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1. SCOPE

1.1 SCOPE

This specification defines the requiredperformance and configuration of the integrated
_,ndrogynous Peripheral Docking System (APDS) for use in the International Space Station
IISS) Program. The APDS will be used dudng orbital docking operations. There will be two
_/pes of docking systems covered by this document: active docking system and passive
,:lockingsystem. The term active mechanism refers to the hardware capable of capture,
attenuation, structural alignment, and structural lock-up. The term passive mechanism refers to
i:he hardware which can only perform structural alignment and structural lock-up. Active
mechanisms will be installed on three Space Shuttle Orbiters (OV-103, OV-104, and OV-105)
and on one ISS Pressurized Mating Adapter (PMA) (PMA-1). Passive mechanisms will be
installed on two ISS PMAs (PMA-2 and PMA-3).

"l-herequirements for engineeringdevelopment,design,and verificationof the integrated
,_ystemare definedinterms of specificfunctionalrequirementsand equipmentcharactedsticsto
meet operationalneedswithinthe constraintsimposedby ISS and Orbitervehicle
c:haracteristics,operationalinterfaces,and externalequipmentor conditionswith which the
integratedsystemmust operate.

'1.2 ORGANIZATION

the body of the specification isorganized to present system requirementsfor system
charactedsticsand interfacerequirements,andoverall designcriteria. Specificproductdesign
requirementsfor LineReplaceableUnits (LRUs)are coveredinseparateappendices. Line
Replaceable Unitspecificinformationanddefinitionsare presentedin separateappendices
followingthe body of the specification.

FORM M 131-H-2REV 9-87 7-17-98
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2. APPLICABLE DOCUMENTS

2.1 APPLICABILITY

The following documents of the exact issue form part of thisspecificationto the extent specified
herein. In the eventof a conflictbetweenthe documentsreferencedherein andthe contentsof
thisspecification,the contentsof thisspecificationshalltake precedence.

SPECIFICATIONS

International

SSP 50094 NASNRSA JointSpecifications
29 February 1996 StandardsDocumentfor the ISSA

RussianSegment

SSP 42121 U.S. On-OrbitSegment
PressurizedMatingAdapter-1 to
RussianSegment FGB Interface
ControlDocumentPart 1

SSP 42121 U.S. On-Orbit Segment
PressurizedMatingAdapter-1 to
RussianSegment FGB Interface
ControlDocumentPart 2

Federal

IATA Intemational Air Transport
Association

FORM M 131-H-2 REV 9-87
7-17-98
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3. REQUIREMENTS

3.1 APDS DEFINITION

TheAndrogynous Peripheral DockingSystemis an integrated turnkey system which provides
Ihe means to connect the USA Orbiter to and from the ISS spacecraft. The APDS consists of
mechanical and electrical equipment configured to allow for Orbiter-to-ISS docking and
Jndocking using both Orbiter- and ISS-based accommodations. The key elements of the APDS
are the passive and the active Androgynous Peripheral Docking Assemblies (APDAs) and the
avionics to control the active APDA. Both active and passive APDAs provide status of cdtical
!unctions during docking and undocking operations. The APDS also provides the ability to
sontrol a second, ISS-based active APDA from the Orbiter via a switching system and to control
:he ISS-based passiveAPDA exclusively from the Orbiter.

3.1.1 APDS Functional Diagram

=igure 1 is a simplified diagram of the integrated active APDS showing the functional
distribution among Line Replaceable Units and showing the passiveAPDA. In the diagram, the
APDS functions are shown distributed between the APDA, crew displays-and-controls panel,
and the control boxes.

The APDS consists of the following elements:

,_,. MC621-0087-9003 Brassboard

!3. MC621-0087-3002 AndrogynousPeripheralDockingAssembly (active,Orbiter
ODS,Mission2_.A)

MC621-0087-6001 AndrogynousPeripheralDockingAssembly(active,OrbiterODS)
MC621-0087-7001 AndrogynousPeripheralDockingAssembly(active, ISSPMA-1)
MC621-0087-8001 AndrogynousPeripheralDockingAssembly(passive,ISSPMA-2,-3)

C. MC621-0087-2002 Docking System Control Unit

IZ).MC621-0087-2003 Power Switching Unit

]=. MC621-0087-2004 Latch Actuator Control Unit

!:. MC621-0087-0005 Docking Mechanism Control Unit

,3. MC621-0087-0006 Pyro Firing Control Unit

H. MC621-0087-0007 Pressurization Actuator Control Unit

MC621-0087-0008 Data Collection Unit

J. MC621-0087-0009 Docking Control Panel

K. MC621-0087-0010 APDS Field Support Equipment

I_. MC621-0087-0020 PyrotechnicRelease Devices
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M. (No Buyer Number) Orbiter Pigtails (See Appendix Xlll)

(No Buyer Number) ISS PMA Pigtails (See Appendix XIII)

N. MC621-0087-0011 Connector Switch Box (See Appendix XlV)

3.1.1.1 ISS Mission Configurations

Equipment procured under this specification will be utilized on ISS missions in the followingcombinations:

The existing active APDA No. MC621-0087-3002, made from the APDA previously procured
under specification JSC-26877 and used on STS-71, will be installed on the OV-105 Orbiter
external airlock for berthing with PMA-2 on the ISS Node 1. ThisAPDA will be controlled on the
Orbiter by second set of avionics elements and cables previously delivered for use on the Multi-
Mir missions. The configuration of this APDA for this mission isshown in Figure 20-A. Also
installed on the Orbiter for this missionwill be the existing connector switch box No. MC621-
0087-0011,previouslyprocured under specificationJSC-26877 and used for the STS-74 missions.

A new passive APDA No. MC621-0087-8001 and its associated electrical cables, which are
procured under this specification, will be installed on ISS PMA-2 for berthing with the Orbiter
and will remain there for future ISS missions.

The new active APDA No. MC621-0087-7001 and its associated electrical cables, which are
procured under this specification, will be installed on ISS PMA-1 for berthing with the FGB and
will remain there as a structural element of the ISS.

For ISS Missions 3A and Subseauent:

A new active APDA No. MC621-0087-6001, procured under this specification, will be installed
on the Orbiter for docking with the passive APDA already installed on ISS PMA-2. Identical
new APDA units will subsequently be installed on two other Orbiters. These APDAs will be
controlled on the Orbiters by the new avionics elements and cables to be procured under this
specification. The connector switch box usedon Mission2A is not planned for installationon this
or any subsequent ISS missions.

A second, new passive APDA No. MC621-0087-8001, procured under this specification, will
subsequently be installed on ISS PMA-3 and will remain there.

3.1.2 Interface Definition

The APDS shall be designed to meet the interface requirements defined herein on a system
basisand LineReplaceable Unitinterfacerequirementsas definedinthe appendixapplicableto
that LineReplaceableUnit. Interfacerequirementsare definedfor bothactiveand passive
APDA functionssuchas power,wiring,controlsignals,and data, as shownin Figure2. Where
interfacerequirementsare uniqueto LineReplaceableUnit,theyare definedinthe appendixapplicableto that LineReplaceableUnit.
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3.1.2.1 Electrical Characteristics

i=_lectricalcharactensticsat the APDS interface and of the APDS equipment will be in
accordance with the following requirements:

:3.1.2.1.1 Orbiter Main DC Power

:28Vdc nominal, two wire, structure grounded system.

:3.1.2.1.2 Orbiter Steady-State Limits

24 to 32 Vdc: continuous duty
23 to 32 Vdc: intermittent duty

3.1.2.1.3 Orbiter Transient Voltage

:3.1.2.1.3.1 Surge

Transient surge voltages, when converted to their equivalent step functions, as defined in
Figures 3 and 4, shall be within the limits of Figures 5, 6, and 7 herein for normal, abnormal,
and emergency conditions respectively.

3.1.2.1.3.2 Spike

"'ransient spikes will not exist at the power input terminals of equipment greater than twice the
_-'" I ne voltage or 100v, whichever is less, in accordancewith Figure8.

3.1.2.1.3.3 Ripple

7"hemaximum individual ripple component will not exceed 0.9 volts peak-to-peak. The total
broadband ripple content will not exceed a maximum of 1.6 volts peak-to-peak. The frequency
c:haractensticsof the ripple voltage are shown in Figure 9.

::.1.2.1.4 Orbiter Primary Power Grounding System

The Orbiter electrical system has a primary power grounding system whereby the vehicle
structure is the referenced ground for the negative of the dc in the power generation and
c,istribution subsystems as shown in Figure 10.

.1.2.1.5 Utilizationof Orbiter Electrical Power

_.1.2.1.5.1 Normal Electrical System Operation

r)uring the transient and steady-state conditions associatedwith normal operation (load
switching) of the primary electrical system, utilizing equipment shall perform in accordance with
Figure 5 and as specified below:

A. Shall provide 100% performance. No performance of utilizingequipment is required during
the voltage supply interruption associated with bus switching.

E;. Shall remain safe.

FORM M 131-H-2 REV 9-87 7-17-98



3.1.2.1.5.2 Abnormal Electrical System Operation

During the transient and steady-state conditions associated with abnormal operation of the
primary electrical system, utilizing equipment shall perform in accordance with Figure 6 and asspecified below:

A. Shall remain safe.

B. May have momentary loss of function; this momentary loss, however, shall not affect later
equipment performance.

C. Shall, after abnormal operation of the electric system and with return of the electric systemto normal operation:

1. Recover automatically to specifiedperformance.

2. Have reliabilitynegligiblyaffectedowingto the abnormalelectric-systemoperation.

3.1.2.1.5.3 Emergency Electrical SystemOperation

Duringthe transientand steady-state conditionsassociatedwiththe emergency operationof
the primaryelectrical system, utilizingequipmentshall performinaccordancewith Figure7 andas stated below:

A. Shall remain safe.

B. Shall have 100% performance with retum to operationof the primaryelectrical power
systemand after any necessarysysteminitializationhas been accomplished.

3.1.2.1.5.4 Influenceon ElectricalSystems

There shall be no influenceby utilizingequipmenton the characteristicsof power at the inputto
its terminals whichcausesthese characteristicsto go beyondthe limitsin 3.1.2.1.

3.1.2.1.5.5 Isolationof Power Source

The Orbiterpower distributionsystemutilizesthree redundantand isolateddc busesto
distributepowerto all subsystems.Equipmentrequiringelectricalpowerfrom two or more
sourcesshall have isolationsuchthat no singlefailure will resultinthe lossof more than one
source. Typical isolationis referencedin Figure11.

3.1.2.1.5.6 Power Transfer

Interface characteristicsof powerto be transferredthroughtheAPDS are per 3.1.2.6.

3.1.2.1.6 General Electrical EquipmentRequirements

3.1.2.1.6.1 Separationof RedundantEquipment

As a designgoal, redundantsystems,redundantsubsystems,and redundantmajorelementsof
subsystemssuch as assemblies,panels,power supplies,controls,and associatedwiringshall

FORM M 131-H-2 REV 9-87 7-17-98



be separated by the maximum practicaldistanceor otherwiseprotected. This requirement
does notapplyto existingdesignedhardware.

3.1.2.1.6.2 InadvertentElectricalPerformanceDue to Debris

Equipmentdesignshallpreventmalfunctionor inadvertentoperationof equipmentexposed
to conductingor non-conductingdebris or foreignmatter inany specifiedgravity stateand
zero "G".

3.1.2.1.6.3 System CheckoutProvisions

Sufficient test capability shall be provided to permit normal planned checkout of subsystems
without disconnecting connectors normally connected in flight. Test cables shall be provided as
extensions to accessiblepanels. In that equipment containing redundant circuits, provision
shall be made for verifying proper operation of each of the redundant circuits.

3.1.2.1.6.4 Equipment Accessibility

Systems, subsystems, equipment, and components shall be designed with features that
contributeto the ease and rapidityof maintenance. To the extentpracticable,equipment
expectedto requireservicing,replacementor maintenanceshallbe designedto be accessible
withoutremovalof other equipmentor wiring. Cable installationsshallbe designedwith
sufficientlength,flexibility,and protectionto permitdisconnectionandreconnectionwithout

__. damage to wiring or connectors.

3.1.2.1.6.5 Insulation Resistance

The insulation resistance to the case or enclosure shall be as specified below using a potential
of 100 Vdc unless otherwise specified in the procurement specification. The insulation
resistance shall be measured between mutually insulated parts with all power sources and
toads disconnected.

_,. >_20MOhms at a temperatureof 77 _+18 OF(25 _+10 °C) and relativehumidityof 45 to 80%

E3._>1 MOhm at a temperatureof 68 _+9 °F (20 _+5 °C) and relativehumidityof 95 + 3%

C. 5 MOhms at a temperatureof 95 to 140 °F (35 to 60 °C), and minus58 to plus59 °F
(-50 to 15 °C), bothwith a relativehumidityof 80 to 90%

3.1.2.1.6.6 DielectricWithstandingVoltage

Equipmentshall be capable of withstanding200 Vac for I second. There shall be no arc-over
or leakage greaterthan 100 milliamperes.The Seller'sinstallationdrawingand otherapplicable
_ocumentsshall includeany necessarycautionnotesregardingdielectricor othertest voltages
withregardto connectedterminals, terminalsacrosscapacitors,integratedcircuits,
semiconductors,and otherpolaritysensitivedevices. Buyermustapproveany variationwith
thisrequirement.

3.1.2.1.6.7 Corona,High-VoltageBreakdown,Multipaction
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Equipment external to pressurized compartments shall be selected or designed where
applicable to prevent high-voltage breakdown and to be free of corona and multipaction. This
applies to connectors, wires, and cabling, to pressurized components, and to vented boxes

exposed to a cyclic space environment from 14.7 psia (760 mm Hg) through 1.9 X 10"6psia
(1 X 10"4mm Hg) for a duration of one day to 30 days at 1.9 X 10"6psia (1 X 104 mm Hg).

3.1.2.1.7 Grounding and Bonding

3.1.2.1.7.1 Equipment and Subsystem Returns and Grounding

A controlled primary power grounding system in accordance with 3.1.2.1.4 is used on the
Orbiter Vehicle. All equipment installed in the Orbiter and major elements interfacing with the
Orbiter shall have dc power return and signal return which are dc isolated from each other and
from equipment chassis, case, or enclosure by a minimum of two megohms except for circuits
using coaxial cables.

Harness shields external to the equipment, requiring grounding at the equipment, shall have
provisions for grounding the shields to the equipment chassis through the harness connector
backshell or by other Buyer-approved grounding techniques. Equipment or element internal
secondary power supplies and signal and shield networks shall utilize grounding techniques
adequate for the application as long as the isolation specified above is maintained for all circuits
that interface with vehicle systems.

3.1.2.1.8 Wiring

3.1.2.1.8.1 Integral Leads

A. Lead wires or "pigtails" of the Russian-American Interconnecting wiring shall only be used
for the electrical connections which are to be terminated by the Buyer.

B. Unless otherwise specified, the lead wires shall be individually identified with lengths
defined in Appendix XlII and Appendix XlV. The identifications shall be durable and legible,
and shall not degrade the wire and cable or equipment performance.

3.1.2.1.8.2 Circuit Protection

Where three or more parallel wires are used to share the current, protection at both ends of the
wiring, by fuses or other Buyer-approved wire-protection devices, is required, and each of the
parallel wires shall be protected. Buyerwill install fuses at Buyer's end and Seller shall install at
his end fuses or other protective devices with fusing characteristics electrically equivalent to the
characteristics of the fuses at Buyer's end.

3.1.2.1.8.2.1 Exception for Power Transfer Umbilicals

Exceptionsto those requirementsfor power transferumbilicalsis defined in 20.3.1.2.1.3.1.

3.1.2.1.8.3 Strain Relief

The equipment shall incorporate adequate strain relief for the lead wires and their terminations.

3.1.2.1.8.4 Pyro Circuit Wiring
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A. The pyrofiringcircuitfor each initiatorshall be suppliedby a balanced,shielded,twisted-
pair line. The line shallnot be connecteddirectlyto vehiclestructureandwill be isolated
from vehicledirectcurrentreturnsthrougha minimumof 100k ohms resistance. The pyro
firingcircuitis definedas that portionof the firingcontrolsystemwhichis isolatedand which
carries the initiator firing current.

B. Shielding. The firing circuit from the current source shall be twisted, shielded pairs. Good
radio-frequency (RF) shielding practicesshall be implemented. Such practices include
multipoint grounding, no unshielded portions, and RF type shield termination (360 degree
shielding coverage on the backshell). Shields shall be grounded to vehicle structure
through the pyrotechnic initiator connector body.

C. The firing circuit shall limit the power produced at each pyrotechnic device by the
electromagnetic environment acting on the subsystemto a level at least 20 dB below the
maximum pin-to-pin DC no-fire power of the initiator. A 20 dB margin shall also exist in the
pin-to-case mode of firing relative to maximum no-fire RF levels.

D. The pyrotechnic devices shall not fire in either the pin-to-pin or pin-to-cese mode due to
direct coupling of the specified electromagnetic environment into the firing circuit.

3.1.2.1.8.5 Wire Sizing

Wire and cable types, sizes, and ratings shall be compatible with the equipment and its
installation in the Orbiter under applicable conditions of environment, voltages, and currents.

3.1.2.1.8.6 Circuit Separation

Connectors shall be wired in such a manner that adjacent pins shall not be used for circuits
where a single short between them or to case could result in the failure of a circuit that causes
a loss of crew. Wiring to connector pins shall be arranged with consideration of corona-
adjacency effects and to separate switching and power, low- and high-level inputs, and signal
circuits from power and control circuits.

3.1.2.1.8.7 Wiring Identification

All accessible internal and external wiring of electrical equipment shall be positively identified by
legible markings as defined in the Seller's detail wiring diagram. Only one marking system shall
be used and shall be consistent throughout the equipment. For wiring or jumpers too short to
be marked, such wiring or jumpers shall be legibly indicated on the Seller's detail wiring
diagram, and the termination points shall be positively identified. The identification method
used shall not degrade insulation and shielding and shall be selected to facilitate maintenance
and repair of the equipment to the greatest extent practicable.

3.1.2.1.8.8 Wire Insulation Protection

Wire passing through metal structures shall be adequately protected from chafing, abrasion,
and cold flow compression.

3.1.2.1.8.9 Redundant Electrical Circuits
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As a designobjective,wiringof redundantsystems,subsystems,or majorelementsof
subsystemsshallnot be routedin thesame bundleor throughthe same connectoralongwith
wiringof any othersimilarsystemelementsuchthat a singleconnectordematewillcause loss
of crew. Where suchroutingis not feasible,the routingshallbe identifiedby color codinganddrawings,withthe reason for deviation.

3.1.2.1.8.10 Wire Harness Protection

Wire and cable installationshallbe designedso as to minimizepotentialdamage. Wiresand
cables shallbe protectedby propersupportingdevices, by removablecovers, or by other
suitableprotectivemeasures. Cables andconnectorsnot usedinflightshallbe removedprior
to flight,orif permanentlyinstalled,shallbe properlyidentifiedand stowedwith metalconnector
caps. No cable, connector,or metal cap shallbe unsupportedor looseduringflight.

3.1.2.1.8.11 VisualVerification

As a designobjective,considerationshallbe givento permitvisualinspectionof proper
connectormatingand wire harnessconditionduringinitialinstallationand during vehicleturn-aroundoperations.

3.1.2.1.8.12 Wire Bundling

Reductionof electromagneticeffectsin interconnectingwiringshallbe accomplishedthrough
circuitclassificationand isolatingincompatiblecircuitsvia wire cable bundling,muting,and
separation. Wire classificationshall be inaccordancewiththe data listedinTable 130-F. Wire
separationand bundlerequirementsshallinaccordancewiththe requirementslistedin
Table 130-G These requirementsdo not applyto existingdesignedhardware.

3.1.2.2 Mechanical Interface

The designof the equipmentshallbe suchthat it is compatiblewiththe mechanical interfaces
specifiedinapplicableAppendicesfor equipmentmountedin theexternalairlock,internal
airlock,and crew compartment.

3.1.2.2.1 Mounting

The mountingprovisionsof the equipmentshallbe as specifiedinthe applicableLine
ReplaceableUnitappendices.

3.1.2.2.2 ConnectorLocationand Pin FunctionAssignments

Electricalconnectorsand pinassignmentsshallbe as specifiedin the applicableLine
ReplaceableUnitand mechanismappendices. Interconnectingwiringbetweenthe APDS Line
ReplaceableUnitsandthe Orbiterand between LineReplaceableUnitsand PMA-1, -2, and -3
shallbe as specifiedinAppendixXIII.

3.1.2.3 Cooling

APDS Line Replaceable Units shall not require active or forced air cooling, unless otherwise
specifiedinapplicableappendices.
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3.1.2.4 Instrumentation

The design of the equipment shall be such that it is compatible with the instrumentation
interfaces specified in applicable Appendices for equipment mounted in the external airlock,
internal airlock, and crew compartment.

3.1.2.5 Field Support Equipment

The interfacesbetweenthe APDS andFieldSupportEquipment(FSE) shall be defined in
_ppendixXl.

3.1.2.6 Electrical Resource Transfer

The transfer of electrical resources across APDAs will be performed via the Xl thru X4
Jmbilicalconnectors as defined in Appendix II. Resource transfer will only be performed in the
"natedcondition, and all transferred functions will be deadfaced prior to mate and after demate
]ctivities.

:3.1.2.6.1 Resources Transferred from Orbiter to ISS PMA-2, -3

Shielding characteristics for circuits used for transfer of electrical resources acrossAPDAs
•6001 and -8001 shall be as follows:

,k. 1J,5_5_J_Lta_&_.EMC as identified for such circuits in Tables 20-G-1 and -2.

t3. Audio. EMC as identified for such circuits in Tables 20-G-1 and -2.

C. Video. EMC as identified for such circuits in Tables 20-G-1 and -2.

l:). 28-Volt Discretes. EMC as identified for such circuits in Tables 20-G-1 and -2.

t-. 5-Volt Analog. EMC as identified for such circuits in Tables 20-G-1 and -2.

3.1.2.6.1.1 Electrical Power

I-lectrical power capability for circuits used for transfer of power across APDAs-6001 and -8001
,_;hallbe as follows:

• Nominal Operating Voltage = 140 +/-4 Vdc
• Nominal ContinuousOutput Current= 14.7 A

• Overcurrent Protection = current limiting between 14.7 and 44 amps for a
minimum of 25 milliseconds followed by shutdown
within 30 to 60 milliseconds. Shutdown will occur
between 30 and 60 milliseconds if output exceeds
35 amps

• Overvoltage = power transfer will shut down within 10 microseconds if output
voltage exceeds 178 + -2 Vdc or within 5 milliseconds if output voltage

exceeds 165 + -2 Vdc for more than 10 milliseconds
• Redundant power transfer circuits
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3.1.2.6.2 ResourcesTransferred from Orbiter or ISS Node 1 to ISS FGB

ShieldingcharacteristJcsfor circuitsusedfor transferof electricalresourcesacrossAPDA -7001 shall
be as follows:

A. 1_,5__. EMC as identified for such circuits in Table 20-G-3.

B. Audio. EMC as identified for such circuits in Table 20-G-3.

C. _. EMC as identified for such circuits in Table 20-G-3.

D. -V,?._y_. EMC as identified for such circuits in Table 20-G-3.

E. _. EMC as identified for such circuits in Table 20-G-3.

3.1.3 Major Component Identification

The major components of the APDS equipment are identified in applicable Appendices.

3.2 CHARACTERISTICS

3.2.1 Performance Characteristics

A. The APDS functionsshall providethe meansto connectanddisconnectthe activeand
passivedockinghalvesand to provideforon-orbit shirt-sleevetransferof crew and
equipmentbetween the Orbiter crew cabinand the ISS.

B. The APDS shall providethe abilityto transferpower, data,audio, andvideo resources
between Orbiterand ISS and between ISS PMA-1 and FGB.

C. Sequencingof APDS functionsmay be automatedfrom initialcontactuntilfulldock;the
automated sequence, however,shall be able to be interruptedat any point. Subsequentto
interruption,the sequenceshallbe able to be completedmanuallyor terminatedmanually.
Interruptionof the automatedsequence shallnotpreventrematingto the ISS.

D. Means shall be providedto monitorsafety-criticalfunctions,systemverification,checkout,
and operations. Health monitoringand communicationsshallbe providedto bothflightcrew
and groundoperations.

3.2.1.1 Life

3.2.1.1.1 APDA

3.2.1.1.1.1 Service Life

A. -6001 APDA The -6001 APDA shall be capable of performing all of the applicable
operations specified herein with maintenance for a minimum of the following cycles.

On-Orbit Vacuum Cycles 40
Ground No-Load Cycles 288
Ground Load Cycles 7
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B. -7001 APDA The -7001 APDA shallbe capableof performingall of the applicable

operationsspecifiedhereinwithoutmaintenancefor a minimumof the followingcycles.

On-OrbitVacuum Cycles 2
GroundNo-Load Cycles 9
GroundLoad Cycles 2

3. -8001 APDA The -8001 APDA shallbe capableof performingall of the applicable
operationsspecifiedhereinwithoutmaintenancefor a minimumof the followingcycles.
Hatchsealsmay be replacedas required.

SubsystemClassification J II
On-OrbitVacuumCycles 107 10
GroundNo-LoadCycles 9 9
GroundLoad Cycles 2 2

3ubsystemClassificationI hardwareisthat hardwareusedfor a nominaldocking,includingthe
passivestructurallatches,the thermal,captureand undockingsensors,thestructure(base,
=;tationaryguideringandseals),the resourceelectricalconnectors,pushersandhatchassembly.

L_ubsystemClassificationII hardwareis that hardwareusedfor a contingencydockingrequiring
the activestructurallatchmechanism.

:t.2.1.1.1.2 Operating Life

'he APDA shall have a minimum operating life of the cycles specified in 3.2.1.1.1.1 which are
equivalent to the following.

tk. -6001 APDA 33 Orbiter missions in a 15 year life with maintenance.

[3. -7001 APDA 2 Orbiter missionin 15 year life withoutmaintenance.

(3. -8001 AP_)A 3 Orbiter missionin a 15 year lifewithoutmaintenance.

l_nOrbiter missionis definedas includingall applicableoperationsandenvironmentsincluding
I._unch,on-orbitand landingphases.

3.2.1.1.1.3 Shelf Life

"'heAPDA shall be capable of operatinginaccordancewiththe requirementsspecifiedherein
any timewithina periodof 15 yearsfrom the date of deliverywhen exposedto the applicable
environmentsof 3.2.5.

,'.I.2.1.1.2 Avionics

['xcept as specifiedotherwisein thisdocument,the avionicselementsof the APDS shallhave a
rninimumservicelifewithoutfailureas follows:

1_. 165 hourson-timeoperationin space

B. 990 hourstotal on-time
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C. 264 power-on-power-offcycles in space

D. 1584 total power-on-power-off cycles

E. 15 year guaranteedlife

F. 200 hoursVacuumexposure

Replacementof Line ReplaceableUnits isan acceptablemeans of meetingthis requirement.
Uniqueservicelife requirementsare specifiedfor the Pyre FiringControlUnitin AppendixVII
and for the InterconnectingWiring inAppendixXIII.

3.2.1.1.2.1 PyrotechnicRelease Devices

Uniqueservice life requirementsfor pyrotechnicrelease devicesare specified inAppendixXII.

3.2.1.1.2.2 APDS SwitchingSystem

Uniqueservice life requirementsfor the APDS switchingsystemare specified in AppendixXIV.

3.2.1.2 Design Approach

The systemshallbe designedto use existingcomponentsandcircuitsfor those functionsthat
are similarto the APDA andassociatedavionicscontrolhardware. It is the goalof this
specificationthat a straightforwardapproachbe usedin meetingrequirements. In this
approach, the followingguidelinesshallapply:

A. Maximumuse shall be made of matureelectricaland mechanicaldesignsanddesign
techniqueswithrequiredmodificationsto meet safety and failuretolerance specifications.

B. Weightand power consumptionshall be minimized.

C. Where implementationof failure toleranceis not feasibleor practical,a design-for-minimum-riskapproachmay be used.

D. Specificchangesto be made from the existingdesignsof componentsand circuitsare
defined inthe applicable LRU appendices. For purposesof thisspecification,the "existing
design"shallbe assumedto be that used for the APAS on the Mir-1 (STS-71) missioninJune1995.

3.2.1.3 Spacecraft Docking and Berthing

Figure 2 illustrates the location of the PMAs and shows active and passive elements involved in
spacecraft docking. The APDS shall allow the U.S. Orbiter to dock to PMA2.or PMA3 and allow
the berthing of the Russian-made FGB segment to PMA1. The Russian FGB segment interface
willconsistof a passiveAPDA not covered by thisspecification.The ISS PMA2 and PMA3
interfacesconsistof passiveAPDAs. PMA2 willbe the primaryshuttledockingport. PMA3 will
be a backupOrbiter dockingport. The Orbiterwillbe in free driftfrom contact throughstructural
latching. The ISS willbe inan activ=,attitudecontrolmode untilcompletionof capture. The
Orbiterand ISS willbe in free drift from completionof capture untilcompletionof mating.
Positiveverificationof the followingeventsas they occur shallbe made availablefor transmittal
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:o either ISS or Orbiter crew, to the ground, or to any ISS systems requiringconfirmation of
•:heseevents: contact, capture complete or capture failed, mating complete or mating failed,
,andundocking complete or undocking failed. All APDAs are controlled and powered from the
,3rbiter.

:3.2.1.3.1 Contact Conditions

The APDS shall be designed to accomplish docking given the relative velocities and relative
misalignments defined in Appendix II, Table 20-A-1.

3.2.1.4 Mass Properties and Control Weights

"the APDS shall be designedto accommodatethe ISS masspropertiesidentifiedinAppendixII,
"table 20-F and the Orbiter mass propertiesenvelopedefinedinAppendixII, 20-E.

3.2.1.5 Contingency Operations

3.2.1.5.1 DockingOperationsTermination

"-heAPDS shallallow for terminationof Orbiter-to-ISSdockingoperationsand for separationat
_=nypointin the dockingprocess. Thisshall not preventtherematingof the Orbiterto the ISS
_=fternominalseparation.

3.2.1.5.2 Time Critical Separation

The APDS shall be designed to permit closure of all required hatches, partial or complete pre-
.¢eparationvestibule venting, and APDA separation to all be completed within ten minutes in
response to Orbiter or ISS non-nominal situations. The capability for the APDS to subsequently
c:learthe payload bay door envelope shall be retained. Only one zero-failure.tolerant means of
_ccomplishing time-critical separation is required. The means used to provide the two-failure-
t_lerant nominal demating capability specified in 3.2.3.1a may be utilized to meet the
contingency separation requirements.

.2.1.5.3 Extraveh=,cularllntravehicularActivity (EVNIVA)

"l'heAPDS shall not require EVA for performance of any nominal operation. The APDS shall
rot preclude EVA egress capability and operationswhile either attached or detached from the
ISS. The APDS shall accommodate a fully-suited Orbiter IVA crew member performing the
r_anual backup capture- latch release function.

3.2.1.6 Inhibits

1lhibitsshallbe designedto providea physicalinterruptionbetweenthe energysourceand the
f,Jnction. Anyfunctionwitha potentialcdtical hazard shallhavetwo independentinhibits
whenever the hazard potentialexists. Any functionwitha potentialcatastrophichazard shall
I"ave three independentinhibitswheneverthe hazard potentialexists.

,3.2.1.6.1 InhibitControl

The deviceor functionthat operatesan inhibitis referredto as a controlfor an inhibit. Controls
for aninhibitneednotsatisfythe inhibitorfailure-tolerancerequirementsforhazardousfunctions.
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3.2.1.7 Health Status

The APDS shall have the capability to monitor and announce the health statu- the,
functions and devices, tn the event of change in the health status of a particul_
changed monitor signal shall be provided in real time for notifying the crew.

3.2.2 Physical Characteristics

3.2.2.1 Envelope

The envelopeof each APDS unitshallnotexceed the dimensionsdefined in applicableapp_

3.2.2.2 Weight

The weight of each of the APDS Line Replaceable Units shall not exceed the limits defined =
applicable appendices. The total weight of the APDS equipment shall not exceed 800 Ibs (3
9 kilograms) without the switching system and 936.1 lbs (424.7 kilograms) with the switchinc
system. Target weights are as follows:

Avionics TBD kg
APDA -6001 300,0 kg
APDA -7001 300.0 kg
APDA -8001 210.0 kg
ConnectorSwitchingSystem See AppendixXV

3.2.2.3 Surface Wear

Interactingsurfacesinthe APDS shall be sufficientlysmoothandwear resistantsuchthat
particle generationwillnot preclude the normalfunctioningof the itemas specifiedherein.

3.2.3 Reliability

3.2.3.1 Redundancy

The APDSshallbe single-failure-tolerant(exclusiveof structuralcomponents)fordocking. Singl_
failure-tolerantdockingrequirementsshallbe met by two independentmechanicalstrings. E
shallnot be usedas a means of meetingthe single-failure-tolerantdockingrequirement. The
APDS shall be dual-failure-tolerant(exclusiveof structuralcomponents)for nominalundockir
Dual-failure-tolerantundockingrequirementsshall be met by three independentmechanical
strings. EVA may be utilizedas a means of actuating the third string. The electrical portionc
the APDS shall be single-failure-tolerant whereby it has the capability to sustain a failure and
remain in a safe, but degraded mode.

Exceptions:

A. Passive -8001 APDA unit may be single-failure-tolerant. The unit shall be capable of
providing back-up structural latching.

B. -7001 active ISS APDA may be zero-failure-tolerant for undocking.
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C. If sequencing of APDS functions is automated, the sequencingshall be single-failure-
tolerantto failures which requiretimecriticalcrew intervention.

D. The meansof modingof the ISS attitudecontrolto free drift upon captureshallbe single-
failure-tolerant. The means of modingof the ISS attitudecontrolbackto activeupon
releaseshall also be single failuretolerant.

E. Wire harnessesare exceptedin accordancewith3.1.2.1.8.9.

3.2.3.2 Failure Deterrence and Detection

The designof the APDS units shall incorporate the following:

A. Each APDS Line Replaceable Unit shall be designed such that transient out-of-tolerance
conditions or component failures will not cause failures of other APDS Line Replaceable
Units or Orbiter systems.

B. Within the procured item, where similar connections are in close physical proximity, the
design shall preclude the possibility of cross-connection.

3. Fasteners and threaded parts, including electrical connectors, shall be positively locked to
prevent loosening during service. The locking method shall be subject to Buyer approval.

:_. Bypass circuits designed for use in checkout or calibration shall not override electrical
systemprotectivedevices.

--_.Gearboxes shallbe designedto precludeentryof foreignmaterial, lossof lubricant,and
jamming of gears.

:. Fault detection and annunciationshall be supportedas needed for cdticalhardwarefailure
isolation. Failure isolationcapabilityshallbe providedto limitfailure propagationeffectsand
to ensure that failure of a redundantelementdoes notadversely affectsystemoperations.

(.3. APDS isolationbetweentest/monitorpointsand internalcircuitsshallbe suchthat
misapplicationof plusor minus28 Vdc to any testJmonitorpoint or a sustainedpin-to-pinor
pin-to-groundshort circuitshallnotdegradethe equipment.

H. Motors and relay coilsshall have arcor transientsuppression.

]. All criticalfunctionalcircuitsshallbe designedthat theyare not inadvertentlyactivatedbya
singleaction;i.e. all suchcircuitsshallrequireat leasttwo positiveactionsbefore initiationis
accomplished. These criticalcircuitsshall be verifiableby non-invasivegroundtest.

,l. Pyrotechniccircuitsshallbe designedto requirea minimumof two separate actionsin order
to activatea pyrotechnicinitiator.

K. Pyrotechnicfiringcircuitsfor explosivedevicesemployinghotbddge wire initiatorsshall
includea means of limitingcurrentsurgesresultingfrom multiplesimultaneousfirings,and
protectionfor the powersuppliesto preventpowerlossor voltagedropswhichcan result
from post-firingshort circuitsinthe devices. These protection means shallin no way
degrade operationor reliabilityof theelectro-explosivedevices(fusistorsmay be usedto
fulfillthese requirements).
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3.2.3.3 Reliability Predictions

The Seller shall perform reliability predictions for the Androgynous Peripheral Docking System
(APDS) in support of maintainability analyses. The Seller shall calculate the Mean Cycles
Between Failure (MCBF) for the APDA, and the Mean Time Between Failure (MTBF) for each
element of the avionics hardware. The sources of failure rates used in the reliability predictions
shall be documented. If a government handbook is used, then a copy of the handbook shall be
appended to the analysis. If historical data is used, then failure rate documentation shall

include the use environment, the approximate use environment temperature range, the sample
size of the data, and the number of failures in the sample. This document shall also include an
analysis which correlates these data to the predicted ISS usage environment. Moving
mechanical equipment such as pulleys, cables, shafts, bearings, actuators should have cycle
dependent failure rates, and electronic equipment should have time dependent failure rates.
This document shall also include an analysis which correlates these data to the predicted ISS
usage environment. It is expected that static mechanical elements, such as structure, shall be
shown to be designed with sufficient margin that the failure rate is effectively zero. This
documentation shall be provided to the Buyer per PDRD RA01 in Appendix XV.

3.2.3.4 Reliability Management

The Seller shall maintain a reliability activity planned and developed in conjunction with other
Seller elements. Reliability functions shall be an integral part of the design and development
process, and shall include the evaluation of hardware reliability through a program of analysis,
review, and assessment. Timely status reporting will be utilized to facilitate control of the
reliability effort.

3.2.3.4.1 Reliability Organization

The Seller shall have a clearly identified reliability function which shall be responsible for the
management of the Reliability Program. Where implementation of some of the tasks described
herein is not a direct responsibility of the reliability group, then it is required that the reliability
group monitor these tasks to assure their effective accomplishment.

3.2.3.5 Reliability Progress Reporting

The Seller shall report on the progress of the reliability effort through periodic reliability
management meetings with the Buyer, as scheduled jointly by the Seller and Buyer.

3.2.3.6 Supplier Control

The Seller shall verify that the reliability of hardware elements obtained from its suppliers
meetsthe reliabilityrequirementsin thisprocurementspecification.This appliesto items
obtainedfrom any supplier,whether inthe firstor any subsequenttier or whetherthe itemis
obtainedby an intracompanyorderfrom any elementof the Seller'sparentorganization. The
Sellershall providerequirements,guidance,and controlsto verifytheadequacy of sub-tier
supplierreliabilityimplementation.The levelof reliabilityrequirementsimposedon the suppliers
shallbe appropriatelytailoredand identifiedto be consistentwiththose imposedby this
specification,and shallincludeconsiderationof the stateof hardware developmentand
complexity,supplierexperience,andthe criticalnatureof the function.
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3.2.3.7 Reliability Design Requirements

Reliabilitydesignrequirementsfor each Seller equipmentelementshall be developed and
utilizedin the designinaccordancewiththe Buyer'sprocurementspecification,and shall serve
as a checklistto ensurecomplianceof thedesignto the requirements.

3.2.3.7.1 DesignSpecification

The Seller'sreliabilityeffortshall includea systemfor the reviewof and concurrencewith
designspecificationsandchanges.

3.2.3.8 Failure Mode Effects Analysis (FMEA) and Single Failure Point Summary (SFPS)

The Seller shall perform a failure mode effects analysis (FMEA) and summarize all single failure
points on the Docking System and provide a report in conformance with PDRD RA22 of
Appendix XV.

3.2.3.9 Design Review and Readiness Review

The Seller'sreliabilityactivitiesshall includesupportof or participationin designtradestudies,
internaland sub-tiersupplierdesignreviews,and acceptanceor test readinessreviews. This
activityshall includean assurancefunctionfor complianceof the designcriteriadefinedfor the
subsystem,subassembly,and componentlevels.

-_- 3.2.3.9.1 Change Assessment

Each engineering design change package (EDCP) shall contain a reliability assessment which
includes the effect of the change on the hardware contained on the SFPS or any hardware
changes.

3.2.3.10 Problem Reporting and Corrective Action System

The Seller shall implement, for the control and assurance of the quality, reliability, and safety of
the end item, a formal and controlled closed-loop system for the reporting, analysis,
correction/prevention, and data feedback of failures of components and deliverable end items
during and subsequent to acceptance testing with exception to overstress and potential
overstress as noted below.

Reportable problems also include those occurring subsequent to acceptance testing where the
article configuration is similar to a production design, is dedicated to the certification program,
and data from the test is intended to be used for, or to supplement, qualification testing. The
Seller shall distinguish between failures, problems, and quality discrepancies and assure that
the failure and problem control system iscomplementary to, but not redundant with, such
quality assurance systems such as repetitive discrepancy control and material review. This
system shall emphasize reporting, analysis, and corrective action for immediate resolution of
failures and problems that occur, regardless of their apparent magnitude, giving pdodty to
significantnonconformances,failuresand unsatisfactoryconditions.The Sellershall
accomplishtimelyandappropriateactionto preventrecurrenceof thosefailuresand problems
andsupportthe fast turnaroundrequiredto alleviateflightscheduleimpact.
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Problem occurrences involving any departure from specifieddesign or test limits resulting in
actualor suspectedoverstressto deliverablehardware,occurringduring any phase of
fabrication,inspection,or test, regardlessof causeor circumstance,shall also be reported.
Reportingis not requiredif an engineednganalysisshowsno overstressor potentialoverstress
has occurred; however,the Seller mustmaintaina file copyof the analysiswithinhis internal
problemreportingsystem for futurereferenceand possibleaudit.

3.2.3.10.1 Problem Report Documentation

The Sellershall documentfailures, mishapsand problemson a reportformatwhich provides
informationto adequatelydescribethe failed hardware or problem,the operationin progress,
the conditionsof the failure or problem,the actiontaken at the timeof failure or problem
identification,and theopinionsof thosewho observedthe failure or problemas to the probable
causesand possiblemethodsof correctiveaction. The problemreportshall be transmittedto
theSeller'sorganizationalelementsaffected,and shallbe filedfor ready referencein a centrallocation.

3.2.3.10.2 Problem Analysis

A. The Seller shallanalyze failuresand problemscommencingnormallywith initialacceptance
test to determinetruecauses. The resultsof analysesshallbe concurredin by the Seller
organizationalelement responsiblefor the implementationof correctiveaction in each case.
Where availabletechnicalfactsare adequateto determinethe true cause of failure or
problem,a paper analysiswill sufficein lieu of hardwaretear downanalysis.

B. Any time the Seller determinesthat hardware has been overstressedor potentially
overstressed- regardlessof cause (testequipment,handling,humanerror, internal,etc.),
The followingoverstressanalysisrequirementsmustbe satisfied: (1) damagedand
potentiallydegradedcomponentsmust be identifiedandreplaced,and (2) adequate
rationalemust be providedto assurecomponentsnot replacedthat were involvedinthe
incident,have notbeen degraded.

C. The Sellershallanalyze failuresto determinetrue causes. The extent of thisanalysisshall
be determinedby the Buyer. The firstphaseof failureanalysisbeginsuponcompletionof
the Test, Teardown, and Evaluation('FI'&E.) As part of TT&E, non-destructivetesting
verifiesthe reportedproblemandestablishesthe lowestnon-repairable/replaceable
subassemblycausingthe anomaly. Specialcare shallbe exercisedinconductingthe TT&E
to ensurethat evidence of a failure cause remainsundisturbedwhen isolatingand removing
the failed subassembly.The Sellershalldocumentresultsof theTT&E. Uponreceiptof the
TT&E report,the Buyerwill instructtheSeller on the dispositionof the failedparts which
shouldbe placed instorage,as describedin 3.4.10.3 and3.4.11.1, untilfailure analysisisrequired.

3.2.3.10.3 CorrectiveAction

The Seller shall implementcorrectiveactionto preventrecurrenceof failureswhen the analysis
reveals thecauses to be withinhiscontrol. A problemreportshallbe consideredclosedwhen
correctiveactionhas been implemented. Notificationof correctiveactionfor all failuresand
problemsshallbe on a closeoutproblemanalysis. Correctiveactionswhichresultina change
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to configuration baselinedocumentationshall be processedin accordance withthe change
managementsystem.

3.2.3.10.4 Problem Status

The Seller shall maintaina statusof all open problemsand an inventoryof partsthat have been
designatedas "trend" and put intobondedstorage. The method(s)employed by the Seller to
statusproblemsand maintainaccountabilityfor the trendhardwarein bondedstorageshall be
capable of respondingto the Seller'sneeds as well as beingableto respondto Buyer requests
for information.

3.2.3.10.5 Storage of Trend Hardware

The Seller shall maintain a secured storage area as described in 3.4.10.3 and 3.4.11.1 for non-
reparable failed hardware.

3.2.4 Maintainability

]'he design shall use existing tool kit tools and minimize the requirement for nonstandard tools
,_ndsupport equipment. Where nonstandard tools are required an analysiswill be performed to
:_ubstantiatethe requirement. Perform Maintainability program requirements tasks and input
into maintenance and spares planning. Perform maintainability assessmentto determine that
_hequantitative maintainability charactedstics of the equipment design have been properly
evaluated to assure an adequate support interface has been established and is being utilized.
"this task includes adequacy and accuracy of fault isolation capabilities to a restorable/
replaceable unit, availability of spares and provisioning requirements, status and adequacy of
maintenance manuals, handbooks and instructions,evaluate reliability estimates as it correlates
!o the resolution of any maintainability issue that has been identified. Maintainability activities
_3reto be documented in accordance with PDRD LS01 of Appendix XV.

;3.2.4.1 Design Allocations

_=,cheduledmaintenance requiredfor equipment shall be limitedto replacementof time/cycle
.'_ensitiveequipment. Physicalinspectionof installationsand lubricationof mechanicaldevicesshall
be permittedwith minimum interruptionand only while the deviceremains installedin its location.

3.2.4.2 Design Features

"rhe design shall incorporate the following maintainability features. Deviations require prior
;]pproval from Buyer.

3.2.4.2.1 Maintenance

,_.. Scheduled maintenance of the system when installed shall be limited to organizational
maintenance.

1_}.The necessity for any in-flight maintenance, servicing or checkout tasks, other than built-in
test capability, is prohibited.

(.3. No on-vehicle adjustments or calibration shall be required except as identified elsewhere in
this specification.
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D. Itemsrequinngforming (rolling)or weldingofattachingsurfacesat disassemblypoints shallbe
designedso that removal of materialupon disassemblyduring repair, overhaul, or modification
does not destroy or renderunusableany repairablesubassembliesor components of the item.

E. Standard torque values shall be used for fittings, fasteners and threaded fasteners that
require torque.

F. The system shall be designed so as to preclude the need for carry-on support equipment fororganizational level maintenance.

3.2.4.2.2 Installation

A. The equipment design shall physically prevent the incorrect installation of organizational
level removable items. In addition, clearly visible color coding and labeling in close
proximity to maintenance disconnect points shall be used to facilitate removal and
replacement of any item of equipment.

B. Equipment installed within the procured item shall be mounted in a manner to avoid blindadjustment.

C. Mechanical retention devices for Line Replaceable Units and those SRUs that require
frequent removal shall not require safety wiring; mechanical locking devices shall be used.

D. If an item is mounted and secured by bolts, a pilot keyhole mounting or similar installation
aid shall be provided to hold it in place until the bolts are engaged.

E. Threaded fasteners used for securing a single item, where practical, shall be the same type,
size and tensile strength.

F. On items installedby the Seller, Line ReplaceableUnit]ShopReplaceableUnit installationsshall
be designed such that access to threaded fasteners may be accomplished without the use
of universaljoints, angular extensions,handleextensions,or combinationsthereof, inconjunction
with torque tools. Captive fasteners shall be utilized to fasten Line Replaceable Units.

G. Threaded fasteners installed into aluminum shall interface with inserts.

3.2.4.2.3 Accessibility

A. Line Replaceable Unit servicing and test points shall be clearly marked and shall be

accessible without requiring removal of Seller installed access plates or covers, except
service caps. Calibration controls shall be accessible and clearly marked.

B. All fasteners on a single access cover shall be of the same length, diameter and type.

C. On Line Replaceable Units installed by the Seller, external electrical connectors shall be
accessible without disassembly or removal of functional equipment or components.

3.2.4.3 Test Provisions

The Equipment shall be designed for testability, so as to permit the operational status of the
system to be confidently determined and reported. Equipment shall be designed to facilitate the
detectionof missioncriticalfaults to supportmaintenanceoperations.
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3.2.4.3.1 Test and MonitoringPoints

Each Line Replaceable Unit within the system shall have sufficient test and monitoring points
accessible from the accessible connector panels to enable the stimulus or measurement of
internal circuit nodes to achieve an inherently high level of fault detection and isolation. This will
include: (1) the ability to initialize all sequential logic in the Line Replaceable Unit to a known
condition for testing, (2) the ability to control the Line Replaceable Unit from the connector and
insertthe required test stimulus,and (3) the abilityto observethe responseof the Line
ReplaceableUnitto the appliedstimulusto determinethe statusof the elements tested.

3.2.4.3.2 LineReplaceableUnitPeculiarRequirements

Provisionsshall be incorporatedto detect and reportfailureof redundantcapabilities.This level
of failuredetectionis requiredfor bothautomaticreconfigurationandfor those caseswhere
_econfigurationis under external control.

_,. Capabilityto providestatusof redundantfunctionalpathsinthe installedflightconfiguration
shall be provided.

3. Provisionsto enable looptestverificationutilizingthe integratedavionicssystemshallbe
incorporatedin thedockingsystem.

c.3.The avionicsLRUsshallprovidefailure detectionof peculiarfailure modes.

]D. Means of indicatingoperatingmodes (operational,acquisition,self-testand stand-by)shall
be provided.

:3.2.4.4 Maintainability Analysis

"l'he Seller shall conduct and document a maintainability analysis to provide verification that
design features specified in the Buyer's procurement package and are incorporated in all
,';ignificant levels of equipment maintenance. Documentation of this shall be in accordance with
I_)PRDLS01 of Appendix XV.

3.2.4.4.1 Assessment

Integral to maintainability analysis, assessments shall be developed for organizational and
depot maintenance level tasks. As a minimum, assessments shall be developed for those
I.RUs that have maintainability time constraints.

:3.2.4.4.2 Problem Reporting

"i'heSeller shall initiateproblemreportsfor those problemsuncoveredduringthe maintainability
designreviewand analysisprocesses. Problemreportsthatcannotbe readilyresolvedwill
providea basisfor trade-offstudiesand subsequentresolution.

3.2.4.4.3 Design Reviews

L_eller'smaintainabilitypersonnelshallactivelyparticipatein Seller designreviewsand configu-
=ationinspections.Maintainabilitydocumentationshall be availableat each of these reviews.

:3.2.4.4.4 DesignChanges
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The Seller shall ensure that the maintainability requirements are notadversely affected byindividual design changes.

3.2.5 Environments

The APDS system shall be divided into five categories for environmental verification:

Category I: Crew Compartment
Category I1: Aidock Floor
Category II1: -6001 Orbiter Active APDA
Category IV: -7001 ISS Active APDA and CSB
Category V: -8001 ISS Passive APDA

The LRUs in each category are identified in the applicable appendices.

3.2.5.1 Operating

The APDS shall be capable of meeting the operating performance requirements specified herein
during and after exposure to any feasible combination of the following environmental conditions.

3.2.5.1.1 Crew Compartment

A. Pressure Minimum: 8 psia (413.6 mm Hg) for up to 165 minutes,
_ Nominal: 10.2 to 14.7 psia (527.3 to 760 mm Hg) for
; !__ 165 hours

_'- Maximum: 16.0 psia(827.2 mm Hg)

B. Temperature Minimum: Plus 61 °F (16.1 °C)
Maximum: Ptus 120 °F (48.9 °C)

C. Humidity Maximum: 85 percentrelative
•.-.- Minimum: 17 percent relative

D. SaltFog Exposure to 1 percent salt solutionby weight.

E. Radiation (1) Protonradiationof 2.5x104tad (lx106 rad for 4.5 years)
(2) Electronradiationof 3x103rad (maximumextraction

dose rate = lx10 Srad/sec)

(3) Integralneutronstream(withenergy more than 0.1 MeV)
of l x1012cm'2;gamma rays exposuredose: 1x103r

(4) Integralsolar radiationwithstream density of
0.14 W/cm2 (withoutshield)

(5) Maximumgamma rays exposuredose rate of lx108
rad/sec;electromagneticpulseswithelectricfield
intensityof 2 kV/m and magneticfield intensityof 5 Nm.

3.2.5.1.2 AirlockFloor

__. A. Pressure 10.2 to 16 psia (527.3 to 827.2 mm Hg) with a rate of
depressurizationof 2 psi(103.4 mm Hg) per minute;rate of

m
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repressurizationof 1 psi (51.7 mm Hg) per minute, and 8 psia
(413.6 mm Hg) for 165 minutes

i3. Temperature Minimum Plus 14 °F (-10 °C)
Maximum Plus 122 °F (50 °C)

(.3. Humidity Minimum 0 percentrelative
Maximum 95 percentrelative

I_. Salt Fog Exposureto 1 percentsaltsolutionby weight.

I'. Radiation Same as 3.2.5.1.1.E

:1.2.5.1.3 -6001 OrbiterActive APDA

._k.Pressure Minimum: 1.93 x 10"12psia (lx10 "1°mm Hg)
Maximum: 15.23 psia(787.4 mm Hg)

B. Temperature

1. APDA Non Capture Minimum: Minus58 °F (-50 °C)
Maximum: Plus 122 °F (50 °C)

2. Capture Minimum: Minus22 °F (-30 °C)
Maximum: Plus 122 °F (50 °C)

C. Humidity Maximum: 100 percentrelative
Minimum: 0 percentrelative

[). Radiation (1) Protonradiationof 2.5x104tad (lx108 red for 4.5 years)
(2) Electronradiationof 3x103rad (maximumextraction

doserate = lx10 s rad/sec)
(3) Integralneutronstream(withenergymore than 0.1 MeV)

of lx10 I=cm=;gamma raysexposuredose: 1x103r
(4) Integralsolarradiationwithstreamdensityof

0.14 W/cm2 (withoutshield)

E. Salt Fog Exposureto 1 percentsalt solutionby weight.

F. Load Spectrumfor See Table20-H
Mated Loads

3.2.5.1.4 -7001 ISS ActiveAPDA and CSB

/_. Pressure Minimum: 1.93 x 10"1=psia(lx10 "1°mm Hg)
Maximum: 15.23 psia (787.4 mm Hg)

E. Temperature

1. Non Capture Minimum: Minus58 °F (-50 °C)
Maximum: Plus 122 °F (50 °C)
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2. Capture Minimum: Minus 22 °F (-30 °C)
Maximum: Plus 122 °F (50 °C)

3. CSB Minimum: Minus 58 °F (-50 °C)
Maximum: Plus 122 °F (50 °C)

C. Humidity Maximum: 100 percent relative
Minimum: 0 percent relative

D. Radiation Same as 3.2.5.1.3.D

E. Salt Fog Exposure to 1 percent salt solution by weight.

F. Load Spectrum for See Table 20-H
Mated Loads

3.2.5.1.5 -8001 ISS Passive APDA

A. Pressure Minimum: 1.93 x 10"_=psia (lx10 "_°mm Hg)
Maximum: 15.23 psia (787.4 mm Hg)

B. Temperature

1. Guide rings and Minimum: Minus 130 °F (-90 °C)
petals, protective Maximum: Plus 221 °F (105 °C)
shrouds, capture
sensors:

2. All other Minimum: Minus 58 °F (-50 °C)
components: Maximum: Plus 122 °F (50 °C)

C. Humidity Maximum: 100 percent relative
Minimum: 0 percent relative

D. Radiation Same as 3.2.5.1.3.D

E. Salt Fog Exposure to 1 percent salt solution by weight.

F. Load Spectrum for See Table 20-H
Mated Loads

3.2.5.2 Non operating

The APDS shall be capable of meeting the operating performance requirements specified
herein after exposure to any feasible combination of the following conditions:

3.2.5.2.1 Crew Compartment

A. Pressure Maximum 30.0 psia (1651 mm Hg)
Minimum 3.28 psia (48.2 mm Hg)

B. Temperature Minimum Plus 35 °F (1.7 °C)
Maximum Plus 120 °F (48.9 °C)
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,_. Shock

Basic Design: One 100g half sineshockpulseof I to 3 millisecondsduration
andtwo40g halfsine shockpulseof 3 to 5 milliseconds;in
each directionof three orthogonalaxes for a totalof 9 shocks.

i]. Ozone 3 to 6 parts per hundredmillion(phm).Totaloxidant concentrations
may reach 60 phm for 1 to 3 hours in any 24 hour period.

I'. Fungus As specified in 3.3.1.1.2.

F. Vibration

AccelerationSpectralDensity

20 to 80 Hz Increasing,at plus3 dB/octave,to 0.067 g2/Hzat 80 Hz2
80 to 350 Hz Constant0.067 g/Hz
350 to 2000 Hz Decreasing,at minus3 riB/octave,from 0.067g2/Hzat 350 Hz

Duration: 900 secondsper axis

G. UltimateAcceleration Plusand minus5 g's ineach major axis.

H. Crash Safety Acceleration The equipmentshallbe designedto withstandthe following
accelerationloadsfor a minimumof 30 seconds. The
equipmentand itsmountingattachmentsshall notbreak
loose,create a hazard to personnel,or preventegress
froma crashedvehicle. Operatingperformanceis not
requiredafter exposureto thisenvironment.

Acceleration,g's, inOrbiterX, Y, and Z Axes

gx gy gz

+ Aft + Starboard + Up

+20.0, -3.3 :1:3.3 +10.0, -4.4
NOTES:

a. The+x-axisloadshallbedirectedinallrearwarddirectionswithin20=of the+ x axis.
b. The specifiedloadfactors shallbe taken to act separately.

I Lightning The equipmentshalldesignedto withstandthe induced
voltagesand currentsresultingfrom the effectsof a 200
kiloamperelightningstriketo the vehicle.

3.2.5.2.2 Airlock Floor

A. Pressure 9.65 x 10-8 to 16 psia (5 x 10-6 to 827.2 mm Hg); witha rate
of depressurizationof 0.1 psi(5.17 mm Hg) per minuteand
rate of repressudzationof I psi (51.7 mm Hg) per minute.
Maximumexposureto Vacuumis 250 hours.

FORMM 131-H-2REV9-87 7-17-98



CODEIDENT. NO. 03953
NUMBER

PAGE

B. Temperature Minimum Minus 76 °F (-60 °C)
Maximum Plus 140 °F (60 °C)

C. Humidity Minimum 0 percentrelative
Maximum 95 percentrelative

D. Shock One 100g half-sineshockpulseof 1 to 3 millisecondsduration
andtwo 40g half-sineshockpulsesof 3 to 5 milliseconds
duration;ineach directionof three orthogonalaxes for a total
of 9 shocks.

E. Ozone 3 to 6 parts per hundredmillion(phm).Totaloxidant
concentrationsmay reach 60 phm for I to 3 hoursin any
24 hour period.

F. Fungus As specifiedin 3.3.1.1.2.

G. Vibration

AccelerationSpectral Density

20 to 80 Hz Increasing,at plus3 riB/octave,to 0.067 gZ/Hzat 80 Hz
80 to 350 Hz Constant0.067 g=/Hz

350 to 2000 Hz Decreasing,at minus3 dB/octave,from 0.067g2/Hzat 350 Hz

Duration:900 secondsper axis

H. Acceleration Plusand minus5 g's in each majoraxis. Accelerations
shownin resultsof coupleddynamicloadsanalysesshall
be assessed.

I. Lightning The equipment shall be designed to withstand the
induced voltages and currents resulting from the
effects of a 200 kiloampere lightning strike to the vehicle.

3.2.5.2.3 -6001 Orbiter Active APDA

A. Pressure Maximum 15.23 psia (790 mm Hg)

Minimum 1.93 x 10-12psia (1 x 10-1°mm Hg)

B. Temperature

1. Guide ringsand Minimum Minus130 °F (-90 °C)
petals, protective Maximum Plus 221 °F (105 °C)
shrouds, and
capture sensors:

2. All other Minimum: Minus67 °F (-55 =C)
components: Maximum: Plus 167 °F (75 °C)

C. Vibration

AccelerationSpectralDensity

FORM M 131-H-2 REV 9-87 7-17-98



CODE IDENT. NO. 03953

2
20 to 80 Hz Increasing,at plus 3 dB/octave,to 0.067 g/Hz at 80 Hz

80 to 350 Hz Constant0.067 g2/Hz
350 to 2000 Hz Decreasing,at minus3 riB/octave,from 0.06792/Hzat 350 Hz

Duration: per paragraph 20.4.2.4.1.3

D. Liftoff/LandingAcceleration The equipmentshallbe designedto withstandthe following
accelerationstaticequivalentlimitload factors

Nx Ny Nz

Liftoff _+5.98g +_2.72g _+3.83g
Landing +_6.2g _+3.8g +7.4g

E. Shock

1. Basic Design: 20g terminalsawtoothshockpulseof 11 ms durationineach
directionof threeorthogonalaxes.

2. PyrotechnicShock The equipmentshall be ableto withstandthe shockfrom
the pyrotechnicdevices.

F. Humidity Maximum 100% relative
Minimum 0% relative

.--- G. Sand and Dust As encountered in desert and oceanbeach areas, equivalent
to 140 mesh silica flour with particle velocity up to 500 feet per
minute and a particle density of 0.25 grams per cubic foot.

H. Ozone 3 to 6 parts per hundred million (phm).Total oxidant
concentrations may reach 60 phm for 1 to 3 hours in any
24 hour period.

I. Fungus As specified 3.3.1.1.2.

J. Lightning The equipment shall be designed to withstand the induced
voltages and currents resultingfrom the effects of a
200 kiloampere lightning strike to the vehicle.

3.2.5.2.4 -7001 ISS Active APDA and CSB

A. Pressure Maximum 15.23 psia (790 mm Hg)
Minimum 1.93 x 10-1=psia (1 x 10-'0 mm Hg)

B. Temperature

1. Guide rings and Minimum Minus 130 °F (-90 °C)
petals, protective Maximum Plus 221 °F (105 °C)
shrouds, and
capture sensors:

2. All other Minimum: Minus67 OF(-55 °C)
components: Maximum: Plus167 °F (75 °C)
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3. CSB Minimum: Minus76 °F (-60 °C)
Maximum: Plus 140 °F (60 °C)

C. Vibration

Acceleration Spectral Density

20 to 80 Hz Increasing, at plus 3 dB/octave, to 0.067 g21Hzat 80 Hz
80 to 350 Hz Constant 0.067 g2/Hz

350 to 2000 Hz Decreasing, at minus 3 dB/octave, from 0.067g2/Hz at 350 Hz

Duration: per paragraph 20.4.2.4.1.3

D. Liftoff/Landing Acceleration The equipment shall be designed to withstand the following
accelerationstatic equivalent limit load factors:

Nx Ny Nz

Liftoff +1.5/-5.0g ±2.0g ±12.3g
Landing ±1.5g ±1.9g +7.1/-2.6g

E. Shock

BasicDesign: 20g terminalsawtoothshockpulseof 11 ms durationin
each directionof three orthogonalaxes.

F. Humidity Maximum 100% relative
Minimum 0% relative

G. Lightning The equipmentshall be designed to withstand the induced
voltagesand currentsresultingfromthe effects of a
200 kiloampere lightningstriketo thevehicle.

3.2.5.2.5 -8001 ISS PassiveAPDA

A. Pressure Maximum 15.23 psia(790 mmHg)
Minimum 1.93 x 10-_2psia(1 x 10-_°mm Hg)

B. Temperature

1. Guide ringsand Minimum Minus130 °F (-90 °C)
petals,protective Maximum Plus221 °F (105 °C)
shrouds,and
capturesensors:

2. All other Minimum: Minus67 °F (-55 °C)
components: Maximum: Plus 167 °F (75 °C)

C. Vibration

AccelerationSpectral Density
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20 to 80 Hz increasing,at plus3 dB/octave,to 0.067 g=/Hzat 80 Hz
80 to 350 Hz Constant0.067 g2/Hz
350 to 2000 Hz Decreasing,at minus3 dBJoctave,from 0.067g=/Hzat 350 Hz

Duration: per 20.4.2.4.1.3

D. Liftoff/LandingAcceleration The equipmentshallbe designedto withstandthe following
accelerationstaticequivalentlimitloadfactors:

Condition Nx Ny Nz

Liftoff +1.5/-5.09 +_2.0g _+12.3g
Landing +1.5g _+1.99 +7.1/-2.6g

E. Shock

Basic Design: 209 terminal sawtooth shock pulseof 11 ms duration in each
direction of three orthogonal axes.

F. Humidity Maximum 100% relative
Minimum 0% relative

G. Lightning The equipment shall be designed to withstand the induced
voltages and currents resulting from the effects of a
200 kiloampere lightning strike to the vehicle.

3.2.5.3 Transportation and Storage

The APDS LRUsshall be protectedfrom theenvironmentsin 3.2.5.2 by adequatepackagingor
protectiveprocessesunlessthe designto vehicleflightrequirementsprecludesthe need.

3.2.6 Transportability

The APDS LRUs shall be designed to be capable of being handled and transported to using
facilities without damage or degradation, utilizing available methods of transport with the item
prepared for shipment in accordance with Section 5 requirements. The planned packaging
shall be compatible with the equipment design and transportation system to the extent that
loads induced in the equipment during transportation will not produce stresses, internal loads or
deflections resulting in damage to the equipment. Shipping containers shall be designed to be
reusable.

3.2.6.1 Tiedown Capability

The equipment design shall incorporate structural provisions adequate to permit the hardware
to be secured to the transport vehicle, device or container by bolting, blocking, strapping, or
other feasible means.

3.3 DESIGN AND CONSTRUCTION
r

3.3.1 Materials, Processes, and Parts
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3.3.1.1 Materials and Processes

Materials and processes for the APDS equipment shall be in accordance with SSP 50094.

3.3.1.1.1 Cleanliness

3.3.1.1.1.1 Category I and II LRUs

The significant surfaces shall be cleaned to Generally Clean level. Generally Clean means free
of manufacturing residue, dirt, oil, grease, processing debris or other contamination.

3.3.1.1.1.2 Category Ill LRUs

The significant surfaces shall be cleaned to Visibly Clean level. Visibly clean is the absence of
all particulate and nonparticulate visible to the normal unaided eye. Particulate is defined as
matter of miniature size with observable length, width and thickness. Nonparticulate is film
matter without definite dimensions.

3.3.1.1.2 Moisture and Fungus Resistance

Materials which are non-nutrient to fungi shall be used. When fungus-nutrient materials must
be used, they shall be sealed or treated to prevent fungus growth.

3.3.1.2 Electrical, Electronic, and Electromechanical (EEE) and Mechanical Parts
Control

3.3.1.2.1 General

The Seller shall implement a system for controlling selection, reduction in number of types,
specifications, application reviews, analyzing failures, stocking and handling methods,
installation procedures, and establishing reliability and quality requirements for EEE and
mechanical parts to be used in the contract hardware, including off-the-shelf hardware. The
Seller shall establish and maintain an adequate procedure to monitor and control the use of
irregular parts in Seller and Supplier equipment at all levels of procurement, test, and
fabrication. The procedure shall provide for the prompt identification, reporting, review, and
approval/disapproval dispositionof the irregularparts.

3.3.1.2.2 Parts Selection

The Seller andSuppliersshallselectparts on the basisof suitabilityfor theirapplication(s)and
provenqualificationof each to the requirementsof itsspecification.Qualificationdata shallbe
current,applicable,and adequatefor use inthe Shuttleequipmentenvironment. Items selected
shall be qualifiedto pertinentspecifications,and selectionshall minimizethe numberof styles
of each generictype. The Seller isfully responsiblefor the satisfactoryperformanceof each
part inaccordancewiththe designand controlrequirementsregardlessof thesource from
whichthe part was selectedor theagency who wroteor approvedthe controllingdocumentation.

3.3.1.2.2.1 Parts Standardization
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Part utilization shall be based upon: (1) selectionof qualified parts, (2) proper derating and
application,and (3) minimizingthe numberof part types. Partsused indesign and fabrication
.,;hallbe selectedon basesof suitabilityfor theirapplicationsand provenqualificationto the
requirementsof their specifications.Selectionshallminimizethe number of styles and generic
types. Parts with proventechnologiesandwithinherentspace ratedreliabilityfeatures willbe
.';elected.

3.3.1.2.3 Parts Specifications

Each EEE and Mechanical partshallbe controlledby a specification(orcombinationof
.,;pecifications)whichdelineatesas a minimum:completeidentificationof the part;physical,
environmental,and performancerequirements;qualityand reliabilityassurancerequirements
i_cludinginspectionsandtestsforqualification,acceptance,and lotsamplingwhere required.

FEE part specificationsshall containscreenand bum-in;packaging,storage,and handling
requirements;traceabilityrequirements;anddata retentionand submittalrequirements.Where
z=combinationof specificationsis usedcollectivelyto provideall of theabove requirementsfora
.,;inglepart type, the detailspecificationfor that part shallprovidedetailedcross-referenceto all
otherapplicablespecifications.Each specificationshall be identifiedby a uniquenumberand
_kllspecifications shall be subjectto a formal systemof changecontrol.

5..3.1.2.4 EEE Parts Qualification

Qualificationof EEE parts shallbe at the part levelto the requirementsof the applicable
._pecifications.Where adequate qualificationdata are not available(as determinedjointlyby
t_e Seller and Buyer),the Sellershallbe responsiblefor thedevelopmentand conductof
cualiflcationtestson parts to determinetheir adequacyinmeetingspecificationrequirements
Endfor developmentof criteriato be usedinacceptancetesting. The Sellershallpreparetest
l:,lansfor thosepartswhichitwill subjectto qualificationtesting. Delta qualificationof parts shall
ire conductedas necessary(as determinedjointlyby the Seller and Buyer)to ensure continued
control overdesign, materials,manufacturingprocesses,and qualitycontrolsafter initial
cualification. Qualificationtest plans, reports,and datawhichsubstantiatequalificationand
status shall be inaccordancewiththe Data RequirementsDocument. The Sellershall maintain

data filewhichidentifiesthe basisandsubstantiatesthestatusof qualificationfor each part
type used on the project. The file for each part type shall:

A. Completely identify the part by genericpart type and name, controllingspecification name,
and number, common designation and manufacturer's name and part number.

EL Contain a summary of and provide complete cross-reference to existing data used to
substantiate the qualification of the part to the controlling specification. When the basis of
qualification is similar to an already qualified part, complete identification and supporting
data for the similar part shall be included together with the analysis that establishes
similarity. The qualification data file shall be maintained for Buyer review on request.

3.3.1.2.4.1 Mechanical Parts

Mechanical (and fluid) parts may be qualified at the use level (with Seller assemblies,) by
_ttributes or historical data.
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3.3.1.2.5 EEE Parts Where-Used List

The Seller shall prepareand maintaina compositewhere-usedparts listfor EEE parts used in
Seller equipmentinaccordancewithPDRD RA19 in AppendixXV.

3.3.1.2.6 Parts ApplicationReview

To verifyproperapplicationsof EEE and Mechanical parts in thedesign, the Seller (or supplier,
if appropriate)shall conductthoroughparts stressanalysisand partsapplicationsreviewson
the designof each LineReplaceable Unitat appropriatemilestonesduringits designand
development. The resultsof thesereviewsshall be inputto designreviews. Each application
of each EEE part shallbe examinedin lightof its rated capabilitiesin comparisonto thedesign
requirementsof that applicationand conformancetotheestablishedderatingcriteria.
Considerationshallbe givento anticipatedlife requirements,functionaland environmental

usagestresses,and historicand currentfailure experience(i.e., resultsof analysisof EEE parts,
failureswhichhaveoccurredinhigherlevelassemblies.)Thereviewoutputrecommendationshall
includeorreferencejust_cationforeach suchusage.The Sellershalltake immediateactionto
correctidentifieddeficiencies.The Buyerwill reviewthe Seller'sreviewfindings.

3.3.1.2.7 Parts ProblemReportingandCorrectiveAction

The Seller shall investigatethe cause of each EEE and Mechanicalpart failure and determine
remedialand preventiveactions;reference3.2.3.10. The significanceof each failure as related
to like parts or materialsusedelsewhereinthe design,and thepossibilityof the occurrenceof
additionalfailuresshallbe determinedand documentedas part of the problemdispositionin
accordancewithData Requirements.

3.3.1.2.8 EEE Parts Controlfor Off-The-ShelfEquipment

EEE parts usedin off-the-shelfequipmentshallconformto the requirementsof 3.3.1.2.4 and
3.3.1.2.5. A "where-used"partslist in accordancewith 3.3.1.2.5 is required. A parts application
reviewin accordancewith3.3.1.2.6 mustbe accomplishedand mustverify theadequacy of
each part ineach applicationand assurecompliancewithany applicableBuyerrestrictionon
specificparts usageor application. Problemreportingand correctiveactionare requiredinaccordancewith3.2.3.10.

3.3.1.2.9 EEE PartsHandling

The Seller's method for controlstorage,stocking, and installationproceduresfor parts shall be
documentedand implemented. These controlsshallpreventuseof partswhichmay be ina
questionableconditionand preventdegradationof partsdueto environmentsof faulty
manufacturingor assemblytechniques.

3.3.1.2.10 EEE PartsTraceability

EEE parts shall be traceable inaccordancewith3.3.6.11.10.

3.3.1.2.11 Part Construction

Partsshall be designedand constructedof suchmaterialsas to preventhazardousconditions,
suchas; arc generation,flammability,offgassing,andtoxicity. Partsshallbe designedand
constructedof corrosionresistantmaterials.
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3.3.1.2.12 Part Derating

Allparts shall be deratedby at least 25% of the maximumelectricaland thermalratings. In no
caseshallthejunctiontemperatureof a semiconductordeviceexceed257 °F (125 °C). Capacitors
shall be derated suchthat the sum of theapplied dc voltageandthe peak ac ripplevoltage
:loesnotexceed 75% of the rated voltage. Resistorsand resistornetworksshall be derated in
;_ower(in lieu of voltage);power shallnotexceed 60% of ratedpower at ambient temperature.
Carboncompositionresistorsshallnotbe used inhigh-humidityor high-temperatureenvironments.

3.3.1.2.13 Parts withCavities

_11micro-circuitsand cavity semiconductorsare requiredto either have internalcoatingor a
'getter''to minimize contamination.When theseare notpossibleor feasible, a Particle Impact
NoiseDetection(PIND) test may be substituted.

3.3.2 Selection of Specifications and Standards

Not applicable

:3.3.3 Electromagnetic Compatibility and Electrical Design

3.3.3.1 Electromagnetic Compatibility

3.3.3.1.1 Limits

This sectioncontainsthe limitsapplicabletothe testsrequiredbySection4.0 ofthis specification.
Where both U.S. Orbiterand ISS electromagneticenvironmentsare applicable,only the more
.'_evereof the twowill be imposedon theAPAS. An equipmentemittingboth broadbandand
narrowbandsignalsat the same frequencyshall meet bothrequirements.

:t.3.3.1.2 Limits for CE01 and CE02

I-lectromagnetic emission in the frequency range of 30 Hz to 20 kHz shall not appear on power
leads, control leads, signal leads, and interconnecting cables between parts, sources and loads
of an equipment in excess of the values shown on Figure 12. The broadband test is not
required. Only leads going external to the subsystem/equipment shall be measured.
Intentional transmissions by conduction on signal leads are exempt.

:t.3.3.1.3 Limits for CE03 and CE04

I'lectromagnetic emissions in the frequency range of 20 kHz to 50 MHz shall not appear on
power leads, control leads, signalleads, and interconnectingcablesbetween parts, sources
and loadsof an equipmentinexcessof thevalues shownon Figure13. The broadbandtest is
not required. Only leads goingexternalto the subsystem/equipmentshallbe measured.
Intentionaltransmissionsby conductionon signalleads are exempt.

3.3.3.1.4 Limitfor CS01

"the performance characteristicsof the subsystem/equipmentshall not be degraded beyondthe
tolerancesgivenin the individualequipmentspecificationor approvedtestplan, inthe
frequencyrangeof 30 Hz to 50 kHz, when subjectedto electromagneticenergy injectedon its
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power leads equal to or less than the values shown on Figure 14. The reduced limits of Figure
15 shall apply to equipment powered from Orbiter +28 Vdc.

3.3.3.1.4.1 Test Power Limit

The requirements for this test are also met if the required voltages cannot be generated by 50
watts dissipated into a 0.5 ohm load and the test sample is not susceptible to the lower voltage
50 watt source output setting.

3.3.3.1.5 Limit for CS02

The performance characteristics of subsystems and equipment shall not be degraded beyond
the tolerances given in the individual equipment specification or approved test plan, in the
frequency range of 50 kHz to 400 MHz, when subjected to 1 volt from a 50-ohm source applied
to the equipment power input terminals (excluding power cable). The test limit shall be 0.22 volt
for equipment powered from Orbiter +28 Vdc.

3.3.3.1.5.1 Test Power Limit

When a one-watt source of 50-ohm impedancecannot develop the required voltage at the test-
sample power-input terminals (excludingpower cable) and the test sample is not susceptible to
the output of this signal source, then the equipment may be considered non-susceptible.

3.3.3.1.6 Limit for CS06

The test sample shall not exhibit any malfunction, degradation of performance or deviation from
specified indication beyond the tolerances given in the test sample's individual equipment
specification or approved test plan when the spike shown on Figure 8 is applied to the dc power
input lines of the test sample.

3.3.3.1.7 Limits for RE02

3.3.3.1.7.1 Narrowband

Narrowband E-field emissions in the frequency range of 14 kHz to 15 GHz shall not be
generated and radiated in excess of the values shown in Figure 16.

3.3.3.1.7.2 Broadband

Continuous or repetitive broadband E-field emissions shall not be generated and radiated in
excess of the values shown in Figure 17. BroadbandE-fieldemissions resultingfrom equipment
tum on/offand switchingtransientsareexemptfromthisrequiremenLSwitchingtransient
requirementsare coveredby the timedomaintransientandrippletestdescribedin3.3.3.1.1.10.

3.3.3.1.7.3 Polarization

In the frequency range of 25 to 200 MHz, the limitshallbe met for both horizontallyand
verticallypolarizedwaves, except for electrichandtools. Forthese toolsthe limitsapplyonly toverticallypolarized waves.
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3.3.3.1.8 Limitfor RS02

The testsample shallnotexhibit any malfunction,degradationof performance,or deviation
from specifiedindicationbeyondtolerancesgiveninthe individualequipmentspecificationor
approvedtestplanwhen subjectedto the followingfields:

A. PowerFrequencyTest. Twenty (20) amperesappliedto the testwire at the power
frequency(ies).

B. Spike Test. The same spikeshapeshownin Figure8 where E = 100 voltsacross5 ohms
appliedto the testwire.

3.3.3.1.9 LimitforRS03

The testsampleshallnot exhibitany malfunction,degradationof performance, or deviation
from specifiedindicationsbeyondthe tolerancesindicatedinthe individualequipmentor
subsystemspecificationwhen subjectedto 2 volts/meterfrom 14 kHzto 25 MHz, 4 volts/meter
rampingto 20 volts/meterfrom 25 MHz to 1.2 GHz, and20 volts/meterfrom 1.2 GHz to 18
GHz. Fortestingpurposesa 6 dB safety marginshallbe utilizedfor non ordnanceand20 dB
safety marginfor ordnance.

3.3.3.1.10 Time DomainTransientand RippleTest (TT01)

Any load on the 28 Vdc powerbussystemshallnot generatea transientinexcessof + 30 Vdc
----. (+58 or -2 voltsmaximum peak)when measured at the powerinputterminalsof the test

sample, as describedin Figure18, and when usingtestLine Impedance StabilizationNetwork
(LISN) as describedin Figures19 and 20. This requirementappliesto turn-on and switching
throughall operationalmodes andturn-off. Hard copiesshallbe made of the real-time
transientsand submittedto the procuringagencyas proofof compliance. The instrumentfor
measuringreal-timetransientsshallhave a minimumbandwidthof 50 MHz. All hardcopies
submittedto meet these requirementsshallhave sweep speed and vertical deflection sensitivity
identified. In addition,representativehard copiesof characteristicsteady-staterippleof the
load, as measured acrossthepower inputterminalsto the load, shallbe submittedto the
procuringagency for evaluationindeterminingOrbitersubsystemrippleallocation. Sweep
speed and vertical deflectionsensitivityshallalso be identifiedfor these hard copies.

3.3.3.2 Electrical Design Requirements

3.3.3.2.1 PowerConsumption

Power consumptionof all APDS LRUs shallnotexceed the followingvalues:

A. Duringnormaldockingoperationswith32 Vdc Orbitersupplybuspowerthe APDS power
consumptionshall be less than 1300 watts.

B. Duringpyrofiringoperationswith32 Vdc Orbiter supplybuspowerthe APDS power
consumptionshall be less than 2300 watts. Maximumallowablepower consumptionfor the
PFCU when pyros are not beingfired is specifiedin70.3.3.1.

C. Powerwillnot be appliedcontinuouslyto the systemcontrolunits longerthan two hours.
After two hoursof power-ontime, the unitswillbe powereddownforat least 30 minutes.
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This is applicable to all unitsexcept the PFCU and DCU. Power applied is determined by
the "POWER ON" switch being depressed on the DCP.

3.3.3.2.2 Metals and Metal Couples, Restdction on Use

Metal joints which require electrical bonding shall be precise, dry, and conducting.
Nonconducting corrosion inhibitors may be added after joint assembly. Conducting metal joints
shall be required for electrical circuit fault-current return, electrostatic corona prevention, and
structural shielding from lightning-strike induction and avionics interference.

3.3.3.2.3 Bonding

All metallic items shall be permanently bonded to structure. Design of the mounting and
selection of the surface finish shall ensure that the operational vibration and other
environmentalconditionsdo not cause intermittentelectricalcontactbetween the vehicle
structureand the part. Bondingrequirementsspecificto the interfacebetween the PMA-1
activeAPDA (-7001) and the FGB are describedin Figure20-C, Note 16.

3.3.4 Identification and Marking

3.3.4.1 Identification of Parts

Each part fabricated shallbe identifiedwitha part number. The same specificationor part
numbershall be usedto identifyall like materials,processes,andparts. Sellershall assigna
new part number to the part when authorized changesmake the supersededpart not
interchangeablewithrespectto interface,reliability,safety, logistics,or performance. The part
identificationshall additionallyincludethemanufacturer'sidentificationcodeand be serial
numberedas illustratedbelow.

Mfr No. Mfr AssignedSerial No.

Digit 3 41516 7 ! 8 9101112131415

l

1 2

Mfr's No. and EXAMPLE

SerialNo. 0 3 9 S13I- 0100 0 A B0 0 1
3.3.4.2 Identification of All Development/Qualification Test Specimens

Test specimens shall be permanently and obviously identified prior to testing with the words
"ENG TEST ONLY," in addition to the identification required by the Drawing/Specification to
preclude their use on production items. The letters shall be indelible and provide a distinctive
and vivid contrast with the color of the specimen. The lettering size and identification location
shall be clearly visible to casual observation. Materials used for the identification shall be
compatible with the test specimen and its operating environment. When the size or

configuration of the test specimen is suchthat identification cannot appear on the specimen,
other suitable means such as attached metal tags shall be used.

3.3.4.3 Nameplates
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Nameplates shall be in accordance with the following:

:t.3.4.3.1 Marking Information

"Fhefollowing information shall be marked on major assemblies and units shall include (as
applicable); (1) item name; (2) Buyer's control number; (3) manufacturer; (4) (:lateof
manufacture; and manufacturer's serial number, (5) part number, and (6) code identification
number. Abbreviations, with Buyer's approval, may be used.

3.3.4.3.2 Methods of Applying Nameplates

"'he required marking shall be applied to an identification plate securely fastened to the item; or
.,;hallbe applied directly to the surface of the item by metal stamp, vibro peening, acid, electric
or electro chemical etching, embossing, forging, blasting, casting, or molding. When these
methods are not practicable, the marking shall be applied directly on the item by
environmentally protected decalcomania transfer, metal wrap-around tag, stencil, silk screen, or
by any other method suitable for the use intended which is compatible with 3.3.4.3.3.

,",.3.4.3.3 Permanency and Legibility

]'he marking shall be as permanentas the normal life expectancyof the item on or to which it is
_,ppliedand capableof withstandingthe environmentaltestsand cleaningproceduresspecifiedfor
the item. Legibilityshall be suchas requiredfor ready readabilityand iden_cation markingon
identificationplatesshall be of a color which is in contrastto the colorof the surfaceof the plate.
Identificationtag marking,when used, shallbe permanentto the extent required for utilizationof the
item. Markingmaterialscreatinghazardousconditionsshallnot be used.

3.3.4.3.4 Location

Whenever practicable, the marking of the item shall be located in such a manner as to allow its
I:eingvisible during use. When the location of marking isspecified in a drawing or other
cocument, the location of the marking shall be as specified in the document.

3.3.4.3.5 Modified Items

When an item isaltered or modified from the baseline configuration, the identifying number
assigned by the activity specifying the alteration or modification shall be marked on the item
_nd the original identification number shall be obliterated without damage to the item.

2..3.4.3.6 Type of Lettering

Letters shall be without serifs (sans-serifs)such as "Gothic" or "Futura" capitals, and the
rumerals shall be Arabic. Other charactersshall be of a similar appearance. Letters, numerals,
=nd other characters shall be of suchsize as to be clearlylegible. All lettering shall be in English.

.3.5 Interchangeability

The APDS LRUs and the items identified in 3.1.3 shall be interchangeable in accordance with
the definition of Section 6 of this specification, interchangeability shall be a designfeature for
all removable items/subassemblies/partsdesignated as LRUs or SRUs. When removable
items/subassemblies contain controls, wiring, hydraulic lines, etc., interchangeability shall be
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providedat the attachmentsof these itemsto their nextassembly as wellas for structural
attachmentsof the assembly.

3.3.6 Configuration Management (CM)

3.3.6.1 General Requirements

3.3.6.1.1 Management

The Sellershallprovidea disciplinedapproachto CM to includerequirements/designsolution
verification,configurationbaselines,drawingpreparationand maintenance,engineeringrelease,
changemanagement,and configurationaccountingand verification.Configurationmanagement
proceduresare to be documentedinaccordancewith DPRD CM01 ofApbendixXV.

3.3.6.1.2 Procedures

Seller shall have written procedures to define the techniques to be used for CM which insure
compliance with the requirements of this specification.

3.3.6.1.3 Management Review

The Seller shall permit review by the Buyer of the Seller's compliance with the Seller's CM
procedures. The Seller shall correct, at no cost to the Buyer, any non-compliance with this
specification.

3.3.6.1.4 Baseline Management

The Seller and Buyer shall use documented baselines as a common reference for change
control of technical requirements and product configuration. This specification defines those
items that establishes the initialbaseline. The Seller'sconfigurationbaselinedocument
(SCBD) (Reference 3.3.6.4.2) and As-builtconfigurationrecord(ABCR) (Reference 3.3.6.10.1)
shall define, respectively,the as-designedand as-builtproductconfigurationbaselines.

3.3.6.2 Detail Requirements

3.3.6.2.1 ConfigurationIdentification

ConfigurationIdentificationshall be establishedin the form of technicaldocumentationfor the
Seller End Item (SEI) and majorcomponentsidentifiedinthisspecificationor drawingsfor the
items. This technicaldocumentationshallrelate systemand itemperformance, interface,and
design requirementsand acceptancetestsrequirements,andshall be defined bythe SCBD.

3.3.6.2.2 Specifications

The Seller shallprovidetechnicalspecifications,end itemdetail,or procurement,for Buyer
review (Reference3.3.6.5a) and approvalfor incorporationintoan SCBD for those items
identifiedinthe majorcomponents listin thisspecificationwhen:

A. Performance,design,or test requirementsspecifiedin thisspecificationare further
allocatedor developedby the Seller.
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B. The item isa Seller or sub-tier-supplieritemwhosenextassemblyisotherthan a Sellerdrawing.

Specificationformatand COntentshall be inaccordancewiththe procurementdata
requirementsdocument(PDRD) NumberCM03 inAppendixXV.

3.3.6.3 Engineering Drawings

3.3.6.3.1 Preparation

Drawings shall provide the design, engineering, manufacturing and Quality Control information
directly or by reference necessaryto Controlthe product configuration as specified in this
specification for the items.

3.3.6.3.2 Retention of Design

The configuration identification of each SEI (including subordinate subassembliesand parts)
accepted by the Buyer shall be permanently retained on Seller's drawings. Separate parts lists
(not integral with drawing format) and Engineering Orders (EO's) shall be considered part of the
drawing.

3.3.6.3.3 Identification of Parts

Each part fabricated shall be identified with a part number. The same specification number or
partnumber shall be usedto identifyall likematerials,processes,and parts. Sellershallassigna new

_----. partnumberto the itemwhenauthorizedchangesmake the item non-interchangeablewith respectto
interface,reliability,safety, reprocurernent,traceability,or performance.

3.3.6.3.4 Equipment Identification Marking

Deliverable items and their shipping and storage containers shall be identified with nameplates
and markings as prescribed in this specificationfor the item.

3.3.6.3.5 Parts and Standards Marking

As a minimum, all removable parts and company standards shall be marked or stamped with
their identifying (part) number, serial, or lot number, (if used), and when space permits, the
manufacturer's assigned identification code.

3.3.6.3.6 Buyer Assigned Item Identification Numbers

Buyer- or Seller-assigned part and specification-control numbers shall appear on the item as
prescribed by drawing or by this specification or as specified in 3.3.6.3.5 above.

3.3.6.4 Configuration Control

3.3.6.4.1 Baselines

Controlof the configurationof a SupplierEnd Item(SEI) shallbe establishedby meansof
incrementaland summary reviewsand progressivebaselinedevelopment. As a productof the
reviews,theSellershallprepareandmaintaina Seller'sConfigurationBaselineDocument(SCBD)for
each SEI and, when applicable,itsseriesof configurations.UponBuyeracceptanceof the first
qualifiedor qualifiableproductionSEI, a completedSCBD shallbe established.
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3.3.6.4.2 SellerConfigurationBaselineDocument(SCBD)

TheSCBDshallconsistofa listingofallsignificanthardwareconfigurationdocuments(spec_catJons,
drawings,and lists}thatdefinean SEI. AnSCBDshallbepreparedfor eachdeliverableSEItype-
model-series(familynumber)andwhenchangesareauthorized,includesubsequentconfigurationsof
the basicrequirement.TheSCBDshallbe preparedandsubmittedinaccordancewiththe PDRD
NumberCM03 inAppendixXV for Buyerapprovalof baselinedocumentationdefinition.

3.3.6.4.3 SCBD Control

The Sellerprepared,Buyerapproved, SCBD (includingrevisions)shallbe formallyissued bythe
Seller. AIt changesto the imposedbaselineshall be subjectto formalchangecontroland be
processedas Class I changesinaccordancewith3.3.6.8.3. The SCBD issue,ineffect,plusall
authorizedchanges outstanding,shallconstitutethe currentbaselineat any pointandtime.

3.3.6.4.4 SCBD Maintenance

The Seller shall maintainthe SCBD inaccordancewithhispublishedprocedures. The SCBD
shall be prepared and submittedinaccordancewiththe PDRD NumberCM03 inAppendixXV
for approvalof the Seller'sprogressivebaselinedocumentationdefinitionas an outputof design
review, Seller'sconfigurationinspection,or productaudit.

3.3.6.5 Design Reviews

A design review process shall be implemented by the Seller to assure that requirements are
defined to the proper level of detail and that Buyer and Seller management control is in pace
with design development. Design reviews may be conducted incrementally and summarized to
document the progressive baseline development of the SCBD:

A. Review of technical specifications provided by the Seller, or a sub-tier supplier (refer to
3.3.6.2.2) shall ensure that these specifications cover all items of hardware at appropriate
levels, that each is complete in its contents, and that each is functionally (and physically)
consistent with interfacing design specifications, including environmental requirements and
qualification- and acceptance-test requirements.

B. Reviews of the evolving detail design shall assure that the design approach is consistent
with objectives and requirements of this specification, and that the hardware baseline
(drawings, materials, and process specifications) have been evaluated and approved for
addition to the SCBD. Review of the documented design shall additionally assure that an
adequate qualification program exists.

Note: Buyer approval of, or concurrence with, the Seller's design is not to be construed as
divestiture of the Seller's basic design responsibility.

3.3.6.5.1 Seller Preliminary Design Review (SPDR)

This review will determine the integrity of the Seller's overall design concept, the compatibility
with performance and design requirements of this specification and the producibility of the
design with respect to cost and schedule. The Seller's configuration documentation approved
during the review shall be incorporated into the Buyer-approved SCBD and the configuration
accounting records.
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3.3.6.5.2 Seller CriticalDesign Review(SCDR)

This reviewwillbe conductedwhen thedetail designisessentiallycomplete. The reviewwill
assurethe integrityof the completeddesign,the compatibilityof the technical requirementsof
thisspecificationandthe approvalto release the progressivelybaselineddetail designto
manufacturing.The approvedconfigurationdocumentationshallbe incorporatedintothe
appropriateBuyer-approvedSCBD and configurationaccountingrecords.

3.3.6.6 Seller Configuration Inspection (SCI)

An SCI will be conducted on the first deliverable qualified or qualifiable production SEI of a
given baseline configuration:

A. The Seller shall provide, at the SCI, verification of the following:

1. The configurationand performanceof the deliverable SEI matchesthe baselined
documentationincorporatedwithinthe SCBD, andauthorizedchangesthereto.

2. SEI meetsquality assurance(test) requirementsof thisspecificationand
Seller/subordinate-suppliertechnicalspecification's(whenapplicable).

B. The SCI shall be consideredcompletewiththe Buyer'sformalapprovalof:

1. The completeSCBD for the CEI.

2. The verified acceptancetest data inaccordancewithan approvedacceptancetest
procedure(ATP).

3. Acceptance of the auditedand approvedproductionSEI.

3.3.6.7 Engineering Release Management

Selter'sengineeringdocumentation(i.e., productionand testdrawings,specifications,
baselines,etc.) usedto definethe configurationof each SEI shallbe releasedin a disciplined
and controlledmanner for the purposeof formally establishingSeller'sengineeringdocuments
and controllingchangesthereto.

3.3.6.7.1 Release System

TheSeller'sengineeringreleasesystemshallprovidea singlepointof releaseanda formalprocedure
ofassigningandcontrollingdocumentnumbers,approvingtJt_.s,verifyingreleaserequirements,
effectivity,approvalsignatures,and recordingandtransmittingengineeringdocumentation.

3.3.6.8 Configuration Change Control

3.3.6.8.1 Change Management

The Sellershall maintainan efficient,disciplinedcontrolof changesto establishedbaselines.
The changemanagementtechniqueemployedby theSeller for the controlof changes,
includingsub-tiersupplierchanges,shall be documentedbythe Sellerandverifiedbythe
Buyer,and utilizedthroughoutthe contractualperiodof performance. The techniqueutilized
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shall assure all changes are properly evaluated, documented, and processed,and ensure that
only those changes approved for incorporation are implemented as authorized.

3.3.6.8.2 Change Classifications

EngineeringChange- The term "engineeringchange" isany designchangeto an end item,or part,
delivered,or to be delivered,whichwill requirerevisionto the contractsbecificalJonor engineering
drawings,or to the documentsreferencedthereinwhich are approvedor authorizedfor applicableitems.

Engineering changes shall be designated as Class I or Class II.

All proposed Engineering changes to accepted or unaccepted end items shall be designated as
Class I whenever one or more of the following is affected.

A. Procurement Technical Specification and documents referenced therein.

B. Contract provisions, i.e., cost, contract delivery, contract test schedules, etc.

C. Test Requirements and Specification Document (only acceptance requirements).

D. Hardware accepted by the Buyer. This includes all changes to hardware following delivery
of the first unit of a part number.

E. Buyer baseline requirements.

F. Changes to the Orbiter baseline.

G. Change in procurement source as defined by source control drawings.

H. Verification/qualification.

I. Changes to Critical processes per applicable contract), Safety, Reliability, Maintainability,
and Quality Provisions for the Space Shuttle Program.

J. After design certification, changes to drawings, material and process specifications,
acceptance test requirements, certification/verification/safety/qualification requirements.

K. Operational documentation such as Maintenance Requirements, Operations and
Maintenance Instructions (OMI), Intermediate Depot Maintenance Requirements Document
(IDMRD), flight plans, crew procedures, etc.

All Class I changes require Buyer approval and when required a corresponding change to thepart numbers.

Any change that does not fall within the Class I definition is designated as Class I1.

3.3.6.8.3 Control of Changes

Concurrent with acceptance of the purchaseorder, change control shall be implemented. All
Class I changes shall be documented on an Engineering Design Change Proposal (EDCP) form
and submitted to Buyer for review and approval in accordance with the PDRD CM01 in
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AppendixXV. All Class I changes mustbe dispositionedby the Buyer. Class II changes are
dispositionedby the Seller inaccordancewith3.3.6.8.4.

3.3.6.8.4 Approval of Changes

The EDCP shallbe usedto documentinformationfor a proposedClass I change and shall be
the basicinstrumenttotransmittotheBuyerthechangedescription,definition,andmethodologyfor
incorporation.EDCP approvalis by PurchaseOrder Change Notice(POCN) whichalso
authorizes implementationof the change(refer to 3.3.6.8.5). Other changes(Class II) need not
be approved by Buyerbutshallbe submittedto Buyerconcurrentwithrelease on Seller'sform
for concurrenceof classificationand for informationonly. Any changeso implementedandthen
rejected as a Class II changeby the Buyer shall require resubmittaland approval as a ClassI
change,orcancellationandremovalof thechangeinitsen_retyat nocostto theBuyer.

3.3.6.8.5 Authorityto ImplementChanges

The Seller, upon receiptof a Buyer'sPOCN, shall implementthe Buyerapprovedchange in
accordancewiththe contractualdocumentation.

3.3.6.8.6 Buyer ProposedChanges

The Seller, uponreceiptof a BuyergeneratedEDCP, shallcompletethe EDCP form and
identifythe impacton technicalpedormance, interfaceconditions,schedule,and costand
submitthisinformationto the Buyer. Sellershallinclude,wherepractical,trade-offsor alternate
recommendations. No further actionshall be taken by the Seller untilauthority is provided by
the Buyerto implementthe change.

3.3.6.8.7 SellerRequested Changes

For changes requiringpriorBuyerapproval,per 3.3.6.8.3, the Sellershallsubmitto Buyera
formal EDCP includingsupplementalexhibits;or the Seller may electto place an inquiryrelative
to a change under considerationto determinetheadvisabilityand directionof continued
expenditureof resourcesto developa formal EDCP.

3.3.6.8.7.1 Seller's Changesto ProprietaryHardware

When the Seller initiatesor has cause to effecta changeto a proprietarySEI or to proprietary
hardware assembledin an SEI, the Seller shallnotifythe Buyerof thechangeand statethe
impact,if any, on the functional,physical,or qualificationcharacteristicsof the CEI.

3.3.6.8.7.2 Sub-Tier SupplierChanges

The Seller is responsiblefor monitoringandcontrollinghissub-tiersupplierchanges,to the
same degree requiredof the Sellerby thisspecification. In theevent a sub-tiersupplierchange
impactsthe SCBD or Buyercontroldocumentationas definedin 3.3.6.8.2, the Sellershall
prepareand submita formal EDCP to Buyer.

3.3.6.9 Configuration Verification
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The Seller shall have a formal methodfor verifying that the configurationof each SEI submitted
for Buyer acceptance is in accordance with contractual requirements. Verification shall consist
of the following:

3.3.6.9.1 Hardware Verification

The Seller's verified inspection records for hardware fabrication, assembly, and test, and as-
built confguration record (ABCR) for each SEI shall be reconciled with the technical description
and released engineering documentation. All differences shall be resolved to the satisfaction of
the Buyer.

3.3.6.9.2 Change Verification

The Seller, upon request, shall provide documented evidence that verifies the incorporation of
any or all engineering changes including authorization for such changes.

3.3.6.10 Configuration Accounting

The Seller's configuration accounting technique shall be capable of maintaining, storing, and
correlating configuration documentation records and providing current change incorporation
status information upon Buyer request. Accounting records shall be capable of providing a
completely documented record of the evolution of the SEI in terms of procurement
specifications, performance, and design specifications, drawings, process specifications, test
procedures, and associated manufacturing and inspection records.

3.3.6.10.1 Configuration Accounting Records

As a minimum, the Seller's status and accounting methods shall be capable of providing the
following records/documents:

A. Records of the incorporation statusof authorized engineering changes and the identity of
the Seller's change directive or Buyer's POCN which authorized the change.

B. Records that reflect the procured SEI, as manufactured, assembled, and tested, contains
only approved engineering changes and that all engineering changes are included.

C. An as-built configuration record (ABCR), per PDRD CM04 in Appendix XV, which defines
the as-delivered configuration of an SEI. This record shall include record of authorized
deviations and waivers by part number.

3.3.6.11 Traceability and Serialization

3.3.6.11.1 Traceability

Traceability shall be provided by assigning traceability identification to end items or major
components as identified in this specification. Each component, part, subassembly compdsing
or contained within the end item or major component shall be classified and processed as
exempt or traceable, in accordance with the cdteria contained herein.
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3.3.6.11.2 TraceabilityClassification

Each component,subassembly,and partwithinthe end itemshallbe evaluatedand receivea
traceabilityclassification.Sellerand subordinatesupplierengineeringdocumentation(e.g.,
drawingsandspecifications)shallspecifythe traceabilityclassificationfor each part,
component,and subassemblyas classifiedby the Seller.

3.3.6.11.3 SerialTraceability(TS)

Serialtraceabilityrequirestheassignmentof a uniqueserializedidentifierand processingof
each part, subassembly,majorcomponent,or end itemidentified(TS) as a separateitem,and
maintaininghistoricalrecordspertainingto that itemalone. The historicalrecords inturnwill
provide the capability for backward traceability to the identificationof its procurement,
fabrication, inspection, processing, test, and operating records and any other pertinent data
deemed necessary by the Seller. The capability shall also provide for backward traceability to
the procurement(s) and receiving record(s) of part(s), components, and subassemblieswithin
the end item designated as traceable (exempt items excluded).

3.3.6.11.4 Serial Traceability Criteria

Sub-tier items comprising or contained within the end item which satisfy any of the following
criteria shall be traceable by serialization:

A. Limited Life

B. Fracture Control

C. Requires progressive fracture control measurements of performance

D. Contains traceable subordinate items, assemblies, or parts.

3.3.6.11.5 Lot Traceablity (TL)

Lot traceability requires lot serial numberingof sub-tier items producedby the lot,batch, mix, heat, or
melt in a given time sequenceand the maintainingof historicaldata equally pertinentto all items in
the lot. Separate lot numbersshall be assignedwhen planneddifferencesbetweenindividualitems
in the lotoccur due to changes in materials(substitution)or processeswhich affect fit, form or
function. The given time sequenceincludesidentificationof work on the production order for a
specificpart number, from initiationof work through completionof last operation.

3.3.6.11.6 Lot Traceability Criteria

Sub-tier items which satisfy the following criteria shall be lot traceable:

A. All functional electdcal, electronic, and electromechanical (EEE) parts.

B. Parts with materials identified by the Seller as critical.

C. Parts identified by the Seller as controlled by unique manufactudng process(es).
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3.3.6.11.7 Exempt From Traceability (E)

This classification identifies those items which are exempt from traceability requirements. All
items which have not been classified and identified as TS or TL shall be exempt (E) fromtraceability.

3.3.6.11.8 Traceability Identification

Each item identified as traceable (TS or TL) shall have a traceability identifier consisting of the
manufacturer's code identification number (assigned by the Buyer to the Seller) and a serial or
lot number as illustrated below. The serial or lot number shall be assigned by the manufacturer
and shall not exceed ten (10) characters (alphas, numerice, dashes, etc.)

I _ MFG AssionedTraceable NO,Digit 1 2 3 4 5 6 7-8 9 10 11 12 13 14 15
I MFR'sCode and -- Example--

TraceabilityNo. 0 3 9 5 3 T T A 0 6 7 8 5 6 9

Serializationmay be accomplishedinaccordancewith Seller'sinternalprocedures;however,
theserialnumbersshallnotexceed 15 characters,includingmanufacturers'identificationcode.
Each dash(-) or otheruniquesymbolis also countedas a character.

3.3.6.11.g Changes

The serial number of an item shall not be changed when the article is reworked or retrofitted.

3.3.6.11.10 EEE Parts Traceability

EEE parts shall be traceable in accordance with the following:

1. For EEE devices, the formation of lots and the definition of inspection lots are as follows:

1.1 Formation of Lots - The product shall be assembled into an identifiable inspection lot or
collection of inspection sublots.

1.1.1 ProductionLot - A group of electronicparts manufacturedduring the same time periodfrom
the same basic raw materialsprocessedunder the same specificationsand procedures,produced
with the same equipment,and identifiedby the documentationdefined in the manufacturer's
reliabilityassurance programthrough all significationmanufacturingoperations, includingfinal
assembly operations. (Finalassembly operationsshall be consideredthe last majorassembly
operationssuchas casing,hermeticsealing,or lead attachment, rather than paintingor marking.)

1.1.2 Inspection Lot - A group of EEE devices offered for inspection at one time and in
combinations authorized by the applicable specification.

1.1.3 Traceability - Conforming materials shall be identified upon receipt, and where possible,
throughout the production process to the accepted product. Where another basis of part
production lot identification (e.g., the time period during which certain operations are performed)
is used, the accepted product shall be identified with the appropriate production lot, and records
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of conformingmaterialbatchesor lots ineach productionlot shall be maintained. Completed
partsshallbe identifiedto permitpositivecorrelationto the productionlot.

2. Descriptionof ProductionProcessesandControls- Documentationshall includewhen
applicablesuch itemsas:

Procedurefor identificationof each productionlotthroughall significantmanufacturing
operations,includingfinalassemblyoperationssuchas casing,hermeticsealing,or lead
attachment. Alternately,wherethisprocedureis impractical(e.g., wherea part cannotbe
identifieduntilafter finalassemblyanddeterminationof itsperformancecharacteristics,)the
manufacturershallas a minimumbe able to identifythe timeperiodduringwhichthe final
productionoperationwas performedon each itemof productpriorto final test. The date or lot
coclemarkedon each part shallbe identifiedto a productionlot.

3.3.6.12 Engineering Drawings for Designated Development Items and Non-Flight
Equipment Items

When maintainabilityor reprocurementof identicalitemsis nota constrainingrequirementof
the procurementtechnicalspecificationandpurchaseorder,drawingcontentfor designated
developmentflightitems,developmenttest items,and non-flightequipmentitemssuchas
intermediateand non-criticalfieldsupportequipment(FSE), mockups,and trainersmay be
preparedto lesserdesigndisclosurelevelsof detail inaccordancewiththe ProcurementData
RequirementDocument.

3.3.6.13 Deviations and Waivers

3.3.6.13.1 DeviationDefinition

A specificwrittenauthorization,grantedbythe Buyerpriorto manufacture,to depart from a
particularperformance or designrequirementof a specification,drawing,or otherdocumentfor
a specificnumberof CEIs or a specifictimeperiod. A Deviationdiffersfrom an engineering
change inthat an approvedchangerequirescorrespondingrevisionof the documentation
definingthe affectedhardware,whereasa Deviationdoesnot contemplaterevisionof the
applicabledocumentation.

3.3.6.13.2 Waiver Definition

A writtenauthorization,grantedbythe Buyerpriorto acceptanceof an SEI, to acceptan non-
conformancewhich duringproductionor after havingsubmittedfor inspectionisfoundto depart
from specifiedrequirements,but neverthelessis consideredsuitablefor use"as is" or after
reworkby an approvedmethod.

3.3.6.13.2.1 Requestfor Deviationor Waiver

Sellerrequestsfor Deviationsto baselinedocumentationas definedintheSCBDshallbesubmitted
inwritingto theBuyerforevaluationand approvalpriorto implementation.Waiversshallbe
submittedforreviewandapprovalpriortosubmittalof the SEIforBuyeracceptance.Buyerwill
evaluateeach requestfora DeviationorWaiveras it isreceivedandwill providewrittenresponse.
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Approvalby the Buyershallnotbe construedto extendto any item not covered by the responseand
shall not be deemed to be a Waiver of any of the Buyer'sother rights underthe purchaseorder.

3.3.6.13.3 Accounting for Deviations or Waivers

Records of Buyer approved Deviations or Waivers to the SCBD shall be accounted for in the
ABCR as specified in 3.3.6.10.1c.

3.3.7 Documentation

The procurement data requirements are specified in Appendix XV.

3.3.8 Logistics Support System

The contractor shall develop and maintain a logistics support system for the life of the Seller
hardware. The logistics support system consists of the following:

A. Maintenance (off-line)

B. Supply support management

C. Packaging, Handling, Storage and Transportation (PHS&T)

D. Technical data

E. Training

3.3.8.1 Off-Line Maintenance

3.3.8.1.1 Maintenance Engineering Analysis

The Seller shall conduct and document a maintenance engineering analysis to define the
support resources required for deliverable hardware use in the performance of repair activities.
The Seller shall define the accountability and traceability requirements for work at off-line sites.
These work requirements shall fall into four identified categories:

A. Failed or suspected failure

B. Modifications

C. Time/age/cycle life repair, refurbishment, or recertification

D. Maintenance inspection and sampling (Teardown analysis)

Implementation shall be accounted against the IDMRD by the Buyer. Problem reporting and
corrective action requirements shall apply at all off-line maintenance and manufacturing
facilities starting with initial hardware acceptance test and continuing through the life of the
hardware(reference, ProblemReportingand CorrectiveAction[PRACA] SystemRequirements).
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3.3.8.1.1.1 Scheduled Maintenance

Scheduled maintenance tasks at the off-line level shall be planned and scheduled to support
the mission baseline. Unscheduled maintenance resulting from the following shall be
documented to assure accountability and traceability.

t

A. Flight/ground problem reports

B. System/subsystem/Line Replaceable Unit/Shop Replaceable Unit performance trend
monitoring

C. Special requests

D. Removal and replacement of hardware during flow processing

E. Damage

3.3.8.1.1.2 Tracking and Accounting

The Seller shall provide tracking and accounting systems to assure that flight hardware and
GSE retain the design performance, reliability, configuration and interchangeability contained in
the design specification and does not invalidate the original certification after repair and
refurbishment, modifications, deferred work, and time/age/cycle hardware replacement.

3.3.8.1.2 Maintenance

The Seller shall develop a maintenance concept, perform a logistics engineering analysis,
define the maintenance certification process, perform maintenance trending, and supply
documentation associated with these tasks in accordance with Appendix XV. The Seller shall
assure the design, performance, safety, and reliability of the flight and ground hardware is
retained through the performance of maintenance tasks. The following defines the
maintenance requirements that must be implemented by the depot level maintenance.

3.3.8.1.2.1 Maintenance Concept

The Seller shall develop a maintenance concept consistent with the following requirements:

A. Maintenance shall be performed within a two-level maintenance structure (organizational or
depot) in which each repair action is assigned to the properly certified level at which it can
be most effectively accomplished.

B. Removal and replacement of LRUs shall be at the organizational level, either on a
scheduled for unscheduled basis.

C. Both levels of maintenance shall be accomplished in a manner that provides support of
operational time constraints, prevents deterioration of reliability and operating safety,
ensures timely return of failed items to serviceable stocks, and accomplishes this support at
minimum practical costs.

• 3.3.8.1.2.2 Logistics Engineering Analysis (LEA)
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Seller shall ensure that a LEA be conducted to identify requirementsfor logisticsresources
which are necessary to support their equipment requirements at launch sites during Space
Shuttle operations. A LEA shall consistof a Support Requirements Analysis (SPA) and an
Optimum Repair Level Analysis (ORLA). In lieu of the SRA or ORLA, other comparable
analysis currently used by the Seller may be used.

3.3.8.1.2.2.1 Logistics Engineering Analysis Results Baselining

The maintenance requirements that result from the LEA shall be presented and approved by
the Buyer inaccordancewith PDRDLS01in AppendixXV. These requirementsshall be usedto
developmaintenanceresourcesrequiredfor itemsupport. Theseresourcesinctudemaintenance
manuals,specializedmaintenancetrainingcourses,and maintenancegroundequipment.

3.3.8.1.2.2.2 Support Requirements Analysis (SPA)

The SRA defines the requirementsfor supportequipment, spare parts, consumables, personnel,
specialized maintenancetraining, maintenancedocumentation,and any specialfacilitiesrequire-
ments;e.g., temperature/humidity,cleanliness,etc. The analysisshall be performedto the depth
necessaryto identifyacquisitionof resourcesas determinedby the ORLA.

3.3.8.1.2.2.3 Optimum Repair Level Analysis (ORLA)

An ORLA shall be conducted for each reparable assembly. The ORLA shall form the basis for a
repair item disposition, repair at depot level or discard-at-failure,basedon economic consid-

erations. Results of the ORLA shall provide a basis for the update of the initial assignment of
Source,Maintenance,Recoverability(SMR)codes. RecommendedSMR codesshallbe assigned.

3.3.8.1.2.3 MaintenanceData

Maintenancedata consistsof that data necessary to plan andaccomplishmaintenance. The
Seller shall providemaintenancedocumentationto meet operationalmaintenancerequire-
ments. Existingdocumentationshallbe usedto the maximumextent possible. Requirements
for organizationallevel maintenancedata willbe containedin the Operationsand Maintenance
RequirementsSpecificationsDocument(OMRSD), and releasedengineering.

Intermediateand Depot MaintenanceRequirementsDocument(IDMRD), will be used for
development,planningand acquisitionof off-linemaintenanceresourcesfor flightand ground
hardware. It willdefinethe off-linemaintenancerequirementsfor reparableassembliesof flight
and groundhardware, as well as any groundhardwareinterfacingwithflightunits,andapplies
to all organizationsinvolvedin planningand implementationof maintenancecapabilitiesfor the
system.

3.3.8.1.2.3.1 MaintenanceData Content

Maintenanceplans/maintenanceplanningdata shallcontain,as a minimum,the information
definedin PDRD LS01 in AppendixXV:
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3.3.8.1.2.3.2 Intermediateand Depot Maintenance Manuals (IDMMs)

IDMMsare requiredforallequipmentrequiringdepotmaintenanceandwillconsistof technical
instructionsfor performingsuchdepotmaintenance,on LRUs/SRUsandGSE models/components.
Ifthe designatedrepairagencyisotherthan the OEM, theSellershallpreparethe IDMMsand
_;ubsequentsupportor providingdepotmaintenancerequirementsandengineeringdatapackages.

t'xistingseller documentationwhich meetsthe users'needsmay be used as IDMMs.

:t.3.8.1.3 Limited Life Items

Based on current technology, the Seller shall conduct an equipment life analysis to determine
the life capabilities of the hardware, and then compare these capabilities to the life
requirements delineated in the Buyer procurement specification. Items having evidenced
capabilities which are inadequate to meet the requirements shall be designated as limited life
iLems. Emphasis shall be placed on minimizing the design application of limited life items.

3.3.8.1.4 Limited Operating Life Items

Limited life parts, components, assemblies, where time/cycle (wearout/degradation) is directly
related to the primary cause of failure modes within the operating/shelf life specified in the
E_uyerprocurement specification for the end item, shall be designated as limited operating life
i':ems. Items requiring servicingaction, such as inspection, maintenance, or replacement, as a
fJnction of operating time or cycles within the specified operating/shelf life shall also be included
_[slimited operating life items. Limited operating life items shall also be identified at the line
replaceable unit, or higher, and shall be listed in the End Item Limited Life list, which will be
provided in accordance with PDRD LS04 in Appendix XV.

,'.;.3.8.1.5 LimitedShelf Life Items

Limited life parts and materials which are subject to failure due to aging or environment as a
f Jnction of time since manufacture and/or installation shall be designated as limited shelf life
ilems. The end item assembly shall have a shelf life that complies with requirements of the
l:,rocurement specification and the "age control date" shall be provided at the line replaceable
Lnit level or higher, for the age-sensitive part-material which must be replaced at the earliest
¢ate subsequent to manufacture of the end item. Limited Shelf Life items shall be identified in
t:_eEnd Item Limited Life List which will be provided in accordance with PDRD LS04 in
,Z_ppendixXV.

3.3.8.1.6 Work Unit Code (WUC) Documentation

WUCs shall be developed in accordance with coordination with the Buyer to form a listing of
Lrniquecodes identifying the flight and ground systems hardware components as to their
physical and functional locations within the end item. WUC listing shall be provided for
integration into a Shuttle program WUC data base. The Buyer will integrate and update the
I:,rojectelement listings into an integrated WUC data base.
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3.3.8.2 Supply Support Management

The following key subjects shall be included in developing and maintaining a logistics support
system. This section specifies the requirements for a supply support management system to
support the Seller hardware. Resource planning for operational support shall base calculations
on the anticipated flight rates. Included are the functions and actions necessary to accomplish
acquisition and management of the inventory of parts, materials, supplies, tools, and services
necessary to support operation and maintenance of the Seller's hardware.

3.3.8.2.1 Supply Support

Supply support planning shall include the following as a minimum:

A. Sparesprovisioningand replenishment,to include,GovernmentFumished Equipment (GFE)
spares, national stock number acquisition,configurationcontrol, and provisioningdata controls

B. Liquid propellants, pressurants, and other fluids

3.3.8.2.1.1 Spares Concept

Spares will be provisioned for and managed by the Seller. The identification, acquisition and
distribution of spares will be compatible with the planned activities within the level of required
maintenance and will be provided to the Buyer in accordance with PDRD LS06 in Appendix XV.
3.3.8.2.1.4 Spares Provisioning Data

The Seller shall provide all provisioning technical documentation associated with all items
provisioned.

3.3.8.2.1.5 Cannibalization

Sufficient spares and provisions shall be available at or accessible to the launch and landing
sites to permit replacement of failed or limited life hardware during flight preparation.
Cannibalization is prohibited except by specific Buyer approval.

3.3.8.3 Transportation

Transportation planning shall include packaging, handling, storage, and transportation as aminimum.

3.3.8.4 Training

The purpose of this section is to specify the requirements for identifying and implementing the
personneltechnical trainingand certificationprerequisiteto performmaintenanceon all hardware.

3.3.8.4.1 Authority

Personnel training and certification requirements are defined by the Buyer or are derived from
Buyer specifications and are mandatory.

3.3.8.4.2 Requirements
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The Seller shall identifya maintenancetrainingprogramwhichsupportsthe operational
hardwareunder theirjurisdiction.The extent of thistrainingwillbe determinedby the
establishedmaintenanceconceptas identifiedinmaintenancedocumentation. The systems
employed to implementtrainingand certificationshall providefor:

A. Identificationof tasks requiringcertification.

B. Communicationof requirementsfor trainingand certificationto workplanningfunction,line
supervision,and qualityassurance.

C. Recordsof trainingconductedand personnelcertification.

D. PlansandprocedurestodocumenttherequirementsofSellermaintenancetrainingprogram.

E. Verificationthat personnelassignedto performtasks requiringtrainingand/orcertification
have been trainedand/orcertified.

F. Verificationthat tasks requiringtrainingand/orcertificationare performedby trained,
certifiedpersonnel.

G. The Buyerwill review, evaluate,andapprovetrainingcoursematerial, proficiencyexami-
nations,and the certificationand recertificationcriteriafor new, changedor design-unique
criticalprocesses. Allother trainingfor the performanceof criticalprocesseswillbe audited
by the Buyer. Certificationis the responsibilityof the Seller,andthe applicationof these

A skills, i.e., the performance of the individual,is also the responsibilityof the Seller.

3.3.8.4.2.1 Training and Certification Documentation

Training and certification documentation shall, as a minimum, define the task the trainee will be
qualified to perform upon completion of training and specify how the certifying agent determines
when the trainee possesses those qualifications. Records of training and certification shall be
maintained for the operational life of the hardware and software for which the training was
developed to support. Training and certification procedures, documentation, and records shall
be made available for periodic verifications to determine compliance.

3.3.9 Safety

APDS design and operation, including Field Support Equipment (FSE) as applicable, shall
comply with the following safety provisions and requirements.

3.3.9.1 Hazards

The APDS elements shall be designedsuch thatall potentiallycatastrophicor criticalhazards
are eithereliminatedor sufficientlycontrolledto be candidatesfor acceptancebythe customer.
Fora hazard to be a candidatefor acceptancebythe customer,theassessmentof the risk
resultingfrom the severity of the hazard and itslikelihoodof occurrencemustfallinthe
CONTROLLEDor ACCEPTEDRISKblocksof theriskassessmentmatrix shown in Figure24.
After review,the customermay findthe risk resultingfromthe candidatehazard to be
acceptableto the program,or may decidethatfurther redesignoraddedcontrolsare requiredto
bringtheriskto a levelacceptabletotheprogram.
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3.3.9.2 Hazard Reduction Precedence Sequence

To eliminate or control hazards, the contractor shall use, as a minimum, the following sequenceor combination of items:

A. Design for Minimum Hazard. The major goal throughout the design phase shall be to
ensure inherent safety through the selection of appropriate design features and safety
factors. Hazards shall be eliminated by design,where practical. Where elimination is not
practical, the design shall include features to control the hazard to the greatest practical
extent. Damage control, containment, and isolation of potential consequences of hazards
shall be included in design considerations.

B. Safety Devices. Identified hazards which cannot be eliminated or controlled through design
shall be reduced to the greatest practical extent through the use of appropriate safety
devices as part of the system,subsystem,or equipment. A safetydevice is any device
employed in a system, subsystem, or component to reduce exposure of the system or crew
to a hazardous event or condition, such as switch covers, switch guards, interlocks,etc.

C. Warning Devices. Where it is not possible or practical to preclude the existence or
occurrence of an identified hazardous event or condition, devices shall be employed for the
timely detection of the event or condition the generation of warning signal. Warning signals
and their applications shall be designed to minimize the probability of wrong signals or
improper personnel reaction to the signals.

D. Special Procedures. Where it is not possible to eliminate or adequately reduce the level of
risk resulting from identified hazards through design or the use of safety and warning
devices, special procedures shall be developed to counter hazardous conditions, for
enhancement of ground and flight crew safety. Precautionary, i.e. Caution and Warning,
notations shall be standardized.

3.3.9.3 Margin of Safety Testing

Provisions shall be made to assure that verification tests are performed on cdtical devices or
components to determine the degree of hazard or margin of safety of design. These tests are
specified in the verification requirements of Table I.

3.3.9.4 Sharp Edges

The design of flight equipment shall consider edge, cover, and protrusion criteria. Potentially
hazardous flight equipment items that could injure crew members or damage equipment (i.e.,
entrapment, snagging, teadng, protruding, cutting, or abraiding) are subject to design cdteria
relative to sharp edges and protrusions for flight equipment as provided in Table I and Table II
when such features are required for mission accomplishments, then suitable guards shall be
provided for ground or flight handling operations.
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Table I. Edge, Corner, And Protrusion Criteria For
Edge And in-Plane Corner Radii

Radius

Application Outer inner Remark

cm in cm in

Openings,panels,covers 0.64 0.25 0.30 0.12 Preferred

(cornerradiiinplaneofpanel) 0.30 0.12 0.15 0.06 Minimum

Exposed sheet-metal edgesand

flanges,latches,controls,hinges, 0.10 0.04 -- -- MinimumRequired
andothersmallhardware

Small protrusions(lessthan Absoluteminimum
approximately0.48 cm (3/16 in.) unlessprotruding
on toggleswitches,circuit 0.10 0.04 _ m comer is greater
breakers, connectors,latches, than 120°
andothermanipulativedevices.

A 45° chamfer by 0.06 in. (0.15 cm) (minimum)withsmoothbrokenedgesis also
acceptablein placeof a comer radius. The widthof chamfershouldbe selectedas
approximatelythe comer radiusdescribedabove.

"_" Table II. Edge, Comer, And Protrusion Criteria
For Protrusions And Outside Comers

Application Criteria/remarks

_atchingdevices All manual latchingdevicesshallbe coveredina mannerthat does
notallowgapsor overhangs.

All surfacesandedges shallbe smooth,rounded,and free of burrs.

'_apjointsin sheet metal All surfacesshallbe mated within0.03 in. (0.08 cm) of flatsurfaceat
and mis-matching of edges, or shall be buttedor recessed. All exposededges mustbe
adjacentsurfaces, smoothand radiused0.06 in. (0.15 cm) minimum(as above),

chamfered45°, or shallbe coveredwithan appropriatematenal.

3heet metalstructure, Sphericalwelded orformedradiiare requiredunlesscomersare
box and cabinet three- protected with covers.
plane intersecting
corners.

3crew heads, bolts, All screwheads and bolt heads shallface the outside of the structure,
iluts, and nut plates, if possible. Where nuts, nut plates, and threads are exposed, they
excessthreads and shall be covered in a secure manner. Recessed heads shall protrude
rivets that can be no more than 0.125 in. (0.32 cm) from the mating surface or shall be
contacted by crew covered unlessspaced more than 7 head diameters apart from center
members, to center. Height of roundheador ovalhead screws is not limited.

Screw heads or boltheads more than 0. 25 in. (0.64 cm) deep must
be recessedor be covered with a fairing.
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Table II. Edge, Corner, And Protrusion Criteria
For Protrusions And Outside Corners (continued)

Application CriteriaJremarks

Rivetheadsshall face out on all areas accessible to crew members
and shall protrude no more than 0.06 in. (0.15 cm) unless spaced
more than 3.5 head diameters from canter to canter. In all exposed
areas where unset ends of dvets extend more than 0.12 in. (0.31 cm),
or 0.50 in. (1.27 cm) of unset and diameter of more than 0.12 in. (0.31
cm), a fairing shall be installed over them. This applies to explosive,
blind,or pull rivets,etc. Unsetendsof rivetsmusthave edges
chamfered45 ° or groundoffto a minimumradiusof 0.15 cm (0.06 in.)

A maximumgapof 0.02 in. (0.05 cm) willbe allowedonly betweenone
sideof a fastenerhead and itsmatingsurface.

Burrsmust be preventedor eliminated. Use of allen headsis
preferred. Torque-set,slotted,or phillipshead screwsmustbe
coveredwithtape or otherprotectivematedals or be individually
deburredbefore flight.

3.3.9.5 Protective Covers on Exposed Protrusions

Protectivecovers,cases, or paddingshallbe used on protrusionsor other hazardousobjects
that cannotbe made completelyhazard free.

3.3.9.6 Holes

Holesthat are uncoveredand are roundor slottedin the range of 0.4 to 1.0 in (10.0 to 25.0mm) shall be avoided.

3.3.9.7 Latches

Manuallatchesor similarmanualdevicesthat can pinchfingersshall not be used. A protective
guard or covershall be usedwheresuitablesubstitutescannot befound.

3.3.9.8 Screws and Bolts

Screws or bolts with more than two exposedthreadsshall be capped to protectagainstthesharp threads.

3.3.9.9 Securing Pins

Securingpinsin handrailsshallbe designedto preventtheir inadvertentlybackingout abovethe handholdsurface.

3.3.9.10 Levers, Cranks, Hooks, and Controls

Levers,cranks,hooks,andcontrolsshall not be locatedwherethey can pinch,snag,or cutthe
crew member or clothing.
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3.3.9.11 Burrs

Exposed surfaces that can be grasped by the bare hand shall be free of burrs.

3.3.9.12 Deleted.

3.3.9.13 Factors of Safety for Pressurized Manned Compartments

The mannedpressurizedportionof the Dockingsystemshallmeet the requirementsin the table
3rovidedbelowand have a maximumoperatingpressureof 16.0 psia (827.2 mm Hg). The
_ockingsystemshallbe ProofPressuretested, in combinationwithmated loads,at 110% of a
"naximumdifferentialpressurevalue of 16.0 psid(1.12 kgf cm2 differential),and Pressure
vessel componentsof thedockingsystemshallbe prooftestedwithpressurealoneat 150% of
:his maximumdifferentialpressurevalue. The DockingSystemshall meet the followingFactors
,_fSafety:

Orbitermountedstructures 1.4
ISS mountedstructures 1.5
Capture/Attenuationmechanisms 1.5
StructuralHookMechanisms 1.5
PressurizedCompartments 1.5
Seals 3.0

Seal margins= Contactstress/(3x Internalpressure)-1

3.3.9.14 Pressure Vessels

"'he fluidsused incleaning,testing,andoperationshallbe compatiblewiththe pressure
vessels.

3.3.9.15 Debris Prevention

]he APDS shall be designed to preclude the shedding of debris during prelaunch and flight
operationsthat would jeopardize the flight crew. vehicle, or missionsuccess. Debris is defined
_,sbroken and/or scattered remains emanating from the element(s) of any flight or ground
_ystems.

3.3.9.16 Electrical Hazards Design

Equipmentdesignshallincludeprovisionsfor protectionof the crewmembers fromelectrical
hazards.

3.3.9.17 Chassis Leak Current

Crew membersshall notbe exposedto excessivelevelsof leak currentfrom contactwiththe
exteriorof electrically poweredequipment. The maximumchassisleak currentshallnotexceed
100 milliamperesrms. Electricalequipmentshallmeet thismaximumcurrent limitationforany
combinationof the followingconditions:

,_,. Electricalsupplypolaritynormaland reversed.
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B. Powerswitchon and off.

C. Groundopenand intact.

3.3.9.18 Crew Member Protection

Crew membersshallbe protectedfrom electricalhazardsby one or moreof the followingmethods.

3.3.9.18.1 Grounding

External metalparts subjectto crewcontactshallbe at groundpotential.

3.3.9.18.2 ProtectiveCovers

Equipmentshallprovide groundedor nonconductiveprotectivecovers for all electricalhardware.

3.3.9.18.3 Interlocks

Equipmentaccessdoorsor coversshallincorporateinterlocksto remove all potentialsin
excessof 150 V when open.

3.3.9.18.4 Warning Labels

Warninglabelsshall be providedwhere potentialsare hazardousto crewmembers.

3.3.9.18.5 Plugsand Receptacles

Plugsand receptaclesdesignshallpreventa plugof one voltageratingfrom being insertedinto
a receptacleof anotherrating.

3.3.9.18.6 Insulation

All exposedelectrical conductorsshall be insulated.

3.3.9.18.7 ESE Power Cords

Portableequipmentshallbe designedwiththree-wirepowercordswithonewire at ground
potential.A systemof doubleinsulationor itsequivalentwhenapprovedby the procuring
agency,may be usedwithouta groundwire.

3.3.9.18.8 SpacingBetweenConnectors

Equipmentshall be designedso thata connectorinstallation/removaltoolwillnot make contact
betweenthe adjacent connectors.

3.3.9.18.9 ElectricalSystems

Electricalpowerdistributioncircuitryshall be designedso thatfailuresinternal to the flight
equipmentdo notdamageany interfacingcircuitry,and do not create ignitionsources.

3.3.9.18.10 ElectrostaticDischarge

Circuitssensitiveto electrostaticdischargeshallnotcause a criticalor catastrophichazard.
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3.3.9.18.11 Wire Bundles - ProtectiveCoating

Where protectivecoatingor sheathingisadded to wire bundles, wire bundlesshallwithstand
anticipatedhandling(includingcrew handling),thermalcycling,and operatingdeformations
withoutwiredamage.

3.3.9.19 Deleted

3.3.9.20 Equipment Failure - Verification of Flight Readiness

_/here flight or flight-like equipment has failed, launch-to-orbit of like equipment, either as an
nitial assembly or as an on-orbit replacement,shall not be permittedunlessthe followingoccurs:

A. An analysis of the failure has established that the basic deficiency which caused the failure
is not present in the replacement equipment.

i3. The basic deficiencyhas been counteractedby changes inoperationalproceduresto a degree
that eliminates it as a significant threatto the successof the missionor the safetyof the crew.

C. The basic deficiency as determined by the Buyer to represent no significant threat to the
success of the mission and safety of the crew.

[-'quipment that exhibits or has exhibited intermittent malfunctions, failures, or anomalies shall
riot be used for flight until the malfunction, failure, or anomaly has been corrected or resolved to

-- the satisfaction of the Flight ReadinessReviewBoard.

3.3.9.21 Safety Precautions - Test and Operating Procedures

Proceduresdeveloped for testingand operatingspacecraftor fieldsupportequipmentshall
clearly indicateany stepwhich, if notcorrectlyfollowed,wouldresultininjuryto personnel,
ctamageto a system or equipment,or an environmentalimpact,after the equipmenthas been
c_eliveredto the Buyer. All proceduresshallbe reviewedand approvedby SystemSafety.

The coversheet of the procedureshallidentifyit as a safety-criticaloperation.

3.3.9.22 Field Support Equipment Protective Devices

Field Support Equipment(FSE), facility equipment,ortestequipmentusedingroundor flight
cperationsshallbe equippedwithprotectivedevicesto preservesafe operatingmarginsof the
spacecraft subsystems.

3.3.9.23 Emergency Sating Electrical System

l he APDS electrical power distribution system shall have the capability to remove all electrical
power from the APDS. This capability shall be available to the crew in the Orbiter.

3.3.10 Human Performance/Human Engineering

m
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The design shall consider the capabiiities and limitationsof the human operator whenever a
man-machineinterface exists, includingtorques, forces, and otherfunctional design characteristics
of controls, displays, and work stations.

3.4 QUALITY ASSURANCE PROGRAM

The followingquality requirementsare applicableto all RSC Energiahardware designatedas
deliverableunder thisspecificationand relatedcontracts.

3.4.1 Management and Planning

3.4.1.1 Planning

Quality Assurance activities shall be an integral part of design, development, test and
evaluation, production, operational activities and refurbishment/overhaul. Scheduled status
reporting will be used to provide visibility and assist in controlling the Quality Assurance effort.
Objectives will be to define the major Quality Assurance tasks and their place as an integral
part of the design and development process; and to assure the effective implementation of
Quality Assurance requirements. Quality Assurance program planning shall address all
program phases and shall provide a comprehensive management approach to preventing,
detecting, documenting, and resolving actual or potential nonconformances.

3.4.1.2 Organization

Organizations and personnel responsible for implementing and performing Quality Assurance
functions shall have well defined responsibilities, authodty, and organizational freedom to
develop and implement Quality AssuranCedisciplines and controls. One designated person
shall have the responsibility and authority for directing and managing the Quality Assurance
activity. That person shall have unimpeded access to the management level having full
responsibility for the program/project work and shall report regularly on the status and
effectiveness of quality activities.

3.4.1.3 Quality Program Plan

The quality organization shall prepare, implement, and maintain a quality plan which describes
the compliance with requirements set forth herein. New or existing policies and procedures
cited in the plan shall be available for NASA review. The plan shall serve as the master
planning and control document and shall be submitted in accordance with contract NAS15-
10110, Volume IV of data requirement RSM-06 and with PDRD QA01 in Appendix XV.

3.4.1.4 Management Assessment Data

The quality organization shall provide periodic quality progress and status reports to their
respective program management office and the Buyer.

3.4.1.5 Deleted

3.4.1.6 Milestone Reviews
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QualityAssurance activitiesshall includesupportingprojectmilestonessuch as design,
acceptance,and readinessreviews. Participationin reviewsshall assure that quality
requirementsare consideredin decisionswhichaffect hardwaredesign,configurationcontrols,
initiationof subsystemand integratedtesting,shipment,and readinessfor flight. Quality
Assurancedata presentedwillcontainsufficientdetail to allowmanagementto assess the
acceptability to proceedwith the next programphase activity.

3.4.2 Design and Development Controls

3.4.2.1 Technical Documents

QualityAssuranceshallconduct timelyreviewsof technicaldocumentsand changesthereto
prior to documentrelease. Technicaldocumentsinclude,butare not limitedto, specifications,
engineeringdrawings,engineeringchangeorders,programplans, implementingprocedures,
work instructions,deviations,waivers,etc. Designsproducedby automatedsystemsshallhave
an equivalentlevel of control.

3.4.2.1.1 Quality Assuranceshallvedfythat the contractor'sdocumentationsystem
assuresthe inclusionof qualitycharacteristicsandacceptancecriteriainspecifications,
_rocedures,drawings,fabricationand inspectionplanning,and testdocuments.

3.4.2.1.2 Quality Assuranceshallassurethatthe drawingsystemand other specifications
dentifyhardwarecharacteristicsrequiringverificationwithparticularemphasison critical

-. _haractedstics.This identificationshallbe used indevelopingqualityinspectionand test
Jerificationplanningand procedures.

3.4.2.2 Change Control Verification

Engineeringchanges shall be reviewedby Quality Assuranceto determinethe qualityimpact,
,,_uchas modifiedinspection/testrequirements,identificationof new or modifiedtooling,
gauging, or testequipmentneeds, and identificationof changesto criticalinspection/test
I)rocedures. Change incorporationshall be verifiedinaccordancewithspecifiedeffectivitywith
:_pecialattentionto changes involvingcontrolledinterfacedimensions.

:3.4.2.3 Product/Process Development

_:)ualityAssuranceshall participateinproductand processdevelopmentactivitiesto ensurethat
labricationquality requirementsare definedin concertwithproductrequirements. Qualityshall
assure criteriafor material,and processcontrolsare consistentwithquality requirements.
Productand processdevelopmentactivitiesinclude,butare not limitedto developmentof
mockups,engineeringmodels,qualification/prototypeunits,developmenttestunits,and
developmentof processesand fabricationmethods. Commensuratewiththese activities,
QualityAssuranceshalldevelopmethodsand plansfor verificationof these requirementswith
particularemphasison early identificationof criticalcharacteristics.

3.4.3 Identification and Data Retrieval

:1.4.3.1 General
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A documented identificationand data retrieval system shall be developed, implemented, and

maintained. The Contractorshall use identificationnumbersrelated to the engineeringdesign.
Criticality,designcomplexity,application,performancecharacteristics,manufacturing,
processingor environmentalconditions,and limited-lifesensitivityshall be usedto determine
the level of controlappliedthroughidentificationand data retrievalrequirements. An
identificationand data retrievalsystemshall be providedfor installedpart and material
traceabilityas follows:

3.4.3.1.1 Each traceable article and material shall be identifiedby a uniquecombinationof
part or type number, one or more of the followingidentificationmethodsas applicable:

3.4.3.1.2 Requirementsshallbe establishedfor electrical,electronic,and
electromechanical(EEE) parts whichshallprovidethe capabilityof tracingbackwardsfrom
fabricated hardwareto the lotfrom whichthe part originated.

3.4.3.2 Retention of Records

Recordsshall be retainedin a safe, accessiblelocationfor the periodspecifiedin the contract.
Recordsshall not be destroyedunlessauthorizedbythe NASA'scontractingofficer.

3.4.3.3 Record Retrieval

Recordsystemsshall ensurethat recordsare identifiedand relatedto the applicablearticles
and materials. The systemshall be organizedso that theserecordsand the relatedarticles and
materialsmay be rapidlylocated and retrieved.

3.4.4 Procurement

3.4.4.1 Procurement Controls

The contractoris responsiblefor assuringthat purchasedarticles,materials,and services
conformto the requirementsspecified inthisdocumentand otherprogramrequirements.
Controlof procurementsshall includeidentificationof contractqualityreqUirements,selectionof
qualified suppliers, verification of productquality and compliancewith contractual requirements,
and provisions for reporting and correcting nonconformances.

3.4.4.2 Quality Assurance Personnel at Supplier

The contractor shall assign resident or itinerant Quality Assurance personnel at subcontractor
or supplier facilities based on the criticality and complexity of the equipment and experience
with the source, when testing or critical inspections cannot be accomplished by the contractor,
or when articles or materials are designated for direct shipment from the supplier to a NASA
Center or the using site. The contractor shall provide written instructions for its Quality
Assurance personnel at the supplier which will include a requirement to record the history and
results of source activities in the following areas: general information, system control, productcontrol, and process control.

3.4.4.3 Receiving Inspection
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Quality Assuranceshalldevelop,implement,and maintaina documentedreceivinginspection
activityto ensure that procuredarticlescomplywithprocurementdocumentrequirements,
inspectionand test data are accurateandacceptable,evidenceof contractor and NASA source
inspectionhas been providedas required,specifiedidentificationand data retrieval
requirementshave been met, time/cyclesensitivearticlesare identified,expended and
remainingtime/cycleinformationis provided,chemicalanalysisand physicaltestsare
performed,and receivinginspectionresultsand statusof articlesare maintained. Procedures
shall providefor laboratoryanalysisandtestingon a samplingbasisto verify the validityof test
reportsreceivedfrom suppliers.

3.4.4.4 Supplier Data

Inspection and test results commencing with receiving inspection shall be recorded to reflect,
on a continuous basis, the qualitative and quantitative performance of individual suppliers and
the quality histories of the supplied articlesand materials. Quality Assurance shall maintain
data to aid in the selection of suppliers, establish trends of potential problems, and initiate
action to resolve any negative trends.

3.4.5 Fabrication Controls

3.4.5.1 Fabrication Operations

.:3ualityAssurance shall support fabrication operations, including assembly and test, to verify
.... :hat critical characteristics of the design are identified and their conformance to engineedng

'_pecificationsare maintained in all articles produced. Critical characteristics shall be selected
_y quality, manufacturing, and engineering personnel and shall be derived from drawings,
_pecifications, Failure Modes, Effect and Criticality Analysis (FMECA), Hazard Analysis, etc.
,Criticalcharacteristics shall be designated as inspectionpoints that must be verified by Quality
,_.ssurancepersonnel. Identification of these characteristics,definition of methods, and
_equence of operation shall be consistent with the criteria, methods, and plans developed
during product development and reviewed at design reviews. Detailed fabrication and
inspection planning shall contain the following as a minimum:

3.4.5.1.1 Nomenclature and identification of the article to be fabricated.

3.4.5.1.2 Drawings and specifications required.

3.4.5.1.3 Tooling,jigs, fixtures,and otherfabricationequipmentto be utilized.

3.4.5.1.4 Detailed instructions for fabrication and assembly of articles.

3.4.5.1.5 Critical characteristics and tolerances required.

:3.4.5.1.6 Detailed procedures for controlling processes and cleaning, preservation, and
packaging operations.

:1.4.5.1.7 Special conditions to be maintained such as environmental controls, specific
cleanliness levels, and precautions to be observed.

3.4.5.1.8 Workmanship standards.
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3.4.5.1.9 Specific inspectionsand/or test operationsto be performedduringfabrication to
provideverificationof designcharacteristics.

3.4.5.1.10 Special handlingequipmentand protectivedevices[e.g. ElectrostaticDischarge(ESD) control].

3.4.5.1.11 Traceabilityto the individualperformingthe operationand to the inspection
personnelverifyingcompliance.

3.4.5.1.12 Traceability to the FMECA whereapplicable.

3.4.5.1.13 Configurationdata, includingpartslists,drawings,changes,specifications,and
identificationdata, to ensure fabricationto the properdesignrequirements.
3.4.5.1.14 Reserved

3.4.5.1.15 When NASAhasspecifiedsourcecontrolinspectionsfor subtierpurchases(as
identifiedin3.4.4.2) thecontractorsQAorganizaUonshallensurethat NASAMandatoryInspection
Points(MIPs)[inaccordancewith criteda providedto the contractorbythe NASA Quality Assurance
Representative (QAR)] are incorporated into the detailed planning. The contractor's quality
organization shall then coordinate with the government QAR for MIP coverage.

3.4.5.1.16 For in-house fabrication, assembly and test the contractors quality organization
shall ensure NASA MIPs (in accordance with cdteria provided to the contractor from the NASA
QAR) are incorporated in the detailed planning. Quality Assurance shall then coordinate with
the NASA QAR for MIP coverage.

3.4.5.2 Article and Material Control

The following controls shall ensure that only conforming articles and materials are accepted andused:

3.4.5.2.1 Data shall be maintained for articles identified as having characteristics of quality
degradation or drift with age and/or use. The date, time, or cycle from which useful life is
calculated; the date, time, or cycle at which the useful life will be expended; and the incurred
operating time or cycles shall be recorded.

3.4.5.2.2 Quality Assurance shall verify that requirements for articles and materials to be
fabricated, processed, inspected, or tested in a temperature, humidity, electrostatic discharge
(ESD), or contamination-controlled environment are properly implemented.

3.4.5.2.3 Quality Assurance shall verify, prior to initial use and at established intervals
thereafter, the accuracy of production jigs, fixtures, tooling masters, templates, patterns, and
other devices used for inspection.

3.4.5.3 Contamination Control and Cleanliness

Quality Assurance shall assure that contaminant-sensitive items are cleaned and controlled in
accordance with documented procedures to the levels specified in the applicable technical
documents and are maintained to these cleanliness levels. These procedures shall cover

hardware, equipment, and personnel, and control of such areas as fabrications, assembly,
inspection, test, and storage. Specificcleanliness levels to be maintained for systems,
subsystems and major components shall be indicated on drawings, specifications, or other
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documents controllingthe manufactureand test of those items. Quality Assuranceshall assure
that cleanroomdisciplinesand proceduresare properlyimplementedand monitoredto assure
continuingcompliancewith requirements.

3.4.5.4 Process Controls

3.4.5.4.1 Quality Assuranceshall implementcontrolsfor thoseprocesseswhere uniform,high
qualitycannot be assured by inspectionof articlesalone. Theseprocessesinclude,but are not
limitedto, metallurgicaland chemicalprocesses,soldering,welding, potting, bondingprocesses,
platingand coating processes,and surface treatingprocesses.These controlsshall assurethat
special processesare performed by certifiedpersonnel;that facilities,equipment, materials,and
proceduresare adequate,maintained,and properlyused; and that recordsare controlled.

3.4.5.4.2 An up-to-date list shall be maintained of all process-control procedures and
process specifications used in the fabrication, control, and inspection of the materials and
articles. Seller process specifications shall be available for review by the Buyer or its delegated
representative. The Seller shall also furnish singular information from the subcontractors upon
request. Requirements for disclosure of contractor's and subcontractor's proprietary process
specifications shall be established with NASA on an individual basis.

3.4.5.5 Nondestructive Evaluation

Nondestructive Evaluation (NDE) methodsshall be used, as required by engineering
specifications,and controlledto ensure qualityhardware. NDE standardsshallbe usedor
preparedbasedon hardware configurationsand geometry. Quantitativeacceptanceor
rejectioncriteriashallbe establishedfor each NDE application.PersonnelperformingNDE
processesshall be trainedand certifiedintheirproperuse andapplication.

3.4.5.6 Workmanship

Where samples or visual aids showing acceptable workmanship are necessary, they shall be
selected by the contractor, subject to review by NASA or its designated QAR. Standards shall
be reviewed and revised or replaced, as necessary, to satisfy current requirements. Standards
shall contain appropriate product acceptancelrejection criteria.

3.4.5.7 Control of Temporary Installations and Removals

Quality Assurance shall maintain a log or otherwise ensure the management and control of
articles or components that are temporarily installedor removed to facilitate manufacturing,
testing, shipping, or handling of the end item. The control shall be initiated upon installation or
removal of the first temporarily installedor removed item and shall be maintained until delivery
to prevent them from becoming a part of the final configuration.

3.4.5.8 Quality Assurance Designees

A systematicapproachmay be developedto designatecertaintrainedandqualifiedengineers,
manufacturingand test personnelto represent QualityAssurancein performingselected
inspectionandtest functions. The approachshall be describedin theQualityPlan. The
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selected inspection and test functionsshall exclude those processes, inspections,and tests that
are required to verify cdticalcharacteristicsor where reinspectioncannot be readily
accomplisheddue to further assemblyor installationof hardware.

3.4.5.9 Inspection Procedures

Where inspectionoperationsare complexand difficultto perform,QualityAssurance shall
assure the preparationof specificallyplannedproceduresto assureaccuracyand validityof
data andsupplementthe normalfabricationand inspectionplanning. These _roceduresshall
be controlledand shall be basedon currentdesigninformation.

3.4.6 Test Controls

3.4.6.1 Verification

Quality Assuranceshallverify teststhat demonstrateprogram,contract,drawing,and
specificationrequirementshave beensatisfiedon all articlesand materialsprocuredand
produced. Quality Assuranceapprovalof test resultsshallbe providedto showthat the quality
inherentinthe designis maintainedinthe articlesproduced. Quality Assuranceshallreview
the testor verificationplanto ensureinclusionof pertinentqualityrequirements.

3.4.6.2 Test Procedures

Approved testproceduresshall be readilyavailableto inspectionand testpersonnelat the
applicable locationat the time of inspectionor test. QualityAssuranceshallassure that test
procedures includethe followinginformation:

3.4.6.2.1 Nomenclature and identificationof the test article or material.

3.4.6.2.2 Characteristics and design criteria including values and tolerances for
acceptance and rejection.

3.4.6.2.3 Identification of characteristics and design criteda specified for verification.

3.4.6.2.4 Detailed steps and operations to be taken in sequence including verifications to
be made before proceeding.

3.4.6.2.5 Identification of measuring or NDE equipment to be used specifying range andtype.

3.4.6.2.6 Details or instructionsfor operationof special data recordingequipment.

3.4.6.2.7 Layout of interconnection of test equipment and articles.

3.4.6.2.8 Identification of hazardous situations or operations.

3.4.6.2.9 Precautions to comply with established safety requirements, ensure safety of
personnel, and to prevent damage or degradation of articles and measuring equipment.

3.4.6.2.10 Environments and.other conditions to be maintained.

3.4.6.2.11 Identificationof any referencedrawings,specifications,workmanshipstandards,
and/orreference documentsrequiredto enable fullcomprehensionof test requirements.
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3.4.6.2.12 Constraints on inspection or testing.

3.4.6.2.13 Special instructions for nonconformances, anomalous occurrences, or results.

3.4.6.2.14 Details of sampling plans used.

3.4.6.2.15 Details of NDEs.

3.4.6.2.16 Identification of steps that involve critical items or requirements.

3.4.6.2.17 Configuration/revision level of hardwarelsoftwara used during test.

3.4.6.3 Test Performance

Quality Assurance shall assure that tests are performed in accordance with approved
procedures and that any deviations to the test procedures are properly recorded and approved.
Each test operation shall be traceable to the individual responsible for its accomplishment.
Articles undergoing test shall not be adjusted, modified, repaired, reworked, or replaced except
as authorized by propedy approved documents. Quality Assurance test verification shall
include the following:

3.4.6.3.1 Prior to testing, Quality Assurance shall verify that approved test procedures are
available, that test equipment is calibrated and properly configured, that the facility is properly
configured, that all manufacturing and lower level test operations are complete, and that the
configuration of the test article is correct and ready for test.

3.4.6.3.2 During testing, Quality Assurance shall verify that testing is performed in
accordance with approved test procedures or that procedure deviations are recorded, that test
data are accurately recorded, and that all known nonconformances are documented.

3.4.6.3.3 Subsequent to testing, Quality Assurance shall vedfy that test results and data
are complete and traceable to the test articles, that proper dispositions of articles have been
made, that nonconformances are documented, that remedial action and recurrence control
action are initiated and that integrity control of test articles is properly established and
implemented.

3.4.6.3.4 Documentation shall include procedures for the development, verification and
control of computer softwarelfirmware used in conjunction with measurement and test
equipment for acceptance of articles.

3.4.6.4 Inspection and Test Records and Data

3.4.6.4.1 Records

Records and data of all inspections and tests performed shall be prepared and maintained in
sufficient detail to verif_and evaluate the statusof articlesand materials.

3.4.6.4.2 AcceptanceData Package(ADP)

ADPs shallbe preparedand maintainedin accordancewithcontractdata requirementsand
withPDRD QA12 inAppendixXV. QualityAssurance shallensuretheADPs are preparedand
maintained.
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3.4.6.4.3 Acceptance Review (AR)

Quality Assurance shall participate in ARs to assure compliance with documentation require-
ments. The following information, items 3.4.6.4.3.1 through 4.3.6.4.3.10, shall be provided for
review at the AR. Additionally, item 4.3.6.4.3.11 shall be readily retrievable at the AR.

3.4.6.4.3.1 A summary of test and checkout operations and results with anomalies
encountered, failure history, remedial actions,and recurrencecontrol.

3.4.6.4.3.2 The statusof any openwork, includingopen itemsfrom previousreviews,
shortages,nonconformances,unincorporatedengineeringchanges,etc., and constraintsonfurther activities.

3.4.6.4.3.3 Identificationof waivers/deviationsandverificationof approvals.

3.4.6.4.3.4 Identificationof limitedlife componentsandtheirremaininglife.

3.4.6.4.3.5 A comparisonof as-designedversusas-builtconfigurationlistingsand rationale
for any differencesfrom approvedbaselinedesigns.

3.4.6.4.3.6 The test procedureand testdata for all end itemacceptancetests includingstrip
charts, deviations, and other data applicable to evaluate test records.

3.4.6.4.3.7 Completed deliverable ADPs.

3.4.6.4.3.8 A "Material Inspection and Receiving Report" (DD Form 250) and/or other
contractually authorized documents prepared for signature.

3.4.6.4.3.9 Records of all open nonconformances occurring during manufacturing and test ofthe end-item.

3.4.6.4.3.10 Handling, shipping, storage, preservation, packing, and packaging instructions,
including environmental constraints, identification of hazards, and maintenance requirementsand user manuals.

3.4.6.4.3.11 In addition, all supporting documentation, which may be required to establish
equipment acceptability, should be readily retrievable. This includes, but is not limited to,
engineering drawings, schematics,supplier ADPs, test specifications,closed nonconformances,
fabrication,inspection,andtest records,etc.

3.4.7 Nonconforming Articles and Materials

3.4.7.1 Nonconformance Control System

QualityAssuranceshallestablish,implement,andmaintaina documentedclosed-loopsystem
for controllingnonconformances.Thissystemshallincludeprovisionsfor recording,analysis,
remedialaction, recurrencecontrol,verification,and feedbackof data on articlesandmaterials
whichdo notconform to drawings,specifications,or other requirements. Specialemphases
shallbe placed on trackingandresolvingrepetitivenonconformances.The contractorshall
assure thatsubcontractorsand suppliersimplementa closed-loopsystemwhichcomplieswith
the requirementsof thisparagraph.

m
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3.4.7.2 Identification of Nonconformances

Nonconformances shall be documented in accordance with contract data requirements.
Nonconformance recording shall commence with initial receipt of materials or articles for NASA
procurementand continuethroughall subsequentphasesof the program. Nonconformingarticles
or materialsshall be identified,segregatedto the extent pre_cable, and held for disposition.

3.4.7.3 Nonconformance Evaluation

Appropriate analysis and examination of nonconforming articles, materials, or conditions shall
be conducted to determine the cause or reason for the nonconformance and to record further
action.

3.4.7.4 Nonconformance Dispositions

The contractor may disposition nonconforming articles or materials without the participation of
NASA or its delegated representatives as follows:

3.4.7.4.1 Return to Supplier

When, on receipt, an article or material is found to be nonconforming, it should be returned to
Ihe supplier. The contractor shall provide the supplier with sufficient nonconformance
nformation to allow correction of the defect and development of corrective action to preclude
"ecurrence.

3.4.7.4.2 Returnfor Reworkor Completionof Operations

:_eworkor completionof operationsshallbe performedusingestablishedfabrication,
,nspection,and testdocuments.

:3.4.7.4.3 RecurrenceControl

QualityAssuranceshallassurethe evaluationof all nonconformancesto determine causeand
actionrequiredto precluderecurrence. Evidenceof suchactionshallbe documentedon each
nonconformancereportpriorto close-out. Recurrencecontrolshallinclude,but shall notbe
limitedto, correctionof technicaldocumentsand correctionof otherarticlesand materialsat all
locations. Recurrencecontrolshallnot precludecontinuedprocessingof the nonconforming
article or materialduringthe investigationfor identificationof cause and correctiveaction.

3.4.8 Metrology

3.4.8.1 Metrology Controls

A documentedmetrologysystemshallbe establishedandmaintainedto ensurethat
measurementstandardsand equipmentprovideobjectiveevidencethat articles andmaterials
producedor procuredare in compliancewithspecifications,drawings,andprogramand
contractualrequirements. All new or repairedmeasurementstandardsand equipmentshallbe
inspectedand/or tested priorto use. Documentationof thiseffort shallbe maintainedand
made availablefor reviewby the designatedNASA QAR.
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3.4.8.2 Calibration Records

Individual records of measurement standards and equipment calibration shall be maintained.
These records shall include, but are not limited to, the following:

3.4.8.2.1 Identification of standard or equipment to be calibrated.

3.4.8.2.2 Identification of standard or equipment and calibration procedure used in the
calibration process.

3.4.8.2.3 Calibration intervals.

3.4.8.2.4 Dates and results of each calibration.

3.4.8.2.5 Due date of next calibration,

3.4.8.2.6 Individual(s} performing calibration.

3.4.8:2.7 Calibration facility.

3.4.8.2.8 Degree of nonconformanceof standardsor equipment received for calibration.

3.4.8.3 Measurement Accuracy

Random and systematic errors in any calibration measurement shall not exceed 25 percent of
the tolerance of the parameter being measured. The contractors calibration system description
may include provisions for deviating from the uncertainty requirements provided the adequacy
of the calibration is not degraded. All deviations shall be recorded.

3.4.8.4 Calibration Controls

3.4.8.4.1 Facility

Eachorganizationshall have itsown facilityfor calibratingmeasurementstandardsand equipmentor
shallusethe services of an outsidefacilitywhich meetsthe requirementsof thisparagraph.

3.4.8.4.2 Traceability

All measurement standards shall be traceable to standards maintained by the National Institute
of Standards and Technology (or equivalent) or their values shall be derived from a controlled
measurement process utilizing a fundamental constant of nature.

3.4.8.4.3 Handling, Storage, and Transportation

All measurement standards and equipment shall be handled, stored, and transported in
accordance with documented procedures which shall preclude equipment damage or
degradation of accuracy.

3.4.8.4.4 Identification and Labeling

All measurement standards and equipment shall be uniquely identified and labeled, tagged, or
coded to indicate calibration status and due date of next calibration.

3.4.8.4.5 Calibration Intervals
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Calibration intervalsshall be established,documented,and periodicallyreviewed. Intervals
shall depend upon the use, accuracy,type of standard orequipment,and otherconditions
affectingthe measurementprocess.

3.4.8.4.6 Recall System

All standardsand equipmentusedin measurementprocessesshallbe recalledand recalibrated
at establishedintervals. Standardsandequipmentnot recelibratedon or beforethe recalldue
date or damaged inuse shallbe removedfromservice or otherwiserestrictedfrom use.
Authorizationfor exceptionshall be obtainedfor the Buyer.

3.4.8.4.7 EnvironmentalRequirements

Environmentalconditions(i.e. temperature,humidity,vibration,cleanliness)shall be compatible
withthe requirementsof the articleand materialand calibrationmeasurementprocess.

3.4.8.5 Action and Recurrence Control

Recurrencecontrolshall be taken relativeto nonconformingmeasurementstandardsor
equipment. The calibrationauthorityshallnotifyprogramusersof the nonconforming
measurementstandardsor equipmentas to theextentof nonconformingmeasurements. The
responsibleusersshallperforma riskassessmentfor articlesor materialpreviouslymeasured
usingsuchequipmentand take remedialactionif necessary.

3.4.9 Stamp Controls

QualityAssuranceshall establishand maintaindocumentedstamp andmarking-material
controlsystemswith proceduresthat providefor the following:

3.4.9.1 Stamp and Marking Materials

Stamps,decals, seals, torquewax, paints,signatures,andothermarkingdevicesor materials
shallbe used, as appropriate,to identifythat articlesand materialshave undergonesourceand
receivinginspection; in-processfabricationand inspection;end-itemfabricationand
inspection;and end-itemtesting,storage,andshipment.

3.4.9.2 Stamp Traceability

Stampsshall be traceable to individualsresponsiblefor their use, and records shallbe
maintainedto identifyindividualswithspecificstamps. Unissuedstampsshallbe keptsecureto
prevent unauthorizeduse. Stamps issuedto personnelbeingtransferredor terminatedshallbe
returnedand shallnot be reissuedfora periodof at leastsixmonths. Worn or damaged
stampsshallbe destroyedat the time replacementsare issued. The identificationsymbols
(e.g., numbersand letters)of loststampsshall be withdrawnfrom use. The use of any stamp
by an individualother thanthe holderof recordis specificallyprohibited.Periodicchecksshall
be madeto assurethat stampsare in possessionof the individualto whomthey are issuedand
thatthey are not worn or damaged.

3.4.9.3 Stamp Application
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Stampsshall be applied to records to indicate the fabrication or inspectionstatus of associatedarticles and materials.

3.4.9.4 Electronic Data Control

Verification�validation/acceptance requirements for computerized data entry and retrieval

systems and computer generated drawings and documents shall address alternatives to stampuse for certification.

3.4.9.5 Stamping and Marking Application

Stamps shall be applied to tags, cards, or labels or attached to individual articles and materials
or their containers as appropriate.

3.4.9.6 Status Stamping

Stamps indicating that fabrication, inspection, or test operations have been performed may beapplied directly to articles and materials.

3.4.9.7 Stamping Methods

Stamping methods and marking materials must be compatible with the articles and their use.

3.4.9.8 Stamp Significance

An up-to-datedescriptionand explanationof the significanceof all stampsshallbe maintained.

3.4.9.9 Contractor Stamp Design

The designof contractor's stampsshallbe suchthat fabricationand inspectionstampsare
distinctlydifferent. Contractorstampsshall not exhibitthe designationNASA, or abbreviations
of any NASA installationwithoutNASA consent.

3.4.10 Handling, Storage, Preservation, Marking, Labeling, Packaging, Packing, andShipping

3.4.10.1 Procedures and Instructions Control

Quality Assurance shall review and approve, prior to their release, all technical documents
pertaining to handling, storage, preservation, marking, labeling, packaging, and shippingoperations.

3.4.10.2 Handling, Hoisting, or Lifting

3.4.10.2.1 All handling equipment used to handle Program Hardware shall be prominently
marked to indicate the maximum load capacity.

3.4.10.2.2 Hoisting or lifting equipment (e.g. slings) shall be prominently marked to indicate
the maximum load capacity and the due date of the next rated or pedodic load test. Quality
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Assurance personnel willverify that the required test and maintenanceare accomplished within
the specified frequency.

3.4.10.3 Storage

Storage areas for articles and materials shall be controlled. The controls shall include the
following:

3.4.10.3.1 Controlled acceptance into and withdrawal from the storage area.

3.4.10.3.2 Positive identification of limited-life material and removal of materials with
expired shelf life.

3.4.10.3.3 Periodic inspection of stored material, housekeeping, and record keeping.

3.4.10.3.4 Systematicinspectionand/or testingnecessaryto ensure maintenanceof
preservationincludingspecialenvironments.

3.4.10.4 Preservation

QualityAssuranceshallverifythat articlesand materialssubjectto deterioration,corrosion,or
:ontaminationare preserved by documentedmethods.

3.4.10.5 Packaging and Packing

_ 3.4.10.5.1 Quality Assuranceshall verifythat packagingand packingmaterial, procedures,
andinstructionsare used.

3.4.10.5.2 Specialattentionshall be directedtowardcritical,sensitive,dangerous,and high-
Jaluearticles. Reusablecontainersshall be inspectedpriorto each use.

3.4.10.6 Marking and Labeling

:_ualityAssuranceshallverify that markingandlabelingfor packaging,storage,andshippingof
.articlesand materialsare performedinaccordancewithapplicablespecifications.Special
.attentionshall be givento cdtical,sensitive,dangerous,and high-valuearticles.

3.4.10.7 Shipping

3.4.10.7.1 Control

:3ualityAssurance shall verify the following:

3.4.10.7.1.1 Articles and materials have been prepared and packaged in accordance with
.applicableprocedures and requirements and have been properly identified and marked. In the
,absenceof special packing and marking requirements, packingand marking shall comply with
Jnited States Department of Transportation, Interstate Commerce Commission, and other
,aovemmental rules and regulations, as applicable.

:3.4.10.7.1.2 Accompanying documents have been properiy identified as to inspectionstatus
I)y appropriate inspection stamps and the data package is complete.
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3.4.10.7.2 UnscheduledRemoval

The contractorshallnotifythe designatedNASA QAR intheevent of any unscheduledremoval
of an article or materialfrom itscontainer. The extent of reinspectionand retest shall be
authorizedby NASA QAR.

3.4.11 Control of NASA Property

3.4.11.1 Contractor Responsibility

Contractor Quality Assurance shall ensure that a documented system for controlling NASA
property and associated documentation has been established and is maintained as follows:

3.4.11.1.1 Upon receipt, contractor Quality Assurance shall inspect NASA property to
detect damage intransitand to verify that the articleand itsADP are complete and as specified
inthe shippingdocuments. Articlesfoundto be serviceableshallbe represervedand
repackagedunlessthe articlesare to be used immediately.Shouldthere be evidenceof

damage intransit,thearticle shallbe inspectedto determinetheextent of damage and a report
of the damage providedto the designatedNASA representative. Receivinginspectionresults
shall be recordedinthe historicalrecordfor the article.

3.4.11.1.2 When functionaltestingis performedon NASA propertyduringreceiving
inspectionor prior to installationintothe next level of assembly,the designated NASA
representativeshall be notifiedand may participateinthe testingactivity.

3.4.11.1.3 Documentedproceduresshalldescribethe controlof approvedstorageareas for
NASA property. Controlsshall includelimitedpersonnelaccess,controlledreceiptand
withdrawal, identificationof articlestatus, inventorylistof articlesinthe area, scheduled
inspectionof the area and periodicverificationof the inventorylist,controlsfor itemsthat must
be environmentallyprotected.

3.4.11.1.4 The contractor shall provide for the protection,maintenance,calibration, periodic
inspection, segregation, and controls necessary to ensure that quality of NASA property is
maintained and that damage and deterioration do not occur during handling, storage,
installation, or shipment.

3.4.11.1.5 NASA property shall not be diverted or loaned from its assigned purpose without
the prior approval of the designated NASA representative.

3.4.11.2 Unsuitable NASA Property

NASA property found to be damaged or otherwise unsuitable for its intended use shall be
identified as nonconforming, segregatedto the extent practicable, held for review, and analyzed
to ascertainthe probablecause of damage. When cause is determinedto be inthe contractor's
operationsor activities,actionshall be taken to preventrecurrence. Dispositionshall not be
assignedto discrepantNASA propertynorshallthispropertybe reworked,repaired,modified,
or replacedwithoutthe specificwrittenauthorizationof NASA. NOTE: Paragraph3.4.7.5 mayapply.
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4. QUALITY ASSURANCE PROVISIONS

4.1 GENERAL REQUIREMENTS

4.1.1 General Verification Guidelines and Criteria

The Sellershalluse the followinggeneralrequirementsindevelopinga verificationprogram.

A. Each performanceand designrequirementspecifiedin Sections3 and 5 of thisspecification
shall be verifiedby test,assessment,or analysisin supportof certificationof thedesignforoperationaluse.

B. Verificationof maintainability,accessibility,and ease of operationshallbe demonstrated.

C. As a generalguideline,off-limittestingwillnot be conducted. However,off limittestingwillbe considered:

1. When designmarginsare relativelysmallwithrespectto off-nominalabort conditions.

2. When uncertaintyexistsin thedefinitionof the designcriteria.

3. When singlefailure pointmodesexist.

4. When correspondinganalysisis insufficientor morecostlythan test.

Testingof thisnaturemusthave priorapprovalof the Buyerand musthave considered
preservationof at leastone specimenof certificationhardwarefor later testing.

D. Applicationof non-destructiveevaluation(NDE) techniquesfor materialsand parts shallbeverified.

E. Certificationshallbe structuredto verify the full range of the designrequirementsunder
specifiedenvironments.

F. Wherever practicalandtechnicalsound,acceleratedlife test techniquesshallbe utilized.

G. Testingshallbe conductedat the mostcost effectivelevelof assembly.

H. Allqualificationtestspecimensshallbe processedthroughspecifiedacceptancetestingpriorto qualificationtest.

I. Where redundancyin designexists,each redundancyshallbe verifiedthroughnormal
outputsourcesdesignedfor that purpose.

4.1.2 Test Conditions

4.1.2.1 Standard Test Conditions

Environmentalstandard test conditionsfor tests required by thisspecificationshall be: an

atmosphericpressureof 13.8 plus1 or minus2.2 psia (28.5 plus2 or minus4.5 inchesof Hg),
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a temperature of 73 plus or minus 18 °F (22.8 plus or minus 32.4 °C) and a relativehumidity of
50 plusor minus30 percent.

4.1.2.1.1 ForcedAir CooledEquipment

When operationof theunitunder test is requiredduringenvironmentalexposure,coolantin
accordancewith specificationrequirementsshallbe supplied. Duringtests inwhich the ambient
temperature is other than standardroomambient,the coolanttemperatureshallbe at design
extremesand "in-phase"withthe testchambertemperature. If the use of coolantwillhave no
effect upontest resultsfor a particularenvironment,the requirementto use coolingshallbe at
the discretionof the Seller.

4.1.2.1.2 ForcedAir Temperatures

Inletair temperaturerangesfor forcedair cooledequipmentshallbe plus60 °F to plus80 °F
(plus15.6 to 26.7 °C) unlessotherwisespecifiedherein.

4.1.2.2 Test Tolerances

Test tolerances shall be usedas follows:

A. Pressure: +5 percentor ±1.5 mm. (0.059 inch)of mercury,whichever
providesthe greatestaccuracy.

B. Temperature: +_2.5OF(1.4 °C) at the controlsensor. The equipmentsensor
responsetime (T) shall be20 secondsor less. Temperature
gradientacrossthe cross-sectionalarea occupiedbythe test
itemshall notexceed 0.5 °F (0.3 °C) perfoot inany direction,
butnever morethan4 °F ( 2.2 °C) total (equipment
nonoperating).

C. Humidity ±5 percentat the controlsensor

Note: (T) is the time requiredfor thesensingsystemto respondto 62.3 percentof a step
change intemperatureinthe measuredenvironment.

4.1.2.2.1 RandomVibration

Test tolerancesand proceduresfor randomvibrationshallbe in accordancewiththe following:

4.1.2.2.1.1 AcceptanceTest

The followingtest tolerancesshallapplyfor parametersassociatedwithacceptancetests.

A. The toleranceson accelerationspectraldensityshallvary with analyzerfilterbandwidth.
The desiredanalysissystemshouldprovidemore than 100 statisticaldegrees of freedom;
however,in no case shall the analysissystemprovidelessthan 50 degreesof freedom.
Toleranceson accelerationspectraldensityare as follows:

m
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SpectrumfrequencyNormalfilter band-Tolerances,
band, Hz width, Hz dB

20-100 10 or less 1.0
-3.0

100-350 25 or less 1.0
-3.0

350-2000 50 or less 1.0
-3.0

20-100 5 or less 1.0
-4.5

100-350 10 or less 1.0
-4.5

350-2000 25 or less 1.0
-4.5

Note: Normal filter bandwidthsare the differenceinfrequencyas determinedat the half-points.

B. Exceptionto the precedingaccelerationspectraldensitytolerancesinfrequencyrangeof
200 Hz to 2000 Hz are permittedaccordingto the followingcriteriawhichshall be usedfor
approvalof random vibrationacceptancetests.

1. The totalnumberof allowablepeaks andvalleysis notto exceed four in any
combinationwhichcomplieswiththe criteriabelow.

2. Peaks whichexceed the uppertolerancelimitare acceptableif there are not morethan
three, the tolerancelimitis notexceededby morethan +1o5dB, and the peak widthat
the 1/2-powerpointis lessthan 5 percentof the centerfrequency of the peak.

3. Valleyswhichextend belowthe lowertolerancelimitare acceptableif there are no more
than three, the tolerancelimitis notexceededby morethan -3 dB, and the valleywidth
at 50 percent of the valleydepthis less than 5 percentof the center frequency of the
valley.

C. The tolerance on overall root-mean-square acceleration shall be +_10percent as measured
by a true rms voltmeter with a 200-Hz cutoff filter of at least 12 dB per octave.

D, The tolerance on frequency shall be +_10percent.

E. The tolerance on test duration shall be +10 percent, -0.

4.1.2.2.1.2 Qualification Test

The following test tolerances shall apply for parameters associated with qualification tests.

A. The toleranceson accelerationspectraldensityshallverywithanalyzerfilterbandwidth.
The desiredanalysissystemshouldprovidemorethan 100 statisticaldegrees of freedom;
however, inno case shalltheanalysissystemprovidelessthan 50 degrees of freedom.
Toleranceson accelerationspectraldensityare as follows:

/
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Spectrum frequencyNormalfilter band-Tolerances,
band, Hz width, Hz dB

10-100 10 or tess 3.0
-1.0

100-350 25 or less 3.0
-1.0

350-2000 50 or less 3.0
-1.0

10-100 5 or less 4.5
-1.0

100-350 10 or less 4.5
-1.0

350-2000 25 or less 4.5
-1.0

Note:Normalfilterbandwidthsare thedifferencein frequencyas determinedat the half-points.

B. Exceptionto the precedingaccelerationspectraldensitytolerancesinfrequencyrangeof
200 Hz to 2000 Hz are permittedaccordingto the followingcriteriawhichshallbe usedfor
approvalof randomvibrationacceptancetests.

1. The totalnumberof allowablepeaksand valleysis notto exceedfour in any
combinationwhichcomplieswiththecriteria below.

2. Peakswhichexceed the uppertolerancelimitare acceptableif there are not more than
three, the tolerancelimitis notexceeded by morethan+3 dB, andthe peak widthat the
1/2-power pointis lessthan 5 percentof the centerfrequencyof the peak.

3. Valleyswhichextend belowthe lowertolerancelimitare acceptableif there are no more
than three, the tolerancelimitis notexceededby morethan -3 dB, andthe valleywidth
at 50 percentof the valleydepth is lessthan 5 percentof the center frequencyof the
valley.

3. The toleranceon overallroot-mean-squareaccelerationshallbe +15 percentand-5 percent
as measuredby a true rmsvoltmeterwitha 2000-Hz cutofffilterof at least 12 dB per
octave.

D. The toleranceon frequencyshallbe _+10percent.

E. The tolerance on test durationshallbe +10 percent,-0.

4.1.2.2.2 Shock

Peak amplitude: +/- 10%
(accelerationvs. time) Pulse duration: +/- 10%

4.1.2.2.3 Acceleration
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Specifiedacceleration: +10%,-0%
Specified duration: +10%, -0%

4.1.2.2.4 Measuring Instrumentation

Allowableerror shall not exceedone-tenthof the tolerancespecifiedfor the parameterbeingmeasured.

4.1.2.3 Thermal Instrumentation

Instrumentation for thermal monitoringand control, as applicable, shall be as follows:

4.1.2.3.1 Test Chamber

Thermal Test chamber shall be as follows:

4.1.2.3.1.1 Volume of Test Chamber

The volume of the test chamber shall be such that the bulk of the item under test will not
interfere with the generation and maintenance of the test conditions. When testing multiple
items simultaneously, the test chamber shall be of sufficient size so that each test unit is
provided uniform environmentalconditionsand is not subjectto nontestenvironments.

4.1.2.3.1.2 Heat Source

The heatsourceof the test facilityshall be so locatedthat radiantheat from the sourcewillnot
falldirectlyon the testitem,exceptwhere applicationof radiantheat isoneof the testconditions.

4.1.2.3.1.3 Location of Temperature Sensors

Unless otherwise specified, thermocouples or equivalent temperature sensors utilized to
determine or control the specified chamber temperature shall be located centrally within the
chamber, in the supply airstream, or in the retum airstream whichever provides the specified
test conditions at the items under test and shall be baffled or otherwise protected againstradiation effects.

4.1.2.3.1.4 Internal Air Circulation

The conditioned air flow shall be suitably baffled to provide uniform air flow around the test item.
If multiple test items are tested, they shall be so spaced as to provide free circulation between
the test items and the chamber walls.

4.1.2.3.2 Test Article

All test articles shall be instrumented in a manner conducive to monitoring the largest intemal
mass of the test article for thermal stabilization and the operating temperature of critical
components. The following shall also apply as applicable:
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A. Thermal Vacuum: Thermal sensors shall be located on the test article surfaces being
irradiated and be thermally insulated from the radiation source.

B. Ambient Pressure: Thermal sensors shall be located on the test article surfaces, but not
between the test article and the heat exchanger.

C. Air Cooling: Sensors shall be located at the cooling air inlet and outlet of the test article to
monitor the delta temperature and delta pressure across the test article.

4.1.3 Test Responsibility and Location

The Seller shall be responsible for implementing the quality assurance requirements specified
herein. Except as otherwise noted, the Seller may use his own facilities or any commercial
laboratory acceptable to the Buyer.

4.2 QUALITY CONFORMANCE

The followingparagraphsof thissectiondefinethe tests,analyses,simulationsand
assessmentsnecessaryto verifythat the requirementsof Sections3 and5 of thisspecification
are met.

4.2.1 Development

;_--_ The Seller shall perform development engineering evaluation of hardware, software,
manufacturingprocesses,and techniquesforthe purposeof acquiringengineeringdata;
identifyingsensitiveparameters;evaluatingthe developmentconfiguration;providingthe
necessaryconfidencethat the hardwarewillmeet the specificationrequirements;and
assurancethat the manufacturingprocesswillproducean acceptableproduct. Development
objectivesshaliencompassthe followingas a minimum:

_,. Designand performancecapability,includingredundancy.

B. Abilityto meet specifiedrequirementswithadequate designmargin.

C. Integrationof each componentand subsystemwith othercomponents,subsystems,
facilities,supportequipment,etc., to be providedfordeliverybythe Seller.

D. Establishmentof process,procedures,equipmentrequirements,and test levelsfor
manufacturing,acceptancetesting,maintenance,checkout,and operationalphasesof the
program.

-'. Identificationof significantfailure mode andeffects.

Determinationof the effect of variouscombinationsof toleranceanddriftof design
parameters.

3. Determinationof the effect of combinationsand sequencesof environmentsand varying
stresslevels.

H. Identificationof safety hazards,parameters, requirements,and procedures.
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4.2.2 Acceptance

Acceptancetestsand inspectionsshall be performedon all APDS LRUs to be employed in
qualificationtest programsand on all APDS LRUsdeliveredto the Buyer. The minimum
numberof testsand inspections,and thesequencethere of, shall be as specifiedinTable Ill.
The Sellershallperform any other testdeemed necessary,subjectto approvalof Buyer.

Table IlL Acceptance Requirements

Paragraphslisted in
Inspection & Test Recommended

Sequence

Examinationof Product 4.2.2.1

InsulationResistance 4.2.2.2.1

DielectricStrengthTest 4.2.2.2.2

Functional and Performance 4.2.2.2

AcceptanceVibrationTest 4.2.2.3

AcceptanceThermal Test 4.2.2.4

AcceptanceHumidityTest 4.2.2.5

Functionaland PerformanceRecheck 4.2.2.2

PostTest Examinationof Product 4.2.2.1

NOTE: Performance testsof 4.2.2.2 shallbe conductedon equipmentbefore and after
acceptancevibrationtests,acceptancethermal tests,and acceptancehumiditytests. Selected
performancetests shallbe conductedduringtheseenvironmentaltestsas specifiedin the
followingparagraphs.

4.2.2.1 Examination of Product

Each APDS Line Replaceable Unit shall be carefully examined to determine conformance to the
requirements of this specification. Particular attention shall be given to weight, workmanship,
finish, dimensions, construction, cleanliness, identification marking, traceability level, and that
certified materials and processes have been used.

4.2.2.2 Functional and Performance Tests

Functional and performance tests shall be conducted on all deliverable equipment to establish
compliancewith the functional/performancerequirementsof Section3. Tolerance bandsor
pass-faUperformance criteria,basedon performancedesignrequirements,shallbe establishedfor each parameter.

4.2.2.2.1 InsulationResistanceTest
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TheAPDSLRUsshallbesubjectedto aninsulationresistancetestinaccordancewith 3.1.2.1.6.5.

4.2.2.2.2 DielectricStrengthTest

The APDS LRUs shallbe subjectedto a dielectricstrengthtest in accordancewith 3.1.2.1.6.6.

4.2.2.3 Acceptance Vibration Test (AVT)

The APDS LRUs shall be subjected to random vibration, in each of three orthogonal axes, in
accordance with the spectral density envelope specified below. The vibration duration shall be

60 seconds per axis. Should retest be required, the total accumulative vibration test time in any
axis shall not exceed 900 seconds without prior Buyer approval. Tolerances, procedures and
test criteria for vibration shall be in accordance with 4.1.2.2. Full performance tests in
accordance with 4.2.2.2, including continuity checks of selected circuits, shall be conducted
before and after the vibration test.

Acceleration Spectral Density:

20 to 80 Hz Plus 3 dB/octave

80 to 350 Hz 0.04 g21Hz
350 to 2000 Hz Minus 3 dB/octave

4.2.2.4 Acceptance Thermal Test (ATT)

The APDS LRUs shall be thermal cycled from ambient to maximum operating temperature, to
minimum operating temperature, to maximum operating temperature, and back to ambient
temperature with continuity monitored throughout: Rate of change shall not exceed 648 °F
(360 °C) per hour, nor be less than 60 °F (33°C) per hour. Dwell at each limit temperature shall
be a minimum of 60 minutes after thermal stabilization of the test article. Insulation resistance
tests in accordance with 4.2.2.2.1 shall be conducted at each high and low temperature
extreme. Should retest be required, the total accumulative thermal test cycles shall not exceed
5 cycles without prior Buyer approval. Full performance tests in accordance with 4.2.2.2 shall
be conducted before and after the thermal test.

4.2.2.5 Acceptance Humidity Test

The APDS LRUs shall be subjectedto a humiditytest in accordancewith the following:

4.2.2.5.1 Chamber

Thechamberandaccessoriesshallbe constructedand arrangedin sucha manneras to avoid
condensatedrippingon the equipment. The chambershallbe trap-ventedto theatmosphereto
Dreventthe buildupof total pressure. Relativehumidityshallbe determinedfromthe dry bulb-
wetthermometercomparisonmethodor an equivalentmethodapprovedbythe Buyer. When
readoutchartsare used, theyshallbe capableof being readwitha resolutionwithin
3.6 °C (1 °F). When thewet bulbcontrolmethodis used, thewet bulbandtankshall be
:leanedand a new wickinstalledat least every30 days. The air velocityflowingacrossthewet
3ulbshallbe not less than 900 feet per minute. Provisionsshallbe made forcontrollingthe
•tow of air throughoutthe internalchambertest spacewherethe velocityof air shallnotexceed
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150 feet per minute. Steam or distilled, demineratized,or deionized water havinga pH value
between6.0 and 7.2 at 23 °C (73 °F) shallbe usedto obtainthe specifiedhumidity.

4.2.2.5.2 Procedure

Conductperformancetestsper 4.2.2.2.

Place equipmentintest chamberper 4.1.2.3.1.

Exposethe equipmentto a temperature of 68 to 77 °F (20 to 25 °C) at a relative
humidityof 95 ± 3 % for 48 hours,andconductinsulationresistancetests per4.2.2.2.1 in
the testchamber at the endof thisexposure.

Dry theequipmentat 95 to 122 °F (35 to 50 °C) for 2 hours.

Remove equipmentfrom test chamber.

Conductperformancetestsper 4.2.2.2 and inspectequipmentto detect evidence
of physicaldegradation (suchas corrosionof metal parts, distortion,and insufficient
lubricationof movingparts).At theSellers option,theseperformancetestsmay be conducted
at theendof theexposurewiththe equipmentstillinthetestchamber.

4.2.3 Assessment

Verificationby assessmentmethodsshallbe usedto verifydesignfeatures. These methods
employthe orderlyreviewandevaluationofdesigndocumentationorvisualinspectiontechniquese.g.,
mockupforms,fitchecks,maintainabilityaccess,tolerances,safetywiringandplacards.

4.2.3.1 Reliability

Compliancewith the reliabilityrequirementsof 3.2.3 shallbe verifiedby assessmentof designdrawings.

4.2.3.2 Materials and Processes

Compliance with requirements for materials and processes in 3.3.1.1 which cannot be verified
by test or analysisshall be verified by assessmentof design drawingsand processspecifications.

4.2.3.3 Parts Standardization

Compliance with standard parts in accordance with 3.3.1.2 shall be verified by assessment of
design drawings.

4.2.3.4 Electrical Design Requirements

Compliance with the electrical design requirements of 3.3.3.2 which cannot be verified by
analysis or test shall be verified by assessment of design drawings.

4.2.3.5 Interchangeability

FORM M 131-H-2 REV 9-87 7-17-98



Compliance with the interchangeabilityrequirementsof 3.3.5 shall be verified by assessment of
designdocumentation.

4.2.3.6 Human Performance/Human Engineering

Compliance with the human-performance and human-engineering requirements of 3.3.10 shall
be verified by assessment of the design drawings.

4.2.3.7 Safety

Compliancewith the safetyrequirementsof 3.3.9shallbe verifiedbyanalysis,reviewof implementation
of hazardcontrols,and evaluationof designdrawingsand testdata, asapplicable.

4.2.3.8 Identification and Marking

Compliance with the identification and marking requirements of 3.3.4 shall be verified by visual
inspection and assessment of design drawings.

4.2.3.9 Maintainability

Compliance with the maintainability requirements of 3.2.4 shall be verified by assessment of
design drawings.

"_" 4.2.4 Certification

The Seller shall certify the requirements of Section 3 and 5 by the methods specified below;
however, the Seller shall utilize his expertise and experience in the hardware design and submit
to the Buyer for approval, his most cost effective and practical approach to certify these
requirements wherever possible by analysis or assessment in lieu of test.

4.2.4.1 Qualification Tests

Qualification testing performed to satisfy the requirements specified in the performance and
design verification matrix (Table V) shall be in conformance with the requirements of this
paragraph. Qualification test specimens shall be subjected to the tests specified in Table IV.
The test sequence shall be submitted for Buyer approval.
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Table IV. Qualification Requirements

Sequence Paragraphs
AcceptanceTest (REF) 4.2.2
PerformanceTests 4.2.4.1.2
TransportationTest 4.2.4.1.11
Power Test 4.2.4.1.7
Vibration 4.2.4.1.4
Acceleration 4.2.4.1.5
Shock 4.2.4.1.6
Thermal Vacuum Test 4.2.4.1.10
Qualification Humidity Test 4.2.4.1.3
*EMC Test 4.2.4.1.9
*Lightning 4.2.4.2.12
Life 4.2.4.1.12
Final Performance Tests 4.2.4.1.2

NOTE: Performance tests of 4.2.4.1.2 shall be conducted on equipment before and after every
qualification test sequence. Selected performance tests shall be conducted during these tests
as specified in the following paragraph.

* Test and analysis will be conducted and documented by Buyer

4.2.4.1.1 Test Hardware

Qualification-test hardware shall be of the same configuration as flight hardware.

4.2.4.1.2 PerformanceRequirements

The APDS LRUs shall be subjected to complete performance tests before and after each
environmental test and to selected functional and performance tests during each environmental
exposure. Parameter shifts during or after each environment shall not exceed the absolute
value of the allowable difference between the acceptance and qualification test limits for each
parameter. Where complete performance verification cannot be accomplished during the
environmental exposure because of limited test time, the most ¢dticel functions shall have
priority. Tolerance bands or pass fail criteda shall be established for each parameter.
Additionally any special tests necessary to verify the overall performance of the APDS shall be

performed prior to environmental testing and following completion of all environmental testing.

4.2.4.1.3 Qualification Humidity Test

The APDS LRUs shall be subjected to a humidity test in accordance with the following:

4.2.4.1.3.1 Chamber

The chamber and accessories shall be constructed and arranged in such a manner as to avoid
condensate dripping on the equipment. The chamber shall be trap-vented to the atmosphere to
prevent the buildup of total pressure. Relative humidity shall be determined from the dry bulb-
wet thermometer comparison method or an equivalent method approved by the Buyer. When

FORMM131-H-2REV9-87 7-17-98



CODEIOENT. NO. 03_3
NUMBER

JSC 26938

readoutcharts are used, they shall be capable of beingread witha resolutionwithin
0.6 °C (1 °F). When the wet bulbcontrolmethodis used, the wet bulband tankshallbe
cleaned anda new wickinstalledat leastevery 30 days. The air velocityflowingacrossthe wet
bulb shall be notless than 900 feet per minute. Provisionsshall be madefor controllingthe
flowof air throughoutthe internalchamber test spacewherethe velocityof air shallnot exceed
150 feet per minute. Steam or distilled,demineralized,or deionizedwater havinga pH value
between6.0 and 7.2 at 23 °C (73 °F) shallbe usedto obtainthe specifiedhumidity.

4.2.4.1.3.2 Procedure

Conductperformancetestper4.2.4.1.2.

Step2 Place equipmentintest chamberper4.1.2.3.1.

Steo3 Exposetheequipmentto a temperatureof 68 to 77 °F (20 to 25 °C) at a relative
humidityof 95 _+3 % for 96 hoursand conductinsulationresistancetestsper 4.2.2.2.1 in
the testchamber at the endof thisexposure.

Dry the equipmentat 95 to 122 °F (35 to 50 °C) for 2 hours.

Steo5 Removethe equipmentfrom the chamber.

Inspectequipmenttodetectevidenceof physicaldegradation(suchas corrosionof
metalparts, distortion,and insufficientlubricationof movingparts)and conductperformance
testsper 4.2.4.1.2. At the Seller'soption,these performancetestsmay be conductedat the

:'-" end of the exposurewiththeequipmentstill inthe testchamber.

4.2.4.1.4 Vibration

4.2.4.1.4.1 QualificationAcceptanceVibrationTest (QAV'I')

The APDS LRUs shall be subjectedto the randomvibrationspecifiedin 3.2.5.2.1.f, 3.2.5.2.2g,
3.2.5.2.3c, or 3.2.5.2.4c (dependingon the locationof the LRU) in each of three orthogonal
axes. Vibration tolerances,test and proceduresshallbe inaccordancewith4.1.2.2.
Performance verificationtestsshallbe identicalto thoseconductedduringAV'I"exceptthat
continuitychecksshall be performedon selectedcircuitsduringvibrationexposure. (Ref.
4.2.2.3 )

4.2.4.1.5 Acceleration

4.2.4.1.5.1 Ultimate

The APDS LRUsshall be subjectedto theaccelerationspecifiedby 3.2.5.2.1g and 3.2.5.2.2h
for a minimumof five minutesin each directionalongeach of threeorthogonalaxes. If any
axis(es)is (are) consideredsignificantwithrespectto accelerationeffects, it (they)shall be
consideredwhen establishingthe orthogonalaxes system. The equipmentand itsmounting
attachmentsshall not break loose.

4.2.4.1.5.2 Crash Safety

TheAPDS LRUs shall be subjectedto theaccelerationspecifiedby 3.2.5.2.1h for a minimumof
30 seconds. The equipmentand itsmountingattachmentsshall notbreak loose,create a
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hazard to personnel, or prevent egress from a crashed vehicle. Operating performance is not
required after this environment.

4.2.4.1.6 Shock

4.2.4.1.6.1 Apparatus

4.2.4.1.6.1.1 ShockMachine

The shockmachine shallbe capable of producingthe pulseshownon Figure21. The shock
machinemay be of the free-fall, resilient-rebound,nonresilient,hydraulic,compressed-gas,or
other activatingtypes. Apparatusfor otherproceduresis describedinthe individualprocedure.

4.2.4.1.6.1.1.1 ShockMachineCalibration

The actualtest item, a rejecteditem,or a rigiddummymassshallbe usedto calibratethe
shockmachine for conformancewiththe specifiedwave shape. When a rigiddummymassis
used, it shall have the same centerof gravityandthe same massas that intendedfor the test
itemand shall be installedina mannersimilarto that of the test item. (When a rigiddummy
massor rejecteditem is used for calibration,the waveformdudngtheactualtest may be
somewhatdifferentfrom that observedduringcalibration.) The shockmachineshallthen be
calibratedfor conformancewiththespecifiedwaveform. The consecutiveshockapplicationsto
the calibrationloadshallproducewaveformswhichare all withinthe toleranceenvelopegiven
on Figure21. The calibratingloadshallthen be removedand the shocktest performedon the
actual test item. Providedall conditionsremainthe same, other than the substitutionof the test

item for the calibratingload, the waveformshallbe consideredto meet the specifiedtest
requirement. The actual testwaveformshallbe recordedfor later use shoulda failureanalysisbe required.

4.2.4.1.6.1.2 Instrumentation

The instrumentationusedto measurethe inputshockpulse, inorder to meet the tolerance
requirementsof the test procedure,shallhave the characteristicsspecifiedin the followingparagraphs:

4.2.4.1.6.1.2.1 FrequencyResponse

The frequencyresponseof the completemeasuringsystem, fromthe accelerometerthrough
the readout instrument,shallbe as shownon Figure22. Particularcare shall be exercised in
the selectionof each individualinstrumentof the shockmeasuringinstrumentationsystemin
order to assurecompatibilitywiththe prescribedfrequencyresponsetolerance.

4.2.4.1.6.1.2.2Accelerometer, Piezoelectric

When a piezoelectricaccelerometer is employedas the shocksensor,the fundamental
resonantfrequencyof the accelerometershallbe greater than 14,000 Hz (resonantfrequencies
of 30,000 Hz or higherare recommended). Forsuitablelowfrequencyresponse,the
accelerorneterand load(cathodefollower,amplifier,or other load)shallhave the followingcharacteristics:
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RC > 0.2

Where R = loadresistance (ohms)
C = accelerometer capacitanceplusshuntcapacitanceof cable and

load(farads)

4.2.4.1.6.1.2.3Accelerometer, StrainGage

A straingage accelerometermay be used,providedthe undampednaturalfrequencyis equal
to or greater than 1,500 Hz withdampingapproximately0.64 to 0.70 of critical.

4.2.4.1.6.1.2.4 Accelerometercalibration

The accelerometer shall be dynamicallycalibratedto thespecifiedaccuracy.

4.2.4.1.6.1.2.SAccelerometermounting

The monitoringaccelerometershall be rigidlyattachedto the test itemsupportfixtureat or near
theattachment point(s)of the test item.

4.2.4.1.6.2 Test Setup

4.2.4.1.6.2.1 ShockPulse

...--. The shockpulsesshall be as shownon Figure21. Allpointsof the accelerationwave form
obtainedshall liewithinthe area enclosedbythe tolerancelimitlines.

4.2.4.1.6.2.2 Mountingof Test Item

The test itemshallbe rigidlyattachedto the shockmachinetable. Wherever possible,the test
oad shallbe distributeduniformlyon the testplatforminorder to minimizethe effectsof
Jnbalancedloads.

4.2.4.1.6.3 Basic DesignTest

']'hisprocedureshallbeusedforshocktestingof equipmentassemblies(mechanical,electrical,
_ydraulic,electronics,etc.) of mediumsize, includingitemswhichmounton vibrationisolators
,ondequipmentracks. Shocksin each directionshallbe appliedalongthree mutuallyperpen-
,:licularaxes of the test item. If the test itemis normallymountedon vibrationisolators,the
solatorsshall be functionalduringthe test. The shockpulseshapeshallbe inaccordancewith
-igure 21, of amplitudeand timedurationa or b, as specified. At the conclusionof the test, the
:est itemshall be operatedand inspectedand resultsobtainedinaccordancewith4.2.4.1.2.

4.2.4.1.6.4 PyrotechnicShock

']'he APDA shall be subjectedto pyrotechnicshockas a resultof actual initiationof the installed
pyrotechnicdevices.

4.2.4.1.7 PowerTests
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Tests shall be performed to assure that the APDS meets performance requirements of 3.2.1
and power-consumption requirements of 3.3.3.2.1 with input power meeting the requirementsof 3.1.2.1.

4.2.4.1.8 Deleted

4.2.4.1.9 ElectromagneticCompatibilityTests

EMC requirements which cannot be verified by analysis shall be verified by the Buyer's
minimum susceptibility and emission test developed in accordance with 3.3.3.1.

4.2.4.1.10 Thermal Vacuum Test

The APDS LRUs shall be mounted to simulate usage conditions and exposed to a reduced
pressure of 1.93 x 10-6 psia (10-4 mm Hg). During this exposure, the temperature shall be
cycled to the maximum design temperature, to the minimum design temperature, to the
maximum design temperature, five times. The thermal rate of change shall not exceed 10.8 °F
(6 °C) per minute, nor be less than 1.0 °F (0.06 °C) per minute. Dwell at each thermal extreme
shall be a minimum of 60 minutes after thermal stabilization of the test article. Selected
performance tests shall be conducted at each thermal extreme and continuity of all circuits
monitored during temperature ramping. All equipment shall be exposed to 200 hours of
Vacuum while non-operating, except for the DCP and APDA. Rate of depressurization and
repressurization shall be per 3.2.5.1.2a and 3.2.5.2.2a for Category II equipment. Full perfor-
mance tests shall be conducted per 4.2.4.1.2 before and after this thermal Vacuum test.

4.2.4.1.11 Transportation Test

Certification of package performance shall be accomplished by analysis whenever possible.
When certification cannot be accomplished by analysis, a Buyer-approved simulated dummy
load or development assigned hardware shall be installed in its package and both subjected to
the following transportation requirements:

A. Transportation (Shock)

Test equipment and setup shall be per 4.2.4.1.6. With a peak acceleration of 9 + 1.8g's,
apply pulses for 5 to 10 millisecondsat a frequency of less than 120 pulses per minute:

1. 2500 _+125 pulses perpendicular to container cover
2. 1750 _+90 pulses in two mutually perpendicular directions
Total number of pulses shall be 6000 _+300.

4.2.4.1.12 Operating Life Test

Cycles and operating time accumulated on a single specimen during other qualification tests
may be applied toward these requirements with the restriction that modifications or repairs
would not invalidate previous testing.

A. APDA: The APDA shall be tested per 20.4.2.4.1.10.

B. Avionics: The APDS avionics LRU's shall be operated for 20 hours
at definedworst-caseenvironmentalconditions. The
remaininghoursof 3.2.1.1.2 may be certifiedby analysis.
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4.2.4.2 Certification by Analysis

Analytical certification shall be used as a supplement to and may be used in lieu of test for the
following conditions:

A. When sufficient historical data or usage is available to fulfill certification requirements.

B, When specified conditions cannot be accurately or economically simulated on the ground.
This includes environmental conditions as well as interaction effects under specified
conditions.

4.2.4.2.1 Storage/Operating Life

Compliance with storage/operating life requirements of Section 3 shall be verified by analysis of
the drawings and applicable test data.

4.2.4,2.2 Physical Characteristics

The capabilityof the APDS to meet the physicalcharacteristicsinaccordancewith3.2.2 shall
be verifiedby analysisof designdrawingsandtest results.

4.2.4.2.3 Reliability

Compliancewiththe reliabilityrequirementsof 3.2.3 whichcannotbe verifiedbytestor
assessmentshall be verifiedby analysisand evaluationof designdrawingsand testdata, as

_"_" applicable.

4.2,4.2.4 Salt Fog

Compliance with the requirements of 3.2.5 shall be verified by analysis of design drawings and
test data. Buyer will perform this analysis under the conditions specified in 4.2.4.2.15.

4.2.4.2.5 Ozone

Compliance with the ozone requirements under 3.2,5 shall be verified by analysis of design
drawings and test data. Buyer will perform this analysis under the conditions specified in
4.2.4.2.15.

4.2.4.2.6 Fungus

Compliance with the fungus requirements under 3.2.5 shall be verified by analysis of design
drawings and materialtest data. Buyerwillperformthisanalysisunder the conditionsspecified
in 4.2.4.2.15.

4.2.4.2.7 Materialsand Processes

Compliancewiththe materialsand processesrequirementsof 3.3.1.1 whichcannot be verified
by assessmentor test shallbe verifiedby analysisof designdrawingsand Process
Specification.

r- 4.2.4.2.8 ElectromagneticCompatibility

FORM M 131-H-2 REV 9-87 7-17-98



03953

PAGE

Compliance with the EMC requirements of 3.3.3.1 which cannotbe verified by test shall be
verified by analysis of design drawings and test data.

4.2.4.2.9 Electrical Design Requirements

Compliance with the electrical design requirements under 3.3.3.2 which cannot be verified by
test or assessment shall be verified by analysis of design drawings and test data.

4.2.4.2.10 Safety

Compliance with the safety requirements of 3.3.9 shall be verified by analysis, review of
implementation of hazard controls, and evaluation of design drawings and test data, asapplicable.

4.2.4.2.11 Sand and Dust

Compliance with the requirements of 3.2.5 shall be verified by analysis of design drawings and
test data. Buyer will perform this analysis under the conditions specified in 4.2.4.2.15.

4.2.4.2.12 Lightning

Compliance with the lightning requirements of 3.2.5 shall be verified by analysis of designdrawings and test data.

4.2.4.2.13 Certification by Other Test Data

Test data generated from articles previously certified may be used as a certification method
when it can be shown that thearticle is similar or identical to the article beingcertified.
Featuresto be consideredshall includedesign,performance,environmentaldurationand limits,
manufacturingprocess,and qualitycontrol. Special effortshallbe made to avoidduplicationof
previoustests fromthis or similarprograms. Where certificationby testingis required,data
from other than qualificationtests may be used to satisfythe requirementsunderthe followingconditions:

Predeclaration The intentto use the test forcertificationis declaredpriorto test conduct.

Configuration Productionconfigurationor approval(where allowed)for differences.

Facilities Certified

Inspection Required

Test requirement/ Formallyapprovedby Buyer
procedure/pass-failcriteria

Acceptance Required

Functionaltest Required (exceptfor non-
pre-, post-and operatingtestssuchas
duringenvironment packagingtests)
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Documentation Configurationdescription,
failure reports,and test results.

4.2.4.2.14 Mature Hardware (Off-the-Shelf)

A. Evaluateand documentequipmentcapabilityutilizinga comparisonmatrixwhichincludes
considerationssuchas configuration,performanceandenvironmentversus specified
requirements.

B. Where the environmentallevelsare morestdngentthan previousqualificationlevels,
analyze or test to verifythat the itemcan withstandthe higherlevel designrequirements.

C. For items that requireminormodificationsor have notbeen qualifiedto all environments,
onlythe designmodificationsfor theadditionalenvironmentsneedto be certified,if
cumulativeand interactioneffectsdo notexist. If cumulativeand interactioneffectsdo
exist,completequalificationtestingis required.

4.2.4.2.15 CertificationAnalysisby Buyer

For certain requirementsas specifiedin 4.2.4.2 above,the Buyerwillperformthe certification
analysesupon receiptof an approvedmaterialslist(perAppendixXV, MC02) fromthe Seller.

4.2.5 Verification Requirements Matrices

__-_ TheSeller'sverificationprogramshallsatisfythe performanceand designverification
requirementsspecifiedin Seller'sapprovedcertification/verificationplan.

Table V. Performance and Design Verification Matrix

I_/ERIFICATIONMETHOD

1. Analysis 3. Test
2. Assessment a. Development

a. Inspection b. Qualification
b. Review of Design c. Acceptance

_I/A- Not Applicable

Section3 Verification
and 5 Method Related

Require- 1 2 3 Section4
merit

No. Requirements N/A a b Ia b; c RequirementNo.
:3 REQUIREMENTS X
:3.1 APDS Definition X
:3.1.1 APDS FunctionalDiagram X
:3.1.1.1 ISS MissionConfigurations X
:3.1.2 Interface Definition X X 4.2.2, 4.2.3
:3.1.2.1 Electrical Characteristics X
3.1.2.1.1 OrbiterMain DC Power X X 4.2.4.1.9
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Section 3 I Verificationand 5 Method Related
Require-

ment 1 2 3 Section 4

,__._No. Requirements N/A a b a!b c Requirement No.
3.1.2.1.2 Orbiter Steady-State Limits _ X -- 4.2.4.1.9
3.1.2.1.3 Orbiter Transient Voltage X

3.1.2.1.3.1 Surge X X 4.2.4.1.9
3.1.2.1.3.2 Spike _< X 4.2.4.1.9
3.1.2.1.3.3 , Ripple K × 4.2.4.1.9
3.1.2.1.4 Orbiter Primary Power Grounding X 4.2.3

System

3.1.2.1.5 Utilizationof Orbiter ElectricalPower X

3.1.2.1.5.1 Normal Electrical System Operation X K 4.2.2.2, 4.2.4.1.2
3.1.2.1.5.2 Abnormal ElectricalSystemOperation X 4.2.4.1.9
3.1.2.1.5.3 Emergency Electrical System Operation X !4.2.4.1.9
3.1.2.1.5.4 Influence on Electrical Systems X 4.2.4.1.9
3.1.2.1.5.5 Isolation of Power Source X 4.2.3
3.1.2.1.5.6 Power Transfer LX 4.2.3
3.1.2.1.6 General Electric Equipment X

Requirements

3.1.2.1.6.1 Separation of Redundant Equipment X 4.2.3
3.1.2.1.6.2 InadvertentElectrical Performance Due X 4.2.3

to Debris

3.1.2.1.6.3 System Checkout Provisions X 4.2.3
3.1.2.1.6.4 Equipment Accessibility K 4.2.3
3.1.2.1.6.5 Insulation Resistance × X 4.2.2.2.1,4.2.4.1.2
3.1.2.1.6.6 Dielectric Withstanding Voltage X × 4.2.2.2.2, 4.2.4.1.2
3.1.2.1.6.7 Corona, High-Voltage X 4.2.3

Breakdown, Multipaction
3.1.2.1.7 Grounding and Bonding X
3.1.2.1.7.1 Equipment and Subsystem Returns and X 4.2.3

Grounding
3.1.2.1.8 Wiring X

3.1.2.1.8.1 Integral Leads _< X 4.2.3
3.1.2.1.8.2 Circuit Protection )< 4.2.3
3.1.2.1.8.3 , Strain Relief IX 4.2.3

3.1.2.1.8.4 Pyro Circuit Wiring X X 4.2.3, 4.2.4.1.9,
4.2.2.2.2

3.1.2.1.8.5 Wire Sizing X 4.2.3
!3.1.2.1.8.6 Circuit Separation X 4.2.3
3.1.2.1.8.7 Wiring Identification × 4.2.2.1
3.1.2.1.8.8 Wire Insulation Protection × 4.2.3
3.1.2.1.8.9 Redundant Electrical Circuits X 4.2.3
3.1.2.1.8.10 Wire Harness Protection X =4.2.3
3.1.2.1.8.11 Visual Verification K 4.2.2.1
3.1.2.1.8.12 Wire Bundling K 4.2.3
3.1.2.2 Mechanical Interface X 4.2.2.1
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Require- 1 2 3 Section4
ment

No. Requirements N/A a bla b c RequirementNo.
3.1.2.2.1 Mounting X 4.2.2.1
3.1.2.2.2 ConnectorLocationand Pin Function X X 4.2.2.1, 4.2.3

Assignments
3.1.2.3 Cooling X X 4.2.1,4.2.2.4
3.1.2.4 Instrumentation K 4.2.2.2
3 1.2.5 FieldSupportEquipment X K! 4.2.3, 4.2.2.2
3.1.2.6 ElectricalResourceTransfer X
3.1.2.6.1 ResourcesTransferredfrom Orbiterto X 4.2.3

ISS PMA-2, -3
3.1.2.6.1.1 ElectricalPower X X 4.2.2.2, 4.2.4.1.2
3.1.2.6.2 ResourcesTransferred from Orbiter or X 4.2.3

ISS Node 1 to ISS FGB
•1.3 MajorComponentIdentification X 4.2.3

}.2 JCharacteristics X
}.2.1 Performance Charectedstics X X 4.2.2.2, 4.2.4.1.2
}.2.1.1 Life X
}.2.1.1.1 APDA X
1.2.1.1.1.1 ServiceLife K X 4.2.4.1.12, 4.2.4.2.1
1.2.1.1.1.2 OperatingLife K X 4.2.4.1.12, 4.2.4.2.1
t.2.1.1.1.3 Shelf Life K 4.2.4.2.1
1.2.1.1.2 Avionics K X 4.2.4.1.12, 4.2.4.2.1
}.2.1.1.3 PyrotechnicRelease Devices K X 4.2.4.1.12, 4.2.4.2.1
3.2.1.1.2.2 APDS SwitchingSystem 4.2.4.1.12, 4.2.4.2.1
3.2.1.2 DesignApproach 4.2.4.2
3.2.1.3 SpacecraftDockingand Berthing 4.2.1,4.2.4.1.2
3.2.1.3.1 ContactConditions 4.2.1,4.2.4.1.2
3.2.1.4 MassPropertiesandControlWeights 4.2.1,4.2.2.2
3.2.1.5 ContingencyOperations

:3.2.1.5.1 DockingOperationsTermination 4.2.4.1.2, 4.2.1
i 3.2.1.5.2 Time CriticalSeparation 4.2.4.1.2, 4.2.1
3.2.1•5.3 Extravehicular/IntravehicularActivity 4.2.1, 4.2.3,4.2.4.1.2

(EVA/IVA)
3.2.1.6 Inhibits 4.2.3
3.2.1.6.1 InhibitControl 4.2.3
3.2.1.7 HealthStatus 4.2.3

3.2.2 PhysicalCharacteristics
3.2.2.1 Envelope 4.2.2.1
3.2.2.2 Weight 4.2.2.1
:1.2.2.3 SurfaceWear 4.2.2.1
3.2.3 Reliability
:1.2.3.1 Redundancy 4.2.3, 4.2.2.2,

4.2.4.1.2
:1.2.3.2 FailureDeterrentand Detection 4.2.3, 4.2.4.2.3
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Section 3 V_tionand 5

Require- J Method Related
merit Section 4

No. Requirements Requirement No.
3.2.3.3 Reliability Predictions
3.2.3.4 Reliability Management
3.2.3.4.1 Reliability Organization
3.2.3.5 Reliability Progress Reporting
3.2.3.6 Supplier Control
3.2.3.7 Reliability Design Requirements
3.2.3.7.1 Design Specification

3.2.3.8 FailureModeEffectsAnalysis (FMEA)
and SingleFailurePoint Summary
(SFPS)

3.2.3.9 Design Review and ReadinessReview
3.2.3.10 Problem Reporting and Corrective

Action System
3.2.3.10.1 Problem Report Documentation
3.2.3.10.2 Problem Analysis
3.2.3.10.3 Corrective Action
3.2.3.10.4 Problem Status
3.2.3.10.5 Storage of Trend Hardware
3.2.4 Maintainability
3.2.4.1 Design Allocations

3.2.4.2 Design Features 4.2.3
3.2.4.2.1 Maintenance 4.2.3
3.2.4.2.2 Installation 4.2.3
3.2.4.2.3 Accessibility 4.2.3
3.2.4.3 Test Provisions 4.2.3
3.2.4.3.1 Test and Monitoring Points 4.2.3
3.2.4.3.2 Line Replaceable Unit Peculiar 4.2.3

Requirements

3.2.4.4 Maintainability Analysis
3.2.4.4.1 Assessment

3.2.4.4.2 Problem Reporting
3.2.4.4.3 Design Reviews
3.2.4.4.4 Design Changes
3.2.5 Environments

3.2.5.1 Operating 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.1.1 Crew Compartment 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.1.2 Aidock Floor 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.1.3 -6001 Orbiter Active APDA 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.1.4 -7001 ISS Active APDA and CSB 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.1.5 -8001 ISS Passive APDA 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.2 Non operating 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.2.1 Crew Compartment 4.2.2, 4.2.4.1 4.2.4.2
3.2.5.2.2 Airlock Floor 4.2.2, 4.2.4.1,4.2.4.2
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Section 3 Verification
and 5 Method Related

Require- 1 2 3 Section 4merit

No. Requirements N//_ a b a b l c Requirement No.
3.2.&2.3 -6001 Orbiter Active APDA × X X 4.2.2, 4.2.4.1,4.2.4.2
3.2.5.2.4 -7001 ISS Active APDA and CSB K X X ' 4.2.2, 4.2.4.1,4.2.4.2
3.2.5.2.5 -8001 ISS Passive APDA K X X 4.2.2, 4.2.4.1,4.2.4.2
3.2.5.3 Transportation and Storage K X 4.2.4.1.11
3.2.6 Transportability _ × 4.2.4.1.11, 4.2.3
3.2.6.1 Tiedown Capability X 4.2.3
3.3 Design and Construction X
3.3.1 Materials, Processes, and Parts X
3.3.1.1 Materials and Processes X
3.3.1.1.1 Cleanliness X
3.3.1.1.1.1 Category I and II LRUs X 4.2.2.1
3.3.1.1.1.2 Category ll LRUs )< 4.2.2.1
3.3.1.1.2 Moisture and Fungus Resistance N 4.2.3
3.3.1.2 Electrical, Electronic, and X

Electromechanical (EEE) and
Mechanical Parts Control

3.3.1.2.1 General X
, --'--" 3.3.1.2.2 Parts Selection X

3.3.1.2.2.1 Parts Standardization X
3.3.1.2.3 Parts Specifications X
3.3.1.2.4 . EEE Parts Qualification X 4.2.3
3.3.1.2.4.1 Mechanical Parts 4.2.3
3.3.1.2.5 EEE Parts Where-Used List
3.3.1.2.6 Parts Application Review
3.3.1.2.7 Parts Problem Reporting and Corrective

' " Action
3.3.1.2.8 EEE Parts Control for Off-The-Shelf

Equipment
3.3.1.2.9 EEE Parts Handling
3.3.1.2.10 EEE Parts Traceability
3.3.1.2.11 Part Construction 4.2.3
3.3.1.2.12 Part Derating 4.2.3
3.3.1.2.13 Parts with Cavities 4.2.3
3.3.2 Selection of Specifications and

Standards

:3.3.3 Electromagnetic Compatibility 4.2.4.1.9, 4.2.4.2.8
and Electrical Design

3.3.3.1 Electromagnetic Compatibility _X _( 4.2.4.1.9, 4.2.4.2.8

;3.3.3.1.1 Limits f I 4.2.4.1.9, 4.2.4.2.8

,3.3.3.1.2 Limits for CE01 and CE02
.f I :}.3.3. i.3 Limits for CE03 and CE04 4.2.4.1.9, 4.2.412.8
. :t.3.3.1.4 Limit for CS01 4.2.4.1.9, 4.2.4.2.8

3.3.3.1.4.1 Test Power Limit I 4.2.4.1.9, 4.2.4.2.8
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Require- i I i ,,,_ 3 S_,uu_l^_':--4
ment
No. Requirements N/A a b a b c Requirement No.

3.3.3.1.5 Limit for CS02 K X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.5.1 Test Power Limit K X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.6 Limit for CS06 _ X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.7 Limits for RE02 K X !4.2.4.1.9, 4.2.4.2.8
3.3.3.1.7.1 Narrowband K X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.7.2 Broadband K X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.7.3 Polarization X X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.8 Limit for RS02 X X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.9 Limit for RS03 X X 4.2.4.1.9, 4.2.4.2.8
3.3.3.1.10 Time Domain Transient and Ripple Test X X 4.2.4.1.9, 4.2.4.2.8

(TT01)
3.3.3.2 Electrical Design Requirements X
3.3.3.2.1 Power Consumption × 4.2.4.1.9
3.3.3,2.2 Metals and Metal Couples, Restriction K 4.2.3

on Use

3,3.3.2.3 Bonding X ;( 4.2.3, 4.2.4.1
_--. 3.3.4 Identification and Marking X

3.3.4.1 Identification of Parts X 4.2.2.1
3.3.4.2 Identification of All Development/ X 4.2.2.1

Qualification Test Specimens
3.3.4.3 Nameplates 4.2.3.8
3.3.4.3.1 Marking Information 4.2.3.8
3.3.4.3.2 Methods of Applying Nameplates 4.2.3.8
3.3.4.3.3 Permanency and Legibility 4.2.3.8
3.3.4.3.4 Location 4.2.3.8
3.3.4.3.5 Modified Items 4.2.2.1
3.3.4.3.6 Type of Lettering 4.2.2.1
3.3.5 Interchangeability 4.2.3.3

Configuration Management (CM)3.3.6
3.3.6.1 :General Requirements
3.3.6.1.1 Management
3.3.6.1.2 Procedures
3.3.6.1.3 Management Review

I

: _ 3.3.6.1.4 i Basehne Management .........
3.3.6.2 l Detail Requirements
3.3.6.2.1 !Configuration Identification
3.3.6.2.2 "_' *;""Spechlcau_,, ,s

3.3.6.3 Engineering Drawings
3.3.6.3.1 Preparation
3.3.6.3.2 Retention of Design

f- ..

3.3.6.3.3 Identification of Parts
3.3.6.3.4 Equipment identification Marking
3.3.6.3.5 Parts and Standards Marking
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Section 3 t Verification

and 5 J Method RelatedRequire- ' Section 4
ment

No. Requirements N. Requirement No.
3.3.6.12 Engineering Drawings for Designated )_

Development Items and Non-Flight
Equipment Items

3.3.6.13 Deviations and Waivers , X
3.3.6.13.1 Deviation Definition X
3.3.6.13.2 Waiver Definition X
3.3.6.13.2.1 Request for Deviation or Waiver X
3.3.6.13.3 Accounting for Deviationsor Waivers X
3.3.7 Documentation X
3.3.8 Logistics Support System X
3.3.8.1 Off-Line Maintenance X
3.3.8.1.1 Maintenance Engineering Analysis X
3.3.8.1.1.1 Scheduled Maintenance X
3.3.8.1.1.2 Tracking and Accounting X
3.3.8.1.2 Maintenance X
3.3.8.1.2.1 Maintenance Concept X
3.3.8.1.2.2 LogisticsEngineeringAnalysis (LEA) X
3.3.8.1.2.3 Maintenance Data X
3.3.8.1.3 Limited Life Items X
3.3.8.1.4 Limited Operating Life Items X
3.3.8.1.5 Limited Shelf Life Items X
3.3.8.1.6 WorkUnitCode (WUC)Documentation X
3.3.8.2 Supply Support Management ×

r3.3.8.2.1 Supply Support ×
3.3.8.2.1.1 Spares Concept X
3.3:8.2.1.4 Spares Provisioning Data X
3.3.8.2.1.5 Cannibalization K
3.3.8.3 Transportation
3.3.8.4 Training
3.3.8.4.1 Authority ,:
3.3.8.4.2 Requirements
3.3.8.4.2.1 Training and Certification (

Documentation
:3.3.9 Safety. ( ,
3_3_91-1.... Hazards ...... (- 4.2.37, 4.2.:4.2:10......
3.3.9.2 Hazard Reduction Precedence < 4.2.3.7

Sequence
;3.3.9.3 Margin of Safety Testing ( 4.2.3.7
3.3.9.4 Sharp Edges ( 4.2.3.7
3.3.9.5 Protective Covers on Exposed ( 4.2.3.7

I- _Protrusions
:}.3.9.6 Holes ( 4.2.3.7
3,3.9,7 Latches _'i 4.2.3.7
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Section 3 Verification
and 5 Method Related

Require- 11 2 3 -- Section 4
ment

No. Requirements N/A a b a b _ Requirement No.
3.3.9.8 Screws and Bolts K 4.2,3:'7
3.3.9.9 'Securing Pins X 4.2.3.7
3.3.9.10 Levers, Cranks, Hooks, and Controls X 4.2.3.7

'3.3.9.11 Burrs X 4.2.3.7
3.3.9.12 Deleted

3.3.9.13 Factors of Safety for Pressurized × X 4.2.3.7, 4.2.4.2.10
Manned Compartments

3.3.9.14 Pressure Vessels X 4.2.3.7
3.3.9.15 Debris Prevention X 4.2.3.7
3.3.9.16 Electrical Hazards Design _( 4.2.3.7
3.3.9.17 Chassis Leak Current K × 4.2.3.7, 4.2.2.1
3.3.9.18 Crew Member Protection K 4.2.3.7
3.3.9.18.1 Grounding K 4.2.3.7

13.3.9.18.2 Protective Covers X 4.2.3.7
3.3.9.18.3 Interlocks X 4.2.3.7
3.3.9.18.4 Warning Labels X 4.2.3.7
3.3.9.18.5 Plugs and Receptacles X ,4.2.3.7

._ 3.3.9.18.6 Insulation IX 4.2.3.7
3.3.9.18.7 FSE Power Cords IX 4.2.3.7
3.3.9.18.8 Spacing Between Connectors IX 4.2.3.7
3.3.9.18.9 Electrical Systems IX 4.2.3.7
3.3.9.18.10 Electrostatic Discharge IX 4.2.3.7
3.3.9.18.11 Wire Bundles - Protective Coating X 4.2.3.7
3.3.9.19 Deleted

3.3.9.20 Equipment Failure - Verification of X 4.2.3.7
Flight Readiness

3.3.9.21 Safety Precautions - Test and X 4.2.3.7
Operating Procedures

3.3.9.22 Field Support Equipment Protective X 4.2.3.7
Devices

3.3.9.23 Emergency Sating Electrical System × 4.2.3.7
3.3.10 Human Performance/Human × 4.2.3.6

Engineering I ] I I
:3.4 Quality Assurance Program l X I I I

..... J3.4_.:L_ _Management-and Planning --X--I--] I

3.4.1.1 Panning JX / /:3.4.1.2 Organization
:3.4.1.3 Quality Program Plan X
:3.4.1.4 Management Assessment Data X
3.4.1.5 Deleted X
:3.4,1.6 Milestone Reviews X
:3.4.2 'Design and Development Controls X

3.4.2.1 Technical Documents X
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and 5 __ _ RelatedRequire- Section 4ment

No. Requirements -_ -- b Requirement No.
3.4.2.2 Change Control Verification -_ --
3.4.2.3 Product/Process Development )
3.4.3 Identification and Data Retrieval I )
3.4.3.1 General
3.4.3.2 Retention of Records ,_
3.4.3.3 Record Retrieval ,_
3.4.4 Procurement ,_
3.4.4.1 Procurement Controls ,X
3.4.4.2 Quality Assurance Personnel at X

Supplier
3.4.4.3 Receiving Inspection X
3.4.4.4 Supplier Data ' X
3.4.5 Fabrication Controls X
3.4.5.1 Fabrication Operations X
3.4.5.2 Article and Material Control X
3.4.5.3 ContaminationControland Cleanliness _ --
3.4.5.4 Process Controls X

,_-'- 3.4.5.5 Nondestructive Evaluation X

3.4.5.6 Workmanship / i

3.4.5.7 Control of Temporary Installations and X
Removals

3.4.5.8 Quality Assurance Designees
3.4.5.9 Inspection Procedures
3.4.6 Test Controls X
:3.4.6.1 Verification X
;3.4.6:2 Test Procedures X
:3.4.6.3 Test Performance I X
3.4.6.4 Inspectionand Test Recordsand Data X
3.4:6.4.1 Records X
:}.4.6.4.2 Acceptance Data Package (ADP) X
3.4.6.4.3 Acceptance Review (AR) X
:L4.7 Nonconforming Articles and Materials X
,%4.7.1 Nonconformance Control System X
:;.4.7.2 Identification of Nonconformances X

__ __;_4..Z.3...... Nonconformance-E-valuation X ' ' .
•_..4.7.4 Nonconformance Dispositions X
_.4.7.4.1 Return to Supplier X

,2.4.7.4.2 IReturn for Rework or Completion of X
_Operations

3.4.7.4.3 Recurrence Control X
-I 3.4;8 Metrology X

3.4.8.1 Metrology Controls X
L 3.4.8.2 Calibration Records
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Section 3 Verification
and 5 Method Related

Require- 1 2 3 - Section 4
ment

No. Requirements N/# a b al b! c Requirement No.
3.4.8.3 Measurement Accuracy X
3.4.8.4 Calibration Controls X
3.4.8.4.1 Facility X
3.4.8.4.2 Traceability X
3.4.8.4.3 Handling, Storage,and Transportation X
3.4.8.4.4 Identification and Labeling X

i3.4.8.4.5 Calibration Intervals X
3.4.8.4.6 Recall System X
3.4.8.4.7 Environmental Requirements X
3.4.8.5 Action and Recurrence Control X
3.4.9 Stamp Controls ;_
3.4.9.1 Stamp and Marking Materials X
3.4.9.2 Stamp Traceability ×
3.4.9.3 Stamp Application X
3.4.9.4 Electronic Data Control X
3.4.9.5 Stamping and Marking Application ×
3.4.9.6 Status Stamping K
3.4.9.7 Stamping Methods K
3.4.9.8 Stamp Significance
3.4.9.9 Contractor Stamp Design ,:
3.4.10 Handling, Storage, Preservation, K

Marking, Labeling, Packaging, Packing,
and Shipping

3.4.10.1 Procedures and Instructions Control <
3.4.10.2 Handling, Hoisting, or Lifting <
3.4.10.3 Storage )<
3.4.10.4 Preservation ,_
3.4.10.5 Packaging and Packing X
3.4.10.6 Marking and Labeling X
3.4.10.7 Shipping X
3.4.10.7.1 Control X
3.4.10.7.2 Unscheduled Removal X
3.4.11 Control of NASA Property X
3.4.11.1 Contractor Responsibility X

.... :3.4.44.2.... Unsuitable NASA-Property .... X

:5 Preparation for Delivery X

!5.1 GeneralRequirements !X iI IX!

!5.2 Detailed Requirements X
!5.2.1 Preservation and Packaging 4.2.4.1.11

F- '5.2.2 Packing 4.2.4.t .11
5.2.3 Packaging of Precision Clean Items . 4.2.3
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l
_ect_on3 Verification I

and 5 _ RelatedRequire- Section 4
ment l
No. Requirements N/_ a b a b c Requirement No.

5.2.4 Temporarily Installed Hardware X 4.2.2.1
Identification

• _5.2.5 Packagingand Labelingof Ordinance K X 4.2.2.1
5.2.6 Hazardous Materials Shipment X

5.2.7 Marking for Shipment X !4.2.2.1
5.2.8 Documentation X

I
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5. PREPARATION FOR DELIVERY

5.1 GENERAL REQUIREMENTS

The requirementsspecifiedherein governthe preparationfor shipmentand the transport of the
subsystemto all Buyer and U.S. Governmentfacilities. The methodsof preservation,
packagingand packingutilizedfor shipmenttogetherwithnecessaryspecialcontrol during
transportationshalladequatelyprotectthe subsystemfrom damageor degradationof
performancedue to the naturaland inducedenvironmentsencounteredduringtransportation
and subsequentstorage.

5.2 DETAILED REQUIREMENTS

Packaging,handling,and transportationshallbe accomplishedso as to assuresafe delivery
withoutdegradationof reliabilityas supplementedby the followingsubparagraphs.

5.2.1 Preservation and Packaging

Preservation and packaging protection shall be accomplished to assure that relative humidity
levels are maintained within acceptable levels to prevent contamination including corrosion. In
addition, subsystem hardware shall be protected by packaging so designed as to protect the

_. material against direct exposure to transportationenvironments that could cause possible
damage or degradation of reliability. The packaging design shall consider but are not limited to:

A. Multiple handling during transportation and in transit storage from point of origin to the
ultimate destination.

B. Shock, vibration and static loading during shipment.

C. Environmental exposure during shipment or during in transit operations where warehouse
facilities are limited.

D. Static loads imposed by stacking

5.2.2 Packing

Exterior containers shall protect the item and any interior packs from damage and degradation
Fromthe natural and induced transportation environments during shipment to all Buyer and U.S.
government facilities and short term (up to 6 months) storage. The exterior container and or an

__ nterior case liner or waterproof shroud shall protect the item from moisture damage or
- Jegradation. T_e item(s) packed shall be adequately protected with cushioning or dunnage as

"lecessary. Consolidation of small containers shall be accomplished whenever practical.
Containers exceeding a gross weight of 60 pounds shall be equipped with forklift handling
_pability.

/--
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: 5.2.3 Packaging of Precision Clean Items I

IPrior to packaging in accordance with the requirements of 5.2.1 and 5.2.2, items cleaned to the'
_V_I nf t- a=nlin_ee er_a_,;fi_,4 " S=_.,_,, 3 3,,,_,rest be pre-packaged to assure maintenance of
the prescribed cleanliness level.

5.2.4 Temporarily Installed Hardware Identification

All temporarily installed devices such as caps, plugs, covers, support bracketry, protective
plates, etc., shall be highly visible red in color or shall have attached highly visible red colored
streamers to ensure that they are easily identified under casual observation. Reusable
protective devices shall be labeled "REUSABLE ITEM, DO NOT DESTROY, RETAIN FOR
REUSE."

5.2.5 Packaging and Labeling of Ordinance

Pyrotechnics and electro-explosive components shall be packaged in conductive materials to
provide protection from static electric charges. Conductive materials shall have a maximum
surface resistivity of 3E10 ohms maximum at all levels of relative humidity. Non conductive
outer wrapping is acceptable for packaging if conductive inner wrap with a ground path through
all non conductive extedor wrapping material is provided, and the non conductive material
cannot contact the explosive device. This applies to packaging materials and containers and
sloesnot eliminate the need for other protective measures, such as shorting connectors and

i' protection from high level RF energy. Packaging of ordnance for air shipment shall be
accomplished in accordance with requirements of the Dangerous Goods Regulations of the
International air transport association (IATA). A Competent Authority letter from the country of
3rigin (Ministry of Civil Aviation, Leningradsky Prospekt 37, Moscow A-167) shall be submitted
:o the Associate Administrator for Hazardous Material Safety, Research and Special Programs
Administration, US Department of Transportation, Washington D.C. 20590-0001, U.S.A. Prior
,approvalby the appropriate authority of the US (Office of Hazardous Materials Exemptions and
Approvals) shall be obtained to transport = pyrotechnic a_ic!e to, from o....... gh t,,= ' '";+^
:Statesof America.

5.2.6 Hazardous Materials Shipment

i-lazardous materials shall be prepared for shipment and shipped in accordance with
requirements of IATA for air shipment and code of federal regulations CFR-49 for highway
=_hipment.

'5.2.7 Marking for Shipment

interior and exterior containers shall be marked and labeled with a non-fading, durable material
_;apableof lasting throughout the distribution cycle of the container. Markings shall be clear and
legible. Markings shall be accomplished through the utilization of labels, stamping, printing,
_tenciling, or tagging methods compatible with the style of the container. The size of container
markings shall be commensurate with the size of the container, but not less than 1/4 inches in
I_eight. The color of the marking or label shall be contrast to the color of the container. The
marking shall be located on one side of the container and shall not be disturbed by the opening
or closing of the container. Containers too small for labeling on one side may have the label
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extended to an adjacent panel. All surfaces to be marked shall be free of any marks not I
applicable to the shipment. I
,,,,=,,u, and exterior containers shaii be marked with the following minimum information:

Name and address of the consignee and the consignor
Part number
Nomenclature

Manufacturers part number (if different from above)
Manufacturers name

Quantity and unit (ex: 1 kg each)
Number of packages (ex: 1 of 5, 2 of 5, etc.... )
NASA Critical Item Label

Orientation label (up arrows)
Packing list envelope (contains copy of shipping papers)

In addition to the above requirements, hazardous material shipments shall be marked on 2
adjacent sides of each container with the following minimum information:

Proper Shipping Name/Description
Hazard Classification
Identification number
Hazardous labels

f--_

Net explosive quantity (weight) for pyrotechnics only
"UN" certified specification container symbol as approved by the country of origin

Packages with reuse capability shall be identified with the words "REUSABLE CONTAINER -
DO NOT DESTROY - RETAIN FOR REUSE."

5.2.8 Documentation

Prior to air shipment of hazardous materials, a "Shipper's Declaration for Dangerous Goods"
form and an air waybill must be completed in accordance with requirements of IATA section 8.

o
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NOTES

6.1 DEFINITIONS

AcceptanceTests. Inspectionand tests to determine thata part, component,subsystem or
system is capable of meetingdesign and performance requirementsspecifiedherein.

AbnormalCondition._.Transmissionline or load-faultconditions.

Assessment. A verificationmethodemploying inspectionand reviewof designtechniquesto
vedfy designfeatures notcoveredbyverificationof testandanalysissuch as finishes,
tolerances,bonding,identificationtraceability,warningandservicinglabels, Billof Materials,
etc. These methodsmay employthe orderly reviewand evaluationof designdocumentationor
visual inspectiontechniques(e.g., mockup forms, fit checks,maintainabilityaccess, tolerances,
etc.).

a__. The initial physical connection between two spacecraft that provides little or no
structural rigidity between the two vehicles.

Cable core. That group of conductors and associated shields which terminate at one
equipment interface connector exclusive of any overall shield.

Certification. Certification consists of qualification testing, Major Ground Test, and other tests
_-_ and analyses required to determine that the design hardware from the component through the

subsystem level meets requirements.

/k. Qualification Test. Rigorous demonstration by test that a production type item is capable of
meeting design performance requirements, including design margin and life, under
operating environmental conditions.

3. Certincauon DyAnalysis. Certification by analysis allows the use of appropriate engineering
analyses including similarity to provide fulfillment of certification objectives.

.Certification by Analysis. The use of appropriate engineering analyses including similarity to
lulfill certification objectives.

_Classification. N/A

_ClosedTest Bomb. A fixed volume chamber into which pressure cartridges are test fired to
establish or verify the performance characteristics such as output pressure verses operatingtime.

('riticalit_. Categorization of the effect of loss of all redundancy for a given function. Functional
c..dticalityis based upon multiple failures which must occur to result in loss of the system or
component function.

_CriticalDesign Review ((_DR). A formal technical review of the detailed design of a selected
contract end item, or series of end items. This review is conducted when the detailed design is

i essentially .... !=;= t ..... i _; .
..... _..... _a_._,.... m,_,elythe 90 to 95 percent design release point). The approved

detailed design from this review serves as a basis for final production planning and often initial
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fabrication. The CDR determines whether the design is compatible Withthe specified
requirements, and verifies that the design conforms to the requirements established at the PDR
and updated to the time of the CDR. During the CDR, the integrity of the design is verified
_h,v_,u,,review u_ _Ha_yucaJand test data. Following the CDR, the Configuration Item
specifications and drawings are updated and placed under configuration control, and may be
then released for fabrication.

The CDR is not considered formally complete until the contracting agency provides formal
acknowledge indicating approval or contingent approval pending satisfactory completion of
resultant action items.

Agenda - The appropriate items shall be addressed:

• Status of PDR action items
• Design requirements and specifications
• Interface requirements and specifications
• Design approach
• Assessment of hardware inheritance
• Test procedures
• Producibility demonstration results
• Scale model test results
• Design trades and alternatives considered
• Reliability, maintainability and operability considerations
• Spares list
• Conformance of the design to functional and user requirements
• Conformance to environmental design requirements
• . Differences between the configuration item, system and subsystem performances in

relation to the performances estimated at the PDR.
• Final hardware design verification plans
• Detailed mechanical (including electronic packaging, thermal, hydraulic and pneumatic

design
• Detailed electronic/electrical circuit design
• Interface details and agreements
• Mechanical and electronic parts stress analysis results
• Final reliability analyses, including single-point failure analyses against the reliability

policy
• System safety analyses
• Electronics parts classification and screening specifications
• Non-electric parts, materials and processing list
• Materials and processing specifications

---- Pnrcha-s-e-d-devrc-e_hs_t............
• Manufacturing and fabrication plans
• Quality assurance plans and procedures
• Configuration control plans
• Qualification and acceptance test plans
• Calibration plan

f ° Data management flow and data reduction plan
• Support equipment and FSE requ rem_nto ,=ndp_a,,=
• Spares provisionin9 plan
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• Ground operations plan
• Payload integration plan
• Flight operations plan

• Present status of items under review, including cost and technical developments
• Risk management activities

Major Documents

Drawings level 2 and 3 (productiorl)
Interface Control Documents (ICD)
Informal Test Description/Test Procedures

Deliverables at CDR

Drawings level 2 and 3 (production)
Interface Control Documents (ICD)
Test Procedures
Spares .list
Hardware Design Verification Plans
Detailed electronic/electrical circuit design
Mechanical and electronic parts stress analyses results
Final reliability analyses, including single-point failure analyses against the

reliability policy
: System Safety Analyses

Electronics parts classification and screening specifications
Non-electric parts, materials and processing list
Purchased devices list

Manufacturing and fabrication plans
Quality assurance pians and procedures
Configuration control plans
Qualification and acceptance test plans
Calibration plan
Data management flow and data reduction plan
Support equipment and FSE requirements and plans

Demate. To separate two vehicles rigidly joined bywhatever means, methods and hardware
systems available. (For the ODS, this includes termination of interfaces, undocking and final
"elease.)

3evelopment Tests. Those tests performed with minimum rigors and controls to verify a
- :lesign approach._ -....... -......

._. The process of joining two spacecraft using alignment and translation maneuver to
..=ffectcapture, attenuation and structural attachment.

3ual Fail_re Tolerant. The capability to sustain two failures and still retain the capability to
,_ompletethe intended function/operation in a safe but possibly degraded mode. A subsequent
component failure in the system could result in the inability to complete the function.
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Dummy Load. For the purpose of shock tests, a dummy load is a duplicate of the shape, size,
rigidity, mounting methods, weight, mass distribution and center-of-gravity of the Qualification
unit. There is no requirement that it be a functioning device.

Dynamic Clearance. The clearance which remains between the items in question after
accounting for each item's respective three sigma mechanical and dynamic envelope during
ascent, on-orbit and descent.

Emergency Conditions. Conditions of power-source failure.

EVA Provisions. The EVA crew items attached to the Orbiter (including the APDS) required to
accomplish EVA from the external airlock configured Orbiter.

FiI_EejJL_!_.The loss of ability of a system, subsystem, component, or part to perform its required
function within specified limits, under specified conditions for a specified duration.

Faii-ODerati0nal. The ability to sustain a failure and retain full operational capability for safe
mission continuation.

_. The ability to sustain a failure and retain the capability to safely terminate the
mission.

Field Support Eauioment(FSE). Equipment to be supplied by the Seller as defined in
_ phparagra 110.3.1.

Functional Path. A functional path is a serial set of one or more functional elements (e.g.
LRUs) constrained by the following:

A. A physical means for accomplishing a given task. A redundant functional path has at least
one functional duplicate; therefore failure of a redundant path will not necessarily result in
system failure.

B. The point on a path at which several "downstream" paths originate must constitute the
termination point of the "upstream" functional path and the starting point of each
"downstream" functional path.

Hazard. The presence of a potential risk situation caused by an unsafe act or condition

Hazard Levels. A hazard whereby environment, personnel error, design characteristics,
deficiencies, or subsystem malfunction may result in loss of personnel capability or loss of
system shall be categorized as follows:

&. Catastrophic Hazard. Hazard could result in a mishap causing fatal injury to personnel
and/or loss of one or more major elements of the flight vehicle or ground facility.

3. Critical Hazard. Hazard could result in serious injury to personnel and/or damage to flight or
ground equipment which could cause mission abort or a significant program delay.
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C. Marginal Hazard. Hazard could result in a mishap of minor nature inflicting first-aid injury to
personnel and/or damage to flight or ground equipment which can be tolerated without abort
or repaired without significant program delay.

_. The separation of two or more entities (i.e. systems, functions, elements) into two or
more paths or groups, by physically placing these entities in location or routes where no contact
or cross talks can take place.

Interchangeability. An item which (1) processes such functional and physical characteristics as
to be equivalent in performance, reliability and maintainability, to another item of similar or
identical purpose and (2) is capable of being exchanged for other item (a) without selection for
fit or performance and (b) without alteration of the items themselves or of adjoining items,
except for adjustments is defined as being interchangeable.

Likelihood of Occurrence

A. Probable. Expected to happen in the life of the program.

B. Infrequent. Could happen in the life of the program. Controls have significant limitations or
uncertainties.

C. Remote. Could happen in the life of the program, but not expected. Controls have minor
limitations or uncertainties.

D. Improbable. Extremely remote probability that itwill happen in the life of the 'program.
Strong controls in place.

Line Replaceable Unit (LRU). A combination of components, units, parts, assemblies,
subassemblies, etc., that are contained in one package or are so arranged that together the
combination i_ ,.,_,-,_m,,,,_,, ,.,, , ,,,._ . ,=,_'4,_,• _.4-.4_ _............... one ,,,ou,,d,,g, m ,=u,_,uo,,,provides a complete function(s) to the
larger entity within which it operates.

In order to aid in the further definition on an individual basis, the following list of characteristics
whichcan be attributed to a Line Replaceable Unit are provided:

A. It can be verified as ready for installation in an off-vehicle environment.

B. After installation readiness verification, it can be installed in any vehicle or GSE end item
without regard to serial number.

C. The installation does not require manufacturing type tooling of dimensional or other similar
nature. .

D. It does not require engineering support during the installation or removal.

E. It does not require more time or involve more spares costs or other resources than its next
assembly for installation or removal.

1- Load Interface. Load i.rtteff.aceis defined as the point of power input to the
subsystem/equipment/component being supplied for Shuttle use.
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Mating. Bringing two vehicles together, in rigid combination, in space, by whatever means,
methods and hardware systems available. (For the ODS, this includes capture, docking and
the establishment of sustained physical interfaces.)

Mating/Demating System. Hardware/systems management software on the Orbiter side that
are necessary to accomplish mating/demating of vehicles. The system(s) may be existing or
yet to be provided hardware/software.

Maintenance

A. Organizational - Level Maintenance. Maintenance performed on vehicle subsystem and
related support equipment in direct support of the turnaround flow. It includes scheduled
and unscheduled servicing and maintenance action. It involves removal and replacement of
LRUs, but does not include disposition, repair, service, calibration, and verification of the
removed LRUs.

B. Intermediate-Level Maintenance. Maintenance that is performed in direct support of
organizational-level maintenance and involves disposition, repair, service, calibration, and
verification of items removed during organizational maintenance. It normally excludes
activities requiring equipment, facilities, or skills which can be provided more economically
at the depot level.

C. Depot-Level Maintenanoe. Maintenance that is performed by designated maintenance
._--'- sources, e.g. manufacturers, USAF Air Material areas, NASA development centers, etc. It

normally consists of maintenance that requires equipment, facilities, or skills that are not
economically available at the intermediate level, e.g., repairing, modifying, overhauling,
reclaiming, or rebuilding parts, assemblies, subassemblies, components, and end items;
emergency manufacturing of unavailable parts; technical assistance for the organizational
and intermediate maintenance levels.

13. Unscheduled Maintenance. The unscheduled actions performed, as a result of failure
(including incipient failures), to restore an item to a specified condition.

i--. ,ScheduledMaintenance. The attempt to retain an item in a specified condition through
systematic inspection, detection, and servicing for the prevention of incipient failure.

jvlultipaction. A special coronal effect occurring when the condition of electron transit time is in
lesonance with applied ac voltage. Multipaction facilitates continuation of an arc which
originates from corona.

J_lear-ReaI-TimeMonitorinq. Notification of changes in inhibit or safety status on a periodic
--- basis-(nominally once-per orbit)_Near-real=tim_monitoring-may-be accomplishe-d-viagrbQ_-d

('rew monitored telemetry dat&

.Operating Capability. The capability of an item to perform its intended function in accordance
with its predetermined design/performance criteria.

.Operating Cycles. The cumulative number of times an item completes a sequence of
activation and return to its initial state; e.g., a switched-off sequence, a
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valve-opened/valve-closed sequence, a tank pressurized/depressurized, dewar cryogenic
exposure/drain.

Operating Life. The specified operating time/cycles at defined worst case environmental
conditions which an item can accrue before replacement or refurbishment without risk of
degradation of performance beyond acceptable limits.

OperationalInstrumentation. Operat ona Instrumentation provides the performance data
necessary for crew to control, operate and assess the status of the Shuttle system and
associated elements during the mission. The principle functions of operational measurements
are to provide intelligence or normal subsystem management and for malfunction analysis to
establish reconfiguration modes in the event of an inflight anomaly.

Preliminary_Design Review (PDR). A formal technical review of the proposed design approach
for a contract end item prior to or very early in the detailed design phase to assure that the
engineering approach is acceptable, this shall represent approval to begin detail design (10%
drawing release and 90% design complete). The review shall be held for each configuration
item or aggregate of configuration items to (1) evaluate the progress, technical adequacy, and
risk resolution (on a technical, cost, and schedule basis) of the selected design approach, (2)
determine its compatibility with performance and engineering requirements of the development
specification, (3) evaluate the degree of definition and assess the technical risk associated with
the selected manufacturing methods/processes, and (4) establish the existence and
compatibility of the physical and functional interfaces among the configuration item and other

: items of equipment, facilities, computer software, and personnel.

The PDR is not considered formally complete until the contracting agency provides formal
acknowledgment indicating approval or contingent approval pending satisfactory completion of
resultant action items.

The PDR establishes the "design-to" baseline and ensures that it meets the program, project,
system, subsystem..,or specific --.-...h=_lin_.-,rc'n'_,.t_,._,'iramard'e,,_, ,,.. The PDR process w,,,.""

• Establish the ability of the selected design approach to meet the technical requirements
• Establish the compatibility of the interface relationships between the specific

configuration item and other interfacing items
• Establish the integrity of the selected design approach
• Establish the operability of the selected design
• Assess compliance with quality assurance, reliability and system safety requirements
• Address status, schedule and inter-relationships
• Establish the feasibility of the approach

Agenda - The appropriate items shall be addressed:

• Technical justification that the design meets the performance specified
• Experiment performance analysis, including an analysis of instrument accuracy

requirements
f • Design parameters, restraints and constraints

• Environmental design .v_r=nl..._,lir_m_nf_,,_,, ,_

• Interface design requirements
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• Requirements traceability results
• Design and safety codes and standards to be applied
• Results of technical feasibility modeling and testing
• Design optimization analyses
• Discussion of block diagrams
• Compliance with functional requirements and specifications
• Suitability of inherited designs and hardware
• Lists of preliminary parts, materials and processes
• Spares requirements philosophy
• Preliminary data management flow and reduction plans
• Preliminary payload integration plan
• Preliminary ground operations plan
• Preliminary flight operations plan

• Requirements and plans for support equipment, including Field Support Equipment
(FSE)

• Preliminary re!lability analyses, including single-point failure mode policy
• Preliminary system safety analyses
• Quality Assurance Plan
• Hardware verification plans
• Hardware and software development plans and schedules (including verification tests

or analyses to be performed)
• Present status of item under review, including cost and technical developments

_-- • Risk management activities
• Mock-ups, Models, Breadboards and prototype hardware
• Developmental Test Data

Major Documents

Drawings level 1 and 2 (production prototype and limited production)
Preliminary Interface Design Document
Interface Control Drawings (iCDs)

During the PDR, special attention is directed toward interface documentation, high risk areas,
long lead times, and system level trade studies that integrate preliminary design concepts.

Deliverables at PDR

Drawings level 1 and 2 (production prototype and limited production)

Preliminary Interface Design Document
-InterfaceControl Drawings-(IeDs)....
Lists of preliminary parts, materials and processes
Block Diagrams
Quality Assurance Plan
Hardware Verification Plans
Mockups, Models, Breadboards and prototype hardware

Qualification. The demonstration of required performance under environmental conditions
which is accomplished on individual units or subassemblies (LRUs) to substantiate the
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compliance of that particular design of hardware to the Orbiter environmental requirements and /specified condition. Environmental qualification may consist of test or of comparative analyses
and will establish the functional capabilities of each unit under Orbiter environmental conditions.

Redundancy. The use of more than one means of accomplishing a given function where more
than one must fail before the article fails to perform.

Preflight Checkout. Verifies that the flight hardware functions within prescribed limits when the
subsystems are operated alone, or together as an integrated vehicle.

Reliability. A capability of a system, or any element thereof, to perform satisfactorily its
intended mission in a designated environment.

Real-Time Monitoring. Immediate notification to the crew. Real-time monitoring shall be
accomplished via the use of Orbiter failure detection and annunciation system or by ground
crew monitored telemetry data.

_. The final separation of the physical connection of two vehicles such that each vehicle
acts as a free-body.

Resource Transfer. Transfer of services or consumables, such as electrical power, water,
command and data signaL communication signals etc., back and forth between two vehicles
subsequent to mating and connection.

Risk. The chance (qualitative) of loss of personnel capability, loss of system, or damage to or
loss of equipment or property.

Separation. The termination of physical contact between the two vehicles.

Single Fault Tolerant. The capability to sustain a single failure and stillcomplete the intended
function or operation in a safe but possibly degraded mode. A subsequent component failure in
the system could result in an inability to complete the function.

Shelf Life. That pedod of time during which an item can remain in storage without having its
operability affected. Preventive maintenance, servicing, and replacement of age,sensitive
material parts shall be permitted on a scheduled basis during the storage period.

Sheltered. Pertaining to a warehouse-type facility, enclosed, and providing protection against
environmental conditions.

Shop ReplaceableUnit (SRU). An !ntegra!_subassemblyof an LineReplaceable Unit
consisting of units and parts or a combination of parts so arranged that together the
combination is common to one mounting; and in addition, provides a complete function(s) to the

wl,,,h, which it operates.

Significant Surface. That surface area which contacts the service fluid(s) of the system.
j_

Single Event Upset.
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Single Failure Point. A hardware failure which, by itself, could result in a safety hazard or
serious impairment (or loss) of functional capability.

Stress. For the purpose of interpretation of this section, the following definitions will apply:

A. Limit Load. The maximum load or maximum operating pressure expected on the structure
during mission operations, including intact abort.

B. Ultimate Factor of Safety. The factor by which the limit load is multiplied to obtain the
ultimate load.

C. Itimt_. The limit load multiplied by the ultimate factor of safety.

D. Allowable Load. The maximum load which the structure can withstand without rupture or
collapse

E. Maximum Operating Pressure (Limit Load). The maximum pressure applied to a pressure
vessel by the pressurizing system with the pressure regulators and relief valves at their
upper limit and with the maximum regulator fluid flow rate.

F. Proof Pressure. The pressure to which pressurized manned compartments and production
pressure vessels, including lines and components, are subjected to fulfill the acceptance
requirements, in order to give evidence of satisfactory workmanship and material quality.

..... Proof pressure is the maximum operating pressure times the proof factor which is
determined by fracture mechanics analysis or 1.10, whichever is greater.

G. B_JrstPressure. Burst pressure shall be the product of the maximum operating pressure
and the ultimate factor of safety.

Structures.

A. Primary_Structure. That structure that is the basis of framework to distribute and react
external and internal loads resulting from all design flight and ground loads and their
associated operational environments.

B. SecondaryStructure. Those structures that interface with the primary structure for
structural accommodations and attachment provisions for payloads, equipment, handling,
other subsystem groups, and any item requiring structural interface with the Orbiter.

C. Secondary_Structure Atta0h Points. Those load elements that secure secondary structures
to primary structures. This includes all mechanical or physical bonding means (e.g., weld,
rivet, threaded fasteners, etc.).

Structural Safe-Life. A design approach under which structural failure will not occur because of
undetected flaws and/or fatigue damage during the specified service life of the article; also, the
period of time for which the integrity of the structure can be ensured in the expected operating
_nvironments.

Tart. 1/760 of a st&qdard atmosp,hereof 1,0t3,250/760 dynes per square cen{imeter. This is
_quivalent to defining the Torr as 1333.22 micro-bars, and differs by only one part in seven
-nillionfrom the International Standard millimeter of mercury.
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Traceability. The ability to trace the history, application, use and location of an individual item
or characteristic list of items through the systematic assignment, recording, and correlation of
control identification numbers.

Transient Voltage:

A. _. A variation from the controlled steady-state level of a characteristic, resulting from
the inherent regulation of the electric power supply system and the remedial action by the
regulator.

B.._p_j._. A variation from the surge level or from the controlled steady-state level of a
characteristic which reaches its greatest amplitude in a extremely short time. It results from
very high frequency currents of complex wave form produced when loads are switched.
Transient so generated usually consist of a train of spikes.

C. Rijp_p__.The cyclic variation of voltage about the mean level of the dc voltage during steady-
state dc electric system operation.

Undocking. The series of events which causes the separation of two joined vehicles such that
they each operate as independent spacecraft.

Unsheltered. An open area, unprotected against environmental conditions.

, --- Useful Life. The item's total life span including operating life and storage with normal
preventive maintenance, servicing, repair, and replacement of parts before item is considered
unacceptable for further usage. This life span may be equal to (throw-away), or greater than
(repair, refurbishable) the value specified for "operating life".

Verification. The verification program is defined as the process by which the design of the
systems and the implementation of that design is demonstrated by proof or positive evidence to
meet the requirements established in the Procurement Specification. The elements leading to
final verification include development tests, analyses, simulations, environmental qualification
tests and/or analyses, and assessment.

_. The contiguous free space, when the Orbiter and ISSA are docked, between the
APDS external airlock upper hatch and the ISSA entrance hatch.

Zero Failure Tolerant. No capability to sustain failures and continue the intended function in a
safe or degraded mode.

6.2 ABBREVIATIONS AND ACRONYMS

Abbreviationsand acronymsusedinthis specificationare definedas follows:

A ampere
AC Alternatingcurrent
zkCT active

i.f _.DP AcceptanceData Package
&L ActiveLatch
3rap ampere
&PDA Androgynous Peripheral Docking Assembly
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: APDS Androgynous Peripheral Docking System
ATP Acceptance Test Procedure
ATP Authority to Proceed
ATT Acceptance thermal tests
AVT Acceptance vibration tests
BITBuilt-in test
BITE Built-in test equipment
BTU Bdtish thermal unit

CDR Critical Design Review
CGCenter of Gravity
cm3 Cubic centimeter
CONN connector
CSB Connector Switch Box
Cu Copper

DA Double Amplitude
D/B Docking Base
dB decibel
DC Direct current
DCP Docking Control Panel
DCU Data Collection Unit
DM Docking Mechanism
DMCU Docking Mechanism Control Unit
DNY Downey
DPA Destructive physical analysis
DSCU Docking System Control Unit

E Exempt from Traceability
EDCP Engineering Design Change Proposal
EEE Electrical, Electronic, and Electromechanical
EMC Electromagnetic compatibility
EMU Extravehicular Mobility Unit
-NG Engineering
EPDC Electrical Power Distribution &Controi
-SD Electrostatic Discharge
-- E; h ;, a,,renhe,L

:GB Functional Cargo Block
I:SE Field Support Equipment
F/T Feedthrough
i_ Foot or feet
1_2 Square foot or feet
193Cubic feet

g Gravity
GC Generally Clean
GFE Government Furnished Equipment
Gnd Ground

........ q._SE Gr_u pl::)-ort-Equipment
GSI (U.S.) Government Source Inspection
He Helium
Hg Mercury
hr Hour
Hyd Hydraulic

f Hz Hertz (cycles per second)

I !!F Interface
il Inch
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I/O input/Output
ISSInternational Space Station
k Kilo
_,u_r,,ogr_._ to__e
kHz KiloHertz (kilocycles per second)
KmKilometers
KSC Kennedy Space Center
KV kilovolts

LACU LatchingActuator Control Unit
Ib Pound
LISN Line impedance stabilization network
LRU Line replaceable unit
m meter
ma Milliampere
MAWP Maximum allowable working pressure
max maximum
MDM Multip!exer/Demultiplexer
mg Milligram
MHz Mega Hertz (megacycles per second)
minminimum
minminutes
MIP Mandatory Inspection Point
ml Milliliter
mm Millimeter
MOhm Megohms, million ohms

,_ MOP Maximum operating pressure
MRB Material Review Board
ms Millisecond
mv Millivolt

N/A Not applicable
NASA National Aeronautics and Space Administration
NDE Non Destructive evaluation
N2 Nitrogen
N204 Nitrogen Textroxide
Ni Nickel
No.Number
nsec Nanosecond
NUM number
NVR Non-volatile Residue

O2 Oxygen
ODM Orbiter Docking Mechanism
ODS Orbiter Docking System
OI Operational instrumentation
OMS Orbital Maneuvering System

-- PACqJ Pressurization-Actuator-Oontrot--Unit- -:.......
PAS passive
Pb Lead
p_v Pulse Continuous Wave
PD Pyrotechnic Device
PDR Preliminary Design Review
PDRD Procurement Data Requirement Description

_- PDRL Procurement Data Requirements List
PHA Pigtailed Harness Assembly
PHC Permanent Human Capability
Dhm Parts per hundred million
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PIND Particle impact noise detection
PIW Pallet Interconnect Wiring
PL Passive Latch
PMA Pressurized Mating Adapter
Pni Panel
P.O. Purchase order
POS Probability of Suffic ency
prot. protection
psi Pounds per square inch
psia Pounds per square inch absolute
psid Pounds per square inch differential
psig Pounds per square inch gauge
PSU Power Switching Unit
PTC Pyro Test Cable
Pwr Power

Q Magnification factor
QAR Quality Assurance Representative
QAVT Quality Acceptance Vibration Test

rf Radio frequency
R.H. Relative humidity
rms Root mean square
RTN Return

s second
SCBD Seller Configuration Baseline Document
SCC stress-corrosion cracking
SCl Seller Configuration Inspection

iii--- secsecond
SEISeller End Item
SIPStandard Interface Panel
SIW System Interconnect Wiring
3RP Standard Repair Procedure
3RU Shop replaceable unit
SS (APDS) switching system
;3TBD Starboard
_td Standard
STE Special Test Equipment
'SWSwitch
SWA Statement of Work Authorization

"FBD To be determined by Buyer
"I'BS To be supplied by Seller
"FLLot Traceability
"r/RTransmit/Receive
rs Serial Traceability

usec Microseconds

---- J/a_ --_olt_alternating current
Vdc Volts direct current

WUC Work Unit Code

f--

i
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T I :TPOWER !

TRANSFER _ _ L .M
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........................ V DEO/

F f m =DATA, TRANSFER
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' _ TO MDM
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I

I
POWER _ I = I

(ORBITER)_ P S Ul D C P = LOGIC!POWER
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Figure 1. APDS functional diagram
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i m ..... 2. APDS inte_ace diagram
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140

lOO

6O

4O
b c

0 0,1 0.2 0.3 0.4

TIME-SECOND

Conversion is based on deficit Volt-Second under the normal Volt-Second Input

V1 = Voltage Transient Surge T1 = 0.08 Second
T1 = Time to Reach Peak Voltage T2 = 0.27- 0.08 = 0.19 Second
T2 = Post-Peak Transient Time Ap = 646 Squares
Ap = Area within abda An = 218 Squares
An = Area within bcdb Ap = 646 - 218 = 428 Squares
Tp = Equivalent Duration Ts = T1/2 + Tp = T1/2 + T2(Ap/(ap+an)

of Peak Voltage = 0.8/2 + 0.19(428/646)
Ts = Duration of the Step Function = 0.04 + 0,19(_.663)

at the peak voltage = 0.04 + 0,126 = 0.166 Seconds

Figure 3. Conversion of an undervoltage surge to its equivalent step function
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140 l
]

Volts-AC Vt = Produced
conditions of limit 1
figures 2.3 and 4

120

FJ

100

0 0.04 0.08 0.12 0.16 0.2

Time-Seconds

Conversion is based on deficit Volt-Second Over the normal Volt-Second Input

VI = Voltage Transient Surge T1 = 0.022 Second
T1 = Time to Reach Peak Voltage T2 = 0.118 - 0.022 = 0.096 Second
T2 = Post-Peak Transient Time Ap + An = 648 Squares
Ap = Area within abda An = 259 Squares
An = Area within bcdb Ap = 648 - 259 = 389 Squares
Tp = Equivalent Duration Ts = T1/2 + Tp = T1/2 + T2 Ap/(Ap+An)

of Peak Voltage = 0.022/2 + 0.096(389/648)
"l's=__Duration-of-the-Stel_Eun ction...... =0.014-_+-&096(_60) ..........

at the Peak Voltage = 0.011 + 0.0575 = 0.0685 Seconds

Figure 4. Conversion of an overvoltage transient surge to its equivalent step function
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23.0 V

20 -- 21.0 V INTERMFFI'ENT DUTY EQUIPMENT
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TIME (SECONDS)

- Figure 5. Transient surge of DC Voltage step function loci limits during normal
equipment switching conditions
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: Figure 6. Transient surge of DC Voltage step function loci limits during abnormal
switching conditions
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Figure 7. Transient surge of DC voltage step function loci limits during emergency .
...................... switching conditions
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, __ F (KHz)
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Figure 9. Frequency characteristics of ripple voltage in 28 Vdc electrical system
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Figure 10. Space Shuttle primary grounding system
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MAINBUS A MAIN BUSA MA_! BUS B ESSENTIALBUSA ESSENTIALBUS B
i

,, _ k.

BUYER BUYER BUYER

SELLER SELLER

i =,_ i i _uPAiI=PBI _u,_
* SINGLEPOWERINPUT * REEX.INI3ANTPOWERtNPL,r]'s * BINGLEPOWERINPUT
* NOIkP,EDUNDANT * COMMONOR SEPARATEEQUP. ENCLOSURES * SENSITIVETO POMVER

(A) (B) . j "rRANSI_,r'rs
L f OR

I* MOIRETHAN3 REDUNDANT

l POWERINF:UI'SMAINBUS A MAI'qBUS B (C)

/ .....;;.... \
Figure 11. Isolation of power sources
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Figure 13. Limits for CEO3and CEO4narrowband emissions
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10% of supply voltage or

3 Vrms, whichever is
Volts --F-- less

of supply voltagei
1 Vrms, which- t

I greater q

I
r

0.01 O.l 1 I0 100 I000

Frequency (KHz)

Figure 14. Limits for CS01
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0
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j t-_'gure 15. Limits for CS01 Orbiter 28 Vdc power
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V-
I

LiNE I I

IMPEDANCE _,_ .-e"_ - FULL
TEST _'_ ELECTRICALII SOU_E I STABILI-I I

" ....... -- "-4-"-l.J+._NETWORZATION U :I 8_ .... LOAD IsuPPORTI

@2L I I EQUIPMENT I

 REOOIREDI

SCOPE ;
!

Figure 18. 28 Vdc power transient generation test set up (TT01)

L1 R1

-F O ; ;: O

R3

INPUT 01 _ _ TEST-_-- Z

POWER "-7-- _ SAMPLE

! R4

O

L2 R2

R1, R2 = 0.25 OHM OR ACTUAL LINE RESISTANCE IF_KNOWN ....
R3, R4 = 0.25 OHM
Cl = 19,000 uF 75 V ELECTROLYTIC
Li, L2 = 4 uH

Figure 19. 28 Vdc impedance stabilization network (LISN) schematic diagram
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! i II' .... ' _'=
_,i ' Line Impedence Stabilization Network

i i (LISN) Impedance versus Frequency .

1o I If =
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N
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0.1 1 10 100 1000 10000

FREQUENCY (KHZ)

Figure 20. Line impedance stabiiization network (LiSN) frequency versus impedance
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NOTES

1. The oscillogram shall include a time about 3D long with a pulse located approximately in the
, ,_- center. The acceleration amplitude of the ideal half-sine pulse is "A" and its duration is "D".

The measured velocity change (which may be obtained by integration of the acceleration
pulse) shall be within the'limits Vi ± 0.1 Vi where Vi is the velocity change associated with

the ideal pulse which equals 2 AD/=. The integration to determine velocity change shall
extend from 0.4D before the pulse to 0.1D after the pulse.

2. Amplitudes "A" and durations "D": a) 100 g's, ;i to 3 milliseconds
b) 40 g's, 3 to 5 milliseconds

Figure 21. Half sine shock pulse configuration and its tolerance limits
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ei _ SYSTEM I_ , Eo IRL = Typioaloutputi

l Termination
RL Ei = Voltacle in

Eo = Voltage out

1.2
Upper Limit

1.1 _

1
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_ 0.6
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Figure 22. Shock measuring system frequency response
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Figure 23. Double exponential voltage waveform
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Figure 24. Risk matrix
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Appendix I

10. BSSBOARD

10.1 SCOPE

This appendixestablishesthe performance,design development,and verificationrequirements
for the Brassboard model of theAPDS.

10.2 APPLICABLE DOCUMENTS

N/A

10.3 REQUIREMENTS

The requirementsof Section 3 of the basic specification apply, except as follows:

10.3.1 Item Definition

The Brassboardshall be a complete representationof the EnergiaDockingSystem in regardto
form, fit, and function. The Brassboardshalldemonstratethe capabilityto meet electricaland
mechanicalperformance requirementsfor dockingand undockingoperations. The pyrotechnic
release devices shallbe replaced by inertdeviceswhichare electricallyequivalent. The

! _" Brassboard need not be certified for flight must be of a quality sufficient to be operated with
flight hardware and must match the flight configuration.

The Brassboard consists of the following subsystems;

A. Androgynous Peripheral Docking Assembly (-6001 configuration)

B. Docking System Control Unit

3. Power Switching Unit

3. Latch Actuator Control Unit

-. Docking Mechanism Control Unit

I--. Pyro Firing Control Unit

G. Pressurization Actuator Control Unit (2 units)

.... H_D_t_-C611e_tiS_Uni_-(2-L]_its_...............

I. Docking Control Panel

J. System Interconnecting Wiring

K. Pallet Interconnecting Wiring

" . i

I
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L. Pigtailed Harness Assemblies

M. Switching System (Connector Switch Box and associated cables)

10.3.1.1 Functional Definition

The Brassboard shall use simulated Orbiter power and telemetry systems to demonstrate the
following:

A. Ability to capture the ISS spacecraft at the Docking System Passive Capture Ring

B. Ability to perform a docking and undocking sequence (i.e. capture, retract, structural mate)

C. Ability to meet the APDS design performance requirements of the Avionics Units includ ng
power switching and controls, fault detection and annunciation, data collection, system
redundancy, operation at all power levels, system inhibits and monitors, system grounding,
and manual backup to automated sequences.

D. Ability to meet EMC qualification requirements. The qualification testing will be conducted
by Buyer at Buyer's facility.

10.3.1.1.1 Item Diagram

A simplified functional block diagram of the Brassboard is illustrated in Figure 10-A.

_i"-" 10.3.1.2 Interface Definition

10.3.1.2.1 Electrical Power Characteristics

The requirements of 3.1.2.1 of the basic specification apply.

10.3.1.2.2 Mechanical Interface

The requirements of 3.1.2.2 ot ttle basic specification apply except for the APDA: mounting
provisions shall be provided for the APDA.

10.3.1.2.2.1 Connectors

The Brassboard shall have connector locations and pin assignments as shown in the applicable
appendices of the items identified in 10.3.1.

•10.3.1.2.3 Cooling

__ S_Qoling_air_shall_noLbe4"equired_forthe AvionicsJJnits provided-the-BFassboard-is-not-powered .....
3n continuously for longer than 4 hours with minimum 30-minute power-off intervals.

10.3.1.2.4 Instrumentation

'The requirements of 3.1.2.4 of the basic specification apply.
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i0.3.1.3 Item Identification

The Brassboard shall be identified as follows:

Buyer Seller Maintenance
Nomenclature _ _

APDA MC621-0087-9003 33U.6201.009-103 Line Replaceable Unit
DSCU MC621-0087-2002 33U.5212.005-02 Line Replaceable Unit
PSU MC621-0087-2003 33U.5114.007-02 Line Replaceable Unit
LACU MC621-0087-2004 33U.5212o007-02 Line Replaceable Unit
DMCU MC621-0087-0005 33U.5212.011 Line Replaceable Unit
PFCU MC621-0087-0006 17KS.10Yu.2601A-0 Line Replaceable Unit
PACU MC621-0087-0007 33U.5212.006 Line Replaceable Unit
DCU MC621-0087-0008 TA 082 Line Replaceable Unit
DCP MC621-0087-0009 SLIYu.468312.001 Line ReplaceableUnit
Pigtail wire sets N/A SLIYu.374511.010 Line Replaceable Unit

SLIYu.374511.011 Line Replaceable Unit
SLIYu.374511.018 Line Replaceable Unit
SLIYu.374511.019 Line Replaceable Unit

CSB MC621-0087-0011 SLIYu.642522.001 Line Replaceable Unit

___ 10.3.1.3.1 The APDA and all pallet Line Replaceable Units shall be permanently and
obviously identified with the words "ENG TEST ONLY," in addition to the identification required
by the Drawing or Specification to preclude use on production items. The letters shall be
indelible and provide a distinctive and vivid contrast with the color of the specimen. The
lettering size and identification location shall be clearly visible to the casual observer. Materials
used for the identification shall be compatible with the test specimen and its operating
environment. When the size or configuration of the test specimen is such that identification
cannot appear on the specimen, other suitable means such as attached metal tags shall be
used.

10.3.2 Characteristics

10.3.2.1 System Performance

10.3.2.1.1 Life

The APDS Brassboard shall be designed to provide the most cost effective life capability,
considering minimum maintenance and refurbishment and its intended usage.

" 10.3.2.1.1.1 Operating Life

The APDS Brassboard shall be capable of performing a!! operations specifed herein for a
minimum of 500 docking/undocking simulation cycles for the mechanical components and
¢,000 hours for the Avionics Units. Scheduled maintenance of time/cycle sensitive components
shall be permitted as a means to meet this requirement.r-
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10.3.2.1.1.2 Performance

The APDS Brassboard shall be capable of meeting all performance requirements specified in
th_ =pp icahl,, t ine R,,_,la,,ea_,,eUnit appendices II through A, Xili and XiV.

10.3.2.1.1.3 Useful Life

The APDS Brassboard shall have a useful life, with maintenance, of 4000 hours.

10.3.2.1.2 Design Approach

The requirements of 3.2.1.2 of the basic specification apply except that the system need not be
certified for flight.

10.3.2.1.3 Docking Operations Termination

The requirements of 3.2.1.5.1 of the basic specification apply.

10.3.2.1.4 Time Critical Separation

The requirements of 3.2.1.5.2 of the basic specification apply.

10.3.2.1.5 Inhibit

The requirements of 3.2.1.6 of the basic specification apply.

10.3.2.1.6 Health Status

The requirements of 3.2.1.7 of the basic specification apply.

10.3.2.2 Physical Characteristics

The requirements of 3.2.2 of the basic specification apply except as follows:

10.3.2.2.1 Envelope

]'he envelope of the Brassboard shall be in accordance with Appendices II through X, Xlll,
and XIV.

10.3.2.2.2 Weight

'Theweight of the Brassboard shall be minimized wherever possible.

10.3.2.2.3 Insulation Resistance

The insulation resistance of all Brassboard LRUs shall be in accordance with 3.1.2.1.6.5 of the
basic specification.

10.3.2.2.4 Dielectric Strength

the Brassboard LRUs shall be capable of withstanding voltage in accordance with 3.1.2.1.6.6
of the basic specification.

I
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10.3.2.3 Reliability

The requirements of 3.2.3 of the basic specification apply, except for 3.2.3.3 and 3.2.3.8.

10.3.2.4 Environments

The Brassboard shall be capable of operating in the standard test environment specified in
4.1.2.1 of the basic specification.

10.3.2.5 Transportability

The requirements of 3.2.6 of the basic specification apply.

10.3.3 Design and Construction

The requirements of 3.3 of the basic specification apply.

10.4 QUALITY ASSURANCE PROVISIONS

10.4.1 General Requirements

The requirementsof 4.1 of the basicspecificationapplyexceptno environmentaltestingis
required.

\

10.4.2 Quality Conformance

The requirementsof 4.2 of the basicspecificationapplyexceptas follows.

!0.4.2.1 Acceptance

Acceptance tests and inspections shall be performed on all Brassboards units delivered to the

Buyer. The Seller shall perform any other tests deemed necessary, subject to approval by the
Buyer. These acceptance tests and inspections shall be performed to demonstrate that
specified requirements have been met. Prior to delivery and as a condition of acceptance, the
Seller shall conduct the acceptance inspections and tests on each Brassboard unit as specified
for the corresponding flight units in the Appendices of this document.

10.4.2.2 Certification

The Brassboard elements must be of quality sufficient to be used with flight hardware.

10.,5 PREPARATION FOR DELIVERY

]',herequirements of Section 5 of the basic specification apply.
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Figure IO-A. Brassboard item diagram
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Appendix II

20. !SS ANDROGYNOUS PERIPHERAL DOCKING ASSEMBLIES
(APDAs)

20.1 SCOPE

Thisappendixestablishestheperformance, design,developmentand verificationrequirements
for the APDA active and passiveAPDA subassemblies.

20.2 APPLICABLE DOCUMENTS

The requirements of Section 2 of the basic specification apply.

20.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

20.3.1 Item Definition

]-he Passiveand Active APDAs shallconsistof the structureandmechanismsneededto
_apture,structurally attach and seal the active and passive docking halves. The mated

(.... systems shall provide for crew and•equipment transfer and IVA between vehicles.

APDA-3002 (Orbiter Active - Mission 2A), APDA -6001 (Orbiter Active), and APDA -7001 (ISS
Active) shall include the structure and guide ring and the capture latch, structural hook and
extend/retract/attenuation mechanisms. The active APDAs shall be capable of providing
_,ompliancewith 6 degrees of freedom. APDA -6001 shall have pyrotechnic release devices for
1hestructural hooks. Except as specifiedotherwisein this Appendix,APDA-3002(OrbiterActive -
!vlission2A) shall be built in accordancewith the requirementsof JSC-26877. The other active
APDSs shall be built in accordancewith the requirements of this Appendix.

APDA -8001 (ISS Passive) shall include the structure and stationary guide ring, and the
.,;tructuralhook mechanism. The -8001 APDA shall not have pyrotechnic release devices for
the structural hooks.

"'he axes of the docking system shallbe referenced in this Appendixas XT, YT and ZT and
(_)rrespondwith Orbiter axes Zc, Yo and -Xo, respectively,as shown in Figures20-A, B, C, and D.

F:igures20-A, B, C, and D showthe activeand__passive._dockingAP_DAsfor the Orbgerand ISS. _.

;'.0.3.1.1 Subsystem Definition

"]'heAPDA as shown in Figures 20-A, B, C, and D consists of the following subsystems;

I APDA-6001 and-7001
f

A. Structural Hook Mechanism

j B. Structure (Base, Guide Ring, and Seals)
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" C. Resource Electrical Connectors
D. Indicators

E. -Undocking Sensors, Temperature Sensors, Hook Status Sensors, Capture Sensors
F. Heaters
G. Pushers
H. Capture Latch Mechanism
I. Extend/Retract and Attenuation Mechanism
J. Pyrotechnic Release Device (-6001 only)
K. The pyrotechnic release device is addressed as a separate Line Replaceable Unit in

Appendix XlI.
II. APDA -8001

A. Structural Hook Mechanism

B. Structure (Base, Stationary Guide Ring, and Structural Seals)
C. Resource Electrical Connectors
D. Indicators

Undocking Sensors, Temperature Sensors, Hook Status Sensors,
Capture Sensors, Hatch Sensors

E. Heaters
F. Pushers

G. Hatch Assembly with Docking Target
H. Laser Reflector
I. Pressure Equalization Valve

t_ J. Data Buss Switch

20.3.1.1.1 Functional Definition

,&PDA-6001 and -7001 shall perform all primary functions. APDA -8001 shall have the
capability to perform back-up structural latching and unlatching. The APDA shall:

APDA-6001 and-7001

A. Capture the passive APDA body mounted capture latches.
B. Attenuate docking loads during capture and attenuation, and limit the relative vehicle

motions.

C. Align, structurally attach and seal the active and passive APDAs.
D. Provide IVA passageway
E. Provide for the demating of the spacecraft.
F. Allow for termination of docking operations and separation of vehicles at any point in the

docking process and shall not prevent the remating of the vehicles during the same
mission.

G_AIIow for resource_transfer_between.vehicles

II. APDA -8001

A. Align and structurally attach the active and passive APDAs.
B. Provide IVA passageway
C. Provide for the demating of the spacecraft.
D. Allow for termination of docking operations and separation of vehicles at any point in the

docking process and shall not prevent the remating of the vehicles during the same
I mission.
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/:. Allow for resource transfer between vehicles

F. Provide for pressurization equalization through the hatch
G. Provide capability to close the ISS data buss loop upon demating.

20.3.1.2 Interface Definition

20.3.1.2.1 Electrical Power Characteristics

The requirementsof paragraph3.1.2.1 of the basic specificationapplyexcept as follows:

20.3.1.2.1.1 Electrical Interface

The electrical interfaces of the Orbiter to the -3002 and -6001 APDAs shall be in accordance
with Figures 20-A and B. The electrical interfaces of the ISS to the -7001 and -8001 APDAs
shall be in accordance with Figures 20-C and D.

20.3.1.2.1.2 Electrical Interface Connectors

Electrical connections between the -3002 and -6001 APDAs and the Orbiter shall be located
according to Figures 20-A and B. Electrical connections between the -7001 and -8001 APDAs

and the ISS shall be located according to Figures 20-C and D. Connectors and pin assignments
at these interfaces, for other than resource transfer, are shown in Tables 20-1,J, K, and L.

20.3.1.2.1.3 Resource Transfer Umbilicals

The four resource transfer umbilicals, referred to herein as X1 through X4, shall be mounted
along the external surface of the APDA structure (base) per Figures 20-A, B, C, and D. The
resource transfer pin assignments and functions for the -6001 and -8001 APDAs shall be per
Tables 20-G-1 and -2. The resource transfer pin assignments for the -7001 APDA shall be as
specified in Tables 20oG-3 and 20-G-4. The connectors shail be engaged and disengaged by

qook opening.

20.3.1.2.1.3.1 Umbilical Circuit Protection

-or the power transfer circuit of the X1 and X2 umbilicals, circuit protection requirements may
be met as shown in Figures 20-D and 20-E. Each individual wire of the power circuit (+, -, fault
bond) shall be double insulated and each bundle of wires shall be wrapped double thickness.

20.3.1.2.2 Mounting

The mounting provisions _o_fthe APDAs shall be as shown in Figures 20-A, B,_C,_andD.........

20.3.1.2.3 APDA/Orbiter Interface

I -'he -3002 APDA/Orbiter interface and -6001 APDA/Orbiter interface shall be in accordance

with Figures 20-A and B.

f -

I
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:2C).3.1.2.4 APDA/ISS Interface

The -7001 APDA/ISS interface and -8001 APDA/ISS interfaces shall be in accordance with
Figures 20-C and D.

20.3.1.2.5 Active APDA/Passive APDA Interface

The active and passive APDAs shall be designed to mate under the loads, relative velocities,
and relative misalignments of Table 20-A.

20.3.1.2.6 Pressure

20.3.1.2.6.1 Maximum Operating Pressure

The APDA structure shall be able to withstand and maintain a maximum operating pressure
delta of 1.12 kg-force/cm2(16.0 PS0from the APDA interior to exterior.

20.3.1.2.6.2 Maximum Allowable Working Pressure

The APDA structure shall be able to withstand and maintain a maximum allowable working
pressure delta of 1.05 kg-force/cm2(14.9 psid) from the APDA interior to exterior.

20.3.1.2.6.3 Minimum Allowable Working Pressure

_-- The APDA structure shall be able to withstand and maintain a minimum operating pressure
delta of 0 kg-force/cm2 (0 psid) from the APDA interior to exterior.

20,3.1.2.6.4 Pressure Seal

20.3.1.2.6.4.1 Total Leak Rate

The total (combined) leak rate of a mated passive and active APDA blanked at each end (with
passive APDA hatch open or closed) is not to exceed 0.045 kg-mass/day (0,1 ibs/day) at
pressure of 1.03 + 0.02 kg/cm2 (14.7 + 0.3 psid) internal to external.

20.3.1.2.6.4.2 Sealed Interfaces

Seals utilized in line installations or other sealingdevices shall include back-up,

APDA-6001 and-7001

A. base installation interface seals
B. mating seals

ii. APDA-8001

A. base installation interface seals
B. hatch seals

:.)0.3.1.2.7 Seal Characteristics

-TBD

i
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' 20.3.1.3 Item Identification

The APDA and pyrotechnic subassembly shall be identified as follows:

Nomenclature Buyer Part No. Seller Part No. Maint. Level
Active APDA MC621-0087-3002 33U.6201.008-05-005 LRU
Active APDA MC621-0087-6001 33U.6201.008-09 LRU
Active APDA MC621-0087-7001 33U.6201.008-05-004 N/A
Passive APDA MC621-0087-8001 33U.6201.008-08 LRU
Pyrotechnic Release Device (See Appendix XII)

20.3.2 Characteristics

20.3.2.1 Performance Characteristics

The requirements of section 3.2.1 of the basic specification apply except as follows.

20.3.2.1.1 Life

The requirements of Section 3.2.1.1 shall apply, except that the pressure equalization valve of
APDA-8001 need only meet the life requirements of 20.3.2.2.19, and the hatch mechanism of
APDA-8001 need only meet the life requirements of 20.3.2.2.18.2.

i.... 20.3.2.1.2 CG and Moment of Inertia

The center of gravity (CG) of the mechanism shall be determined in three axes from a defined
"eference datum shown in Figures 20-A, B, C, and D. The moments of inertia shall be
:alculated about the CG of the APDA.

:20.3.2.1.3 Forces, Moments and Dynamic Excursion Limit

The APDA shall limit the mating fnrces, moments and ,4 ._;................ yna,,,,,, e^uu,o,_,,_ ,_ Lhuinterface to
_hosedefined inTable 20-A with the spacecraft mass properties defined in Tables 20-E and 20-F.

20.3.2.1.4 Vehicle Undocking

The four separation plungers (two on each system) shall induce an initial separation force of
250 kgf (551 Ibs) minimum and 270 kgf (595 Ibs) maximum. To demate, the work (energy)
applied shall be between4.0 kgf-m (28.9ft-lbs) and 4.3 kgf-m(31.1ft-lbs).

20.3.2.2 Physical Characteristics ........

"['herequirements of Section 3.2.2 of the basic specification apply except as follows:

20.3.2.2.i Envelopes

;._0.3.2.2.1.1 APDA
_J

--he envelope of the APDAs shall not exceed the dimensions shown in Figures 20-A, B, C,
I and D. The APDA shall provide a minimum ..,_ar interna, struc,ural diameter of 29.5 inches.

I
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20.3.2.2.1.2 Interface Hardware

20.3.2.2.1.2.1 Resource Transfer Umbilicals

The envelope of the resource transfer umbilicals shall not exceed the dimensions shown in
Figures 20-A, B, C, and D.

20.3.2.2.1.2.2 Laser Reflector

The envelope of the -8001 APDA Laser Reflectors shall be as shown on Figure 20-D.

20.3.2.2.1.2.3 Docking Target

The envelope of the -8001 APDA Docking Target shall be as shown on Figure 20-D.

20.3.2.2.1.2.4 Data Bus Transfer Switches

The envelope of the data bus terminator switches on the -8001 APDA shall be as shown on
Figure 20-D.

20.3.2.2.2 Weight

]-heweight of the resource transfer umbilicals, panels, and mounting hardware shall not exceed
9.1 kgf (20 Ibs). The weight of the laser reflector shall not exceed 0.5 kgf (1.1 Ibs). The weight

_ _f the APDAs, not including the resource transfer umbilicals and the laser reflector, shall not
_=xceedthe following:

A. -6001 300.0 kg

iB. -8001: 210.0 kg

C. -7001: 300.0 kg

20.3.2.2.3 Strength

The APDA shall have adequate strength and stiffness at the design temperature to withstand
limit loads and pressures without detrimental yielding and ultimate loads and pressures without
1allure. The load combinations are defined in Table 20-A. The APDA shall exhibit a minimum
margin of safety equal to zero.

20.3.2.2.4 Factors of Safety

"-he requirements of Section 3.3.9.13 of the basic specification apply.

20.3.2.2.5 Fracture Control

I_ addition to the ultimate factors of safety, designs shall consider the presence of sharp cracks,
c:rack-likeflaws or other stress concentrations in determining the life of the structure for
._ustained loads and cyclic loads coupled with environmental effects. This is applicable to parts
t_at if they fail would cause a catastrephie hazard.

i
FORM M 131-H-2 REV 9-87 7-17-98



CODE IDENT, NO. 03953

.... ' NUMBER
JSC 26938 PAGE 156 I

20.3.2.2.6 Fatigue

Safe life design shall be adopted for all major load carrying structure. The structure shall be
capable of.........suA/i,,ing ,,,itho,,,,,+failure a ",OL_,'_'number of mission cycles that is four times greater
than the total number of mission cycles expected in service (shown by analysis or by test
through a rationally derived cyclic loading and temperature spectrum). This does not preclude
a fail-safe design approach.

20.3.2.2.7 Creep

The design shall preclude creep which could lead to rupture, detrimental deformation or creep
buckling of compression members during their service life.

20.3.2.2.8 Insulation Resistance

The insulation resistance value between any isolated circuit and the case or enclosure shall be
20 megohms minimum using a potential of 100 Vdc under normal conditions. The insulation
resistance shall be measured between mutually insulated parts with all power sources and
loads disconnected.

20.3.2.2.9 Dielectric Strength

The APDA shall be capable of withstanding 200 Vac for 1 second. There shall be no arc-over
..... or leakage greater than 100 milliamperes. The Seller's installation drawing and other applicable

documents shall include any necessary caution notes regarding dielectric or other test voltages
with regard to connected terminals, terminals across capacitors, integrated circuits,
semiconductors and other polarity sensitive devices. Buyer must approve any variation with
this requirement.

20.3.2.2.10 Exterior Surface Finish

Interacting surfaces shall be sufficiently smooth and wear resistant such that particle generation
will not preclude the normal functioning of the item as specified herein.

20.3.2.2.11 Cycle Definition

I-or purposes of life certification, as defined in 20.3.2.1.1, one APDA cycle is defined to include
one capture latch operational cycle (per 20.3.2.2.12.1.6), one structural hook operational cycle
qper20.3.2.2.12.2.8), and one attenuation mechanism operational cycle (per 20.3.2.2.12.3.12).

I Subsystem Requirements
20.3.2.2.12

--[ "Fhe-fSIIS-wingsecti6_ _l_ibe the requirements of each mechanical subsystem as an installed .......

I subsystem of the APDA.

I :!0.3.2.2.12.1 Capture Latch MechanismAPDA -6001 and -7001 shall be equipped with capture latches. The capture latch mechanism
consists of two roller/latch assemblies on each of three guides. Each latch pair is driven by a
single motor to the initial and released positions. APDA -8001 shall be equipped with body
rlounted latches.

FORM M 131-H-2 REV 9-87 7-17-98



CODE IDENT.NO. 03953

I I I__ , JSC26938 IA IB I Cl i i i I I 157

20.3.2.2.12.1.1 Load/Stroke

A. The combined compression force'required to depress the three capture latch roller pairs in
the capture _,,_i+_,,,, ,,,4_k.^^_......... a..... ,,== capture latch sensors shall not exceed 16 kg.

B. With the capture latches in the released position,the axial load to disengage (separate)
shall not exceed 12 kgf.

C. The capture latches and body latches shall engage with 2.0 +/- 0.1 mm clearance between
the guide rings.

D. When captured, displacement of the rings along the YT and ZT axes shall be 3 mm max.

E. The gap between the guide rings shall be from 0 to 3 mm at aligned rings with no load, and
4 mm max with 150 +/- 20 kgf applied in tension along XT axis.

F. Capture latches shall unlock with total axial force of 2!00 + 100 kgf applied in tension and
23 Vdc applied to the motor.

20.3.2.2.12.1.2 Limit Load

With the mechanism in the initial position, the capture latches and the body latches while
engaged shall be able to withstand a 500 kgf-m moment and a 2200 kgf. axial load
independently applied without release or degradation of performance capability.

20.3.2.2.12.1.3 Ultimate Load

With the mechanism in the initial position, the capture latches and the body latches while
_=ngagedshall be able to withstand a 700 kgf-m moment and a 3000 kgf axial load
ndependently applied without release or degradation of performance capability.

.20.3.2.2.12.1.4 Load Application Angle

The angle of load application required to trip the capture latches to release shall be 0° (parallel
lo the guide surface) to 5° minimum.

:.)0.3.2.2.12.1.5 Speed/Rate

"/'he time to operate from the release to the latch position, or from the latch to the release
position shall be 10 seconds max under any operating condition. Motor current operating with
no load not to exceed 0.13 A per motor.

20.3.2.2.12.1.6 .Operational _Cycle_............

An operational cycle is defined as operating the latch to the capture position, capturing,
_..4thstandingattenuation and retra,.,,o.... a,_s,_nd,_p=,_,,,,,uto ,,,= release position.

20.3.2.2.12.1.7 Stall/Max Load

The maximum output torque of the motor shall not exceed the limit load of the mechanism.
-- |

I
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:_0.3.2.2.12.1.8 Aiding Load

An aiding limit load on the capture latch shallnot cause overspeedingresulting in motor damage.

20.3.2.2.12.1.9 Irreversibility

The capture latch shall be irreversible to the limit load.

20.3.2.2.12.1.10 Manual Release

The capture latch mechanism shall provide means for manual release as an intravehicular
activity (IVA) by a shirtsleeve or EMU-suited crew member using special tools. When the
capture latchesare manually released,three initialpositionsensorsmust activate upon separation.

20.3.2.2.12.2 Structural Hook Mechanism

The structural hook mechanism shall consist of twelve hooks driven in two sets of six hooks
comprising alternate hooks. Each set is driven with an actuator with redundant motors powered
through a pulley and cable systemto the hooks. Each actuator shall consist of redundant motors
driving the output through a reduction unit. The redundant motors shall operate concurrently
and failure of either motor shall not affect the output torqueor the operationof the remainingmotor,
but the actuator rate may be reduced by 50%. Each of 12 hook locations shall have a passive
and an activehook. APDA -6001 only shallhavethe capabilityto releaseboth activeand passive

s-. hooks pyrotechnically (ReferenceAppendixXll). Eachactive hook shallbe equippedwith a micro
switch capable of indicating the closed position of the hook. Orbiter electric power to active
hooks on APDA-8001 shall automaticallyshut off I second after receiptof function inhibitsignal.

20.3.2.2.12.2.1 Load/Stroke

A. The !2 s,, u_.turolhooks on the APDA shaft be capable of sealing the active and passive
APDA with 40500 to 57000 kgf load.

B. Clearance between the hook and the interface plane while the hooks are in the intermediate
position shall be 4.8 mm.

C. When the structural hooks are latched with no delta pressure, the clearance between the
seal interfaces shall be 0.2 mm max on the whole perimeter of the inner side and 0.8 mm
max on the whole perimeter of the outer surface.

D. Maximum seal interface deflection shall be less than 0.5 mm at the outer diameter of the
interface surface with a delta pressure of 1.12 kg/cm2combined with mated loads on
Table 20-A-2.

20.3.2.2.12.2.2 Limit Load

The structural hooks shall be capable of operating to latch and release as well as maintaining a
,._tructuraland pressure seal under the mated loads specified in Table 20-A-2.

20.3.2.2.12.2.3 IJl_imateLoad
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The structural hooks shall be capable of withstanding a maximum opposing load of 1.5 x the
limit load when in the "latched" position without failure.

J"}a"l _ 4 A
_,_.3._.2.,2.2.,+ Stall/Maximum Load

The maximum output torque of the actuator shall not exceed the limit load of the mechanism.

20.3.2.2.12.2.5 Aiding Loads

An aiding limit load on the structural hook shall not cause overspeeding or increase the
stopping direction during operation.

20.3.2.2.12.2.6 Irreversibility

The structural hooks shall be irreversible to the limit load.

20.3.2.2.12.2.7 Speed/Rate

The operating time of the.structural hooks at 27 +7/-4 Vdc shall be as follows:

Ambient temperature, No Load

Function Dual Motor Single Motor
time, s current, A time, s current, A

f-. latch to unlatch 280 .54 500 .27

unlatch to latch 280 .54 500 .27

Operating Temperature, Operating Load
Function Dual Motor Single Motor

time, s current, A time, s current, A
latch to unlatch 320 .8 500 0.45

unlatch to latch 360 1.3 600 0.65
t

20.3.2.2.12.2.8 Operational Cycles

An operational cycle is defined as operating from the release position to the latch position and
back to the release position. All specified times and currents shall be met.

20.3.2.2.12.2.9 Mechanical Stops

The mechanism shall include mechanical stops for end of travel limits. The mechanism shall be
able to withstand 10 cycles into rne_chanicalstops with both motors operating.

20.3.2.2.12.2.10 Pyrodevices

APDA -6001 shall be equipped with pyrodevices. Pyrodevices shall assure emergency
undocking for all 12 active and 12 passive hooks. Reference requirements of Appendix XlI.
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• -I #.0.3.2.2.12.3 Extend/Retract and Attenuation Mechanism

/ APDA-6001 and -7001 shall have extend/retract and attenuation mechanisms. The

extend/retract and attenuation mechanism provides capability to extend and retract the guide
ring as well as attenuate mating loads while the guide ring is in the initial position. The
mechanism consists of a guide ring supported by three sets (six total) of ball screws which in
turn are supported on the base assembly. The ball screws are attached by universal joints on
each end. Adjacent ball screw sets are interconnected by means of a gearing between the
universal joints. One screw in each set has a left hand helix thread with the other screw having
a right hand helix to provide translational capability. The three output shafts of the ball screw
sets are summed through three interconnected differentials into a single output which drives a
spring assembly, friction brake (attenuator), and gearbox/motor/brake assembly. Three
electronically operated locks (fixers) hold the ball screws in a synchronized condition during
extend and retract. The ring is driven with an actuator that consists of redundant motors driving
the output through a reduction unit. The redundant motors shall operate concurrently and
failure of either motor shall not affect the output torque or operation of the remaining motor, but
the actuator rate may be reduced by 50%. APDA -6001 and -7001 shall have different
attenuation systems as specified in the following paragraphs.

20.3.2.2.12.3.1 System Stiffness and Damping Characteristics

The system level preload, stiffness, damping, slip limits, and stroke limits for three translational
and three rotational axes in compression and tension shall be sufficient to meet the

:' _" performance requirements in Table 20-A.

20.3.2.2.12.3.1.1 Axial Slip Clutch

A. APDA -6001

The clutch shall limit the axial load to 300 +50 kgf excluding the effect of reflective inertia.
The device shall be symmetrical with 300 +50 kgf in both tension and compression. The
device shall also be able to limit the axial load during retraction to 1900 +300, - 200 kgf.

B. APDA -7001

The clutch shall limit the axial load to 1000 +200 kgf excluding the effect of reflective inertia.
The device shall be asymmetrical with 1900 +300, - 200 kgf in tension and 1000 +200 kgf in
compression.

20.3.2.2.12.3.1.2 Shock Spring

For the -6001 APDA and -7001 APDA, the shock spring characteristics shall be as shown below
Mth tolerance of +10%.

TBD

i 20.3.2.2.12.3.1.3 Bail Screw Length

A. -6001 APDA

f The length of each ball screw shall be TBD +55 mm.

13. -700! APDA
I The len£1thof each ball screw shallbe TBD.
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20.3.2.2.12.3.1.4 Initial Position

The initial position of the -6001 and -7001 APDAs shall meet the requirements of Figures 20-Band C.

20.3.2.2.12.3.1.5 Guide Ring Dampers

A. -6001 APDA

The three dampers shall be electro-mechanically capable of being activated at 5 sec. after
capture. The damping coefficient at the ball screw shaft shall be 2 kgf-cm/rad. The devices
shall be able to remain energized throughout the attenuation phase until the ring-aligned
signal is received and throughout ring extension to the forward position.

B: -7001 APDA
The damping coefficient at the ball screw shaft shall be TBD.

20.3.2.2.12.3.1.6 Guide Ring Centering Spring

A. -6001 APDA

The centering spring stiffness at the ball screw shaft shall be 2 kgf-cm/rad.

B. -7001 APDA

The centering spring stiffness at the ball screw shaft shall be 4.3 kgf-cm/rad.

..... 20.3.2.2.12.3.1.7 High Energy Dampers

A. -6001 APDA

The high energy dampers shall be activated at 5 sec after capture and remain energized
throughout the attenuation phase until the ring-aligned signal is received and throughout
ring extension to the forward position.

3. -7001 APDA

The high _n_m,, ,4=..... _ " be _ ":........ _,,_,=j ,,,,,,,_, _ s,,a,, oc,,v,=tedaL5 sec after capture and remain energized for
approximately 30 sec.

:20.3.2.2.12.3.2 L:oad/Stroke

"['he mechanism shall operate from the final position (stowed) to the initial position (capture) to
the forward position (extended), to the interface sealed position and back to the final position
(stowed) under nominal operating loads as shown in Table 20-A.

2_0.3.2.2.12.3.3 Maximum Angle of Rotation

Ivlaximum angle of rotation of the free guide ring (extended with the fixers unlocked) from the
initial position to the mechanical stop shall be:

i
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APDA -6001 -7001

relative to XT 17+-2° at 300 kgf-m 10°+1° at 300 kgf-m
relative *_ v,_, ,T 14+--2° at 500 kgf-m i4°+2 ° at 500 kgf-m

relative to Z-r 14+--2° at 500 kgf-m 14°+2° at 500 kgf-m

20.3.2.2.12.3.4 Rotational Applied Contact and Return Moments

Contact and return moments at rotation of the free guide ring shall be:

A. APDA -6001

About XT axis About YT axis About Z-Eaxis

Guide Ring Applied Return Applied Return Applied Return
Rotation Contact Moment Contact Moment Contact Moment

Moment kgf-m Moment kgf-m Moment kgf-m
kgf-m kgf-m kgf-m

Prior to 40+_20 35+_20 30+15 25_+15 25_+15 20_+10
Sensor
Initiation *

20_+6' 70+_20 60+!5 35-+15 30_+15 30+15 25-+10

_ 10°_+12' 100+__25 90+_20 40-+15 35_+15 40_+15 35_+15

14°_+30' 140_+25 130+_25 MS MS MS MS

17°_+2° 180_+35 140_+35 MS MS MS MS

Note: a) * At least one sensor shall be initiated within l°18 ' maximum
b) Mechanical Stop (MS)

3. APDA -7001

About XT axis About YT axis About ZT axis

Guide Applied Return Applied Return Applied Return
Ring Contact Moment Contact Moment Contact Moment

Rotation Moment kgf-m Moment kgf-m Moment kgf-m
kgf-m kgf-m kgf-m

Prior to 45+_20 40_+20 30_+15 25_+15 25_+15 20_+10
Sensor
Initiation *

2°+6' 85+20 70+15 35_+15 30-+15 30-+15 25_+10

8°_+30' 120+_25 110+25 .......
10°_+30' MS MS 40_+15 35_+15 40_+15 35+15

14° -- -- MS MS MS MS

i Note: a) * At least one sensor shall be initiated within i°i8 ' maximumb) Mechanical Stop (MS)
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,2C).3.2.2.12.3.5 Parallel Applied Contact and Return Forces

Contact and return forces parallel to the interface surfaces shall be:

A. APDA -6001

Direction of YT axis Direction of ZT axis

Guide Applied Return Applied Return

Ring Contact Force Contact ForceDisplacement Force
kgf Force kgf

kgf kgf

Prior to Sensor 50+25 45+15 50+15 45+15
Initiation *

50 mm 100+30 80+25 100+30 80+_25
100 mm 140_+50 110_+50 120_+50 90_+40
150 mm 180+50 150_+50 140+50 120+40
180+_20mm 200-+50 170_+50 160+50 130_+50
Note: Sensor initiation to be at 8 mm maximurr

B. APDA -7001

,_ Direction of YT axis I Direction of ZT axis
Guide Applied Return I Applied Return
Ring Contact Force Contact Force

Displacement Force kgf Force kgf
kgf kgf

i Prior to Sensor 55+_25 50+15 55_+15 50_+15
Initiation *

t 50 mm 110_+30 90+_25 110+30 90+25100 mm 190+40 160+40 180-+40 160_+30
• Note: Sensor initiation to be at 8 mrr maximum

20.3.2.2.12.3.6 Limit Load

]'he mechanism shall be capable of withstanding and attenuating the capture loads at the
_elocities and misalignments specified in l'able 20-A-1. The mechanism shall be capable of
"etracting with 1700-2200 kgf after capture.

20.3.2.2.12.3.7 Ultimate Load

I The mechanism shall be capable of withstanding ultimate loads equal to 1.4 x the limit loads.
20.3.2.2.12.3.8 Stall/Maximum Load

"Fhemaximum output torque of the actuator shall not exceed the limit load of the mechanism.I
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;)0.3.2.2.12.3.9 Aiding Loads

An aiding limit load on the mechanism shall not cause overspeeding or increase the stopping
distance during ,_,,.ratzo,,.

20.3.2.2.12.3.10 Irreversibility

The mechanism shall be irreversible to the limit load in each operating position.

20.3.2.2.12.3.11 Speed/Rate

A. APDA-6001, Ambient TemPerature No-Load

Function Dual Motor Single Motor
time, s current, A time, s current, A

final to initial 340 1.0 680 0.5

initial to forward 160 1.0 320 I 0.5
forward to final 500 1.0 1000 I 0.5

Operating Temperature, Operating Load

Function Dual Motor Single Motor
time, s current, A time, s current, A

_._ initial to ready to hook 400 3.2 800 1.6
ready to hook to final 85 3.2 170 1.6

B. APDA -7001, Ambient Temperature, No-Load

Function Dual Motor Single Motor
time, s current, A time, s current, A

final to initial 220 1.0 440 0.5
initial to forward 110 1.0 220 0.5
forward to i/f sensor 280 1.0 560 0.5
i/f sensor to final 50 1.0 100 0.5

Operating Temperature, Operating Load

Function Dual Motor Single Motor
time, s current, A time, s current, A

final to initial 220 3.2 440 1.6
- -initial-to-for_ward t4 0 3.2 220-- --1_6

forward to i/f sensor 270 3.2 540 1.6

i/f sensor to final 60 3.2 120 1.6 ,
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:2(3.3.2.2.12.3.12 Operational Cycles

An operational cycle is defined as operating from the final (stowed) 3ositionto the initial
(docking) position, exposure to capture and attenuation loads, to the forward (extended)
position and back to the final (stowed) position according to the requirements of the automatic
sequence under nominal operating loads.

20.3.2.2.12.3.13 Mechanical Stops

The extend/retract mechanism shall include mechanical stops for end of travel limits with both
motors operating, Current of each motor not to exceed 2.5 A.

A. The ball screw mechanical stop shall be capable of resisting 500 kgf limit load applied along
the ball screw longitudinal axis.

B. The shock spring mechanical stop shall be able to react the maximum guide ring actuator
output in retraction through the slip clutch.

C. The hardstops shall be capable of resisting 500 kgf in interface translation.

D. Mechanical stops restraining the ring movement relative to the YT and ZT axes should be
capable of resisting torque loads of 500 kgf-m and about the XT axis, 300 kgf-m maximum.

20.3.2.2.12.3.14 Ring Rotation Moment

20.3.2.2.12.3._1_4__1_Ring-Rotation-Moment about-Yl--and-Z.Taxes-(_600l_nd=700T)_he
moment which occurs at ring rotation about YT & ZT axes withvelocity 0=2_+0=05_/secafter --

engagement of three High Energy Dampers shall be as shown. Current of each High Energy
Damper shall not exceed 3 A at any operating condition.

APDA -6001 APDA -7001

350+80 kgf-m 350_+80kgf-m

20.3.2.2.12.3.14.2 Ring Rotation Moment about XT axis (-6001 only). The moment which
3ccurs at ring rotation about XT axis with velocity TBD°/sec after engagement of the three ring
dampers shall be TBD.

20.3.2.2.12.3.15 Fixers

i-ive fixers shall be capable of stabilizing guide ring movement during extension and retraction.

20.3.2.2.12.3.15.1 . __Withtixe_rson and the_do_ckng dngJnthe initialposition_-deflectienoFthe
guide ring in any lateral direction ( the YT-Z-rplane) shall not be greater than 10 mm with a force
of 150 kgf. At least one misalignment sensor shall activate.

2.0.3.2.2.12.3.15.2 With fixers on and the docking ring in the initial position, rotation of the
guide ring with a moment of 100 kgf-m shall not be greater than 2o40' in the YT and ZT axis and
"°12 about the XT axes. At least one misalignment sensor shall activate.

I
FORM M 131-H-2 REV 9-87 7-17-98



CODE IDENT. NO. 03953

NUMBER PAGE IJSC 26938 166

" 1
20.3.2.2.12.3.15.3 Fixers that resist deflection shall resist up to 500 kgf in any direction
parallel to seat interface

20.3.2.2.!2.3.15.4 Fixers that resist rotation shaii resist up to 350 kgf-m torque in any
direction, about any axis.

20.3.2.2.12.3.15.5 The initiation current of each fixer at 27 +7/-4 V shall be 1,1 A max. for
less than 0.5 seconds and 0.3 A maximum during operation

20.3.2.2.13 Commands

The APDA shall be designed to respond to commands listed in Table 20-B. Any additional
commands required to operate the APDA shall be provided by the Seller.

20.3.2.2.14 Indications

Any additional indications required to operate the APDA shall be provided by the Seller

A. The active APDA shall be designed to provide the position indications listed in Table 20-B.

B. The passive mechanism shall provide capture, undocking complete, hatch closed status,
structural hook gang open and closed indications and individual hook closed position
indications to the Orbiter. Moding switches on the passive mechanism shall provide capture
and undocking indications to the ISS. Four temperature measurements on the passive

.... mechanism shall also be provided to the ISS. Indications are shown in Table 20-B.

Table 20-B. Command and Indication Requirements

COMMAND EVENT APD____AA
-6001 -7001 Rnnl-,,_v v i

Ring Out Extend capture dng to initial position or x x
final position

Ring In Retract capture ring to final position x x
Open Hooks Open structural hooks x x x

(System 1 & 2)
Close Hooks Latch structural hooks x x x

(System 1 & 2)
Open Latches Open capture latches to release x x

position
Close Latches Latch capture latches to ready-to- x x

capture position

- i _EixerOff Unlock fixers_(5ball screws and nut x x
differentials)

Undocking Initiates undocking sequence x x
A A_,;. ,A_L,uw Hooks Fire '-=':..........H,u,_L_=pyiu_ for 12 active hooks x
Passive Hooks Fire Initiates pyros for 12 passive hooks x
Ring InitialPosition Capture ring ready to dock x x
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Table 20-B. (Continued)

INDICATIO.._N _V_N-._, .T APDA
-6001 -7001 -8001

Ring Final Position Capture ring retracted. Final position x x
sensors shall initiate if interface surface
of ring is 4.5 + 3 mm lower than seal
interface of assembly.

Ring Aligned Capture ring centered ( 5 sensors x x
aligned)
An 8 mm deflection or l°18 ' rotation of
the guide ring from the initial position,
fixers off, parallel to the seal interface in
any direction shall actuate one of the
misalignment sensors.-

Ring Forward Position Capture ring extended x x
Hooks 1 Open Structural hooks open x x x

(System 1, 6 hooks)
Hooks 1 Closed Structural hooks closed (System 1, 6 x x x

hooks)

Hooks 2 Open Structural hooks open x x x
(System 2, 6 hooks)

_- Hooks 2 Closed Structural hooks closed (System 2, 6 x x x
hooks)

Hook Closed Position Verifies closure of each active structural x x x
Indicator hook

Latches Closed Capture latches ready to capture (3 x x
latches)

Latches Open Capture latches released x x
(3 latches)

Latches Open Capture latches manually released x x
(Manual)

Fixer Off Fixers (5 ball screws & nut differentials) x x
unlocked

Ready - To - Latch Seal interface within reach of structural x x
hooks

Undocking Complete x x x
Interface Sealed Structural seal compressed x x
Initial Contact Signal from any one of 5 alignment x x

............ sensors........................

Capture Contact sensors on ring actuated x x x
Linear Translation Linear translation of guide ring x x
Hatch.Position Verifies closed position of hatch x
Temperature Sensors Monitor temperature of various x

components
r

i
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' 20.3.2.2.16 Optical Properties

The exposed surfaces of mechanism components shall have solar absorbitivities (c_)and
emissivities (s) within ranges as follows:

Component c_ s
Docking Mechanism Structure 0.25 < cc< 0.45 0.60 < s < 0.85
Guide Ring and Petals 0.25 < (z < 0.45 0.60 < s < 0.85
Capture Latch Mechanism 0.25 < c_< 0.45 0.60 < c < 0.85
(-6001 and-7001 only)

CaptureLatches (-6001and -7001 only) n/a 0.75 < s < 0.90
Ball Screws (-6001and -7001 only) n/a n/a
Fiberglass fabric 0.75 < c_< 0.90 0.80 < s < 0.95
Fluorocarbon and/or Beta Cloth 0.20 < c_< 0.45 0.70 < _ < 0.90
Antifriction surfaces 0.80 < c_< 0.95 0.70 < E< 0.85

20.3.2.2.17 Capture Latch Heaters

For the -7001 and -6001 mechanisms, heater thermostats shall activate and deactivate heaters
at temperatures ranging from 0 °C to 35 °C to maintain the thermal environment specified for
APDAs in 3.2.5. Heater current at 27 +7/-4 V shallbe 0.5 A max.

_- 20.3.2.2.18 Hatch Assembly

The -8001 APDA shall include a hatch assembly capable of holding pressure as defined in
Section 20.3.1.2.5. The hatch shall have mechanical latch mechanism and shall be capable of
being manually closed or opened from each side. The hatch shall be installed such that
pressure from the mounting interface will hold the hatch closed and sealed. The hatch will be
installed so that the hinge is adjacent to petal guide number 3 A contingency pressurization
equalization valve shall be mounted on the hatch. The hatch assembly shall have thermal
insulation covering its exposed external (space-facing) surface.

20.3.2.2.18.1 Docking Target

The -8001 APDA hatch assembly shall include provisions for mounting a buyer supplied
docking target on the external side of the hatch such that the target is in the center of the
mechanism. Mounting interface shall be as shown on Figure 20- D. The Seller shall provide
the target mounting fasteners. The fastener heads shall have a bead blast process performed
Lodull the finish and reduce glare.

---20.G.2_2:lS:2Hatch Cycle Life.............

']-he-8001 APDA hatch assembly shall have an operational life of 107 cycles. A hatch cycle is
defined as one opening and one reclosing and resealing.

;__0.3.2.2.19 Pressure Equalization Valve

"i-he -8001 APDA shall include a pressure equalization valve mounted on the hatch that can be
operatedmanually from the Orbiterside. Thispressureequalizationvalveshall havean effective
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orifice size of 20 mm and shall be capableof holding pressureseal until the second docking mission.

20.3.2.2.20 Laser Reflector

The -8001 APDA shall include provisions for mounting three buyer supplied planar laser
reflectors on the APDA structural flange. The laser reflectors shall be mounted on the APDA so
that the center of the laser reflector is as shown on Figure 20- D.

20.3.2.2.21 Data Bus Transfer Switches

The -8001 APDA shall include provisions for mounting four Buyer-supplied data buss transfer
switches, located per Figure 20-D. Wiring connections shall be per Table 20-K.

20.3.2.3 Reliability

The requirements of Section 3.2.3 of the basic specification apply.

20.3.2.4 Maintainability

The requirements of Section 3.2.4 of the basic specification apply.

20.3.2.5 Environments

..... APDA requirements of Section 3.2.5 of the basic specification apply.

20.3.2.6 Transportability

The requirements of Section 3.2.6 of the basic specification apply.

20.3.3 Design and Construction

The- '- _*_ _ ^^"--,equl,eme,,,o o, S=L.du,_3.3 of the basic specification apply.

20.4 QUALITY ASSURANCE PROVISIONS

20.4.1 General Requirements

The requirementsof Section4.1 of the basicspecificationapply.

20.4.2 Quality Conformance

.... Theq-equirementsof Section 4.2 oft_e b_i_rcspe_ifi-c3ti_offapp]_,.".....

20.4.2.! Development

The requirementsof Section4.2.1 of the basicspecificationapply. Developmenttests shallbe
performedto verify the mechanicalmodificationsmade to the attenuationsystemof APDA -6001.
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' 20.4.2.2 Acceptance

Acceptance tests and inspections shall be performed on all APDAs to be employed in
• .. A {'WA _ _I_I: ....

aual ficat on test programs and on all ,=P,.,_=u_,vured to the Buyer. The seller shall perform
any other tests deemed necessary, subject to approval by the buyer. These acceptance tests
and inspections shall be performed to demonstrate that specified requirements have been met.
Final acceptance tests and inspections shall be performed in a manner and under conditions
which simulate end-use to the highest degree practicable without damage to the APDA. The
degree, duration and number of tests shall be sufficient to verify that the quality required is
present. Prior to delivery and as a condition of acceptance, the seller shall conduct the
acceptance inspections and tests shown in Table 20-C on each APDA.

Table 20-C. Acceptance Requirements

Inspectionand Test Seauence APDA

-6001/-7001 -8001
Examination of Product 20.4.2.2.1 x x
Electrical Circuit Verification Test 20.4.2.2.2 x x
Insulation Electrical Resistance Test 20.4.2.2.3 x x
Dielectric Strength Test 20.4.2.2.4 x x
Functional Performance Tests

-_. Guide Ring Test 20.4.2.2.5.1 x
_' Fixer Test 20.4.2.2.5.2 x

Interface Sensor Test 20.4.2.2.5.3 x x
Structural Hook Test 20.4.2.2.5.4 x, x
Capture Latch Test 20.4.2.2.5.5 x
Heater Test 20.4.2.2.5.6 x X
High Energy Damper Test 20.4.2.2.5.7 x
Instrumentation Calibration Test 20.4.2.2.5.8 x x

Acceptance Vibration Tests 20.4.2.2.6 x x
Loads Tests

Axial Stiffness in initial Position Test 20.4.2.2.7.1 x
Retraction Force Test 20.4.2.2.7.2 x
Restraining Force Test 20.4.2.2.7.3 x
Body Latch Load Test 20.4.2.2.7.4 x
Capture Latch Force Test 20.4.2.2.7.5 x
Capture Latch Unlatch Force Test 20.4.2.2.7.6 x
Translation Capability Test-YT&ZT axes 20.4.2.2.7.7 x
Rotational Capability Test-YT&ZT axes 20.4.2.2.7.8 x

----- R_t_tional C_iS_bility+T_t-XTaxis 20.4.2.2.7.9 x
Acceptance Thermal Vacuum Test 20.4.2.2.8 x x
Hatch Function Test 20.4.2.2.9 x
Hatch and APDA Body Component 20.4.2.2.10 x x
Proof Pressure Test

z Optical Properties Test 20.4.2.2.13 x x
Weight Measurement 20.4.2.2. i4 x x
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20.4.2.2.1 Examination of Product

Each APDA (and each APDA pyrobolt) shall be carefully examined to determine conformanceto the ren r_manfe of this s"^^;_'_-'=--
-1............ _,.t_,=uuf _. Particular attention shall be given to weight,

workmanship, finish, dimensions, construction, cleanliness, identification marking, level and that
certified materials and processes have been used.

20.4.2.2.2 Electrical Circuit Verification Test

Verify that the resistance between contacts of electrical circuits and components is per the
requirements of the electrical schematics.

20.4.2.2.3 Insulation Electrical Resistance Test

Measure insulation resistance to the case or enclosure and between mutually insulated parts
using potential of 100 Vdc. Resistance to be equal to or greater 20 megohms.

20.4.2.2.4 Dielectric Strength Test

Test each electromechanical device at the component level (subassembly level testing is
acceptable) to 200 Vac for 1 second. Verify no arc over or leakage greater than 100
milliamperes.

20.4.2.2.5 Functional Performance Tests

i 20.4.2.2.5.1 Guide Ring Test (APDA-6001 and -7001)

'TheAPDA shall be cycled with both motors, no load, at 23 Vdc and 34 Vdc as follows:

-7001

Extend to Initial position
Actuate High Energy Dampers for 30 seconds
Extend to Forward Position with High Energy Dampers off
Retract to Final Position

-6001
Extend to Initial position
Actuate High Energy Dampers
Extend to Forward Position with High Energy Dampers on
Retract to Final Position with High Energy Dampers off

Time, travel limits, operating currents, command, instrumentation and indication requirements
--shall all be met ......

-_0.4.2.2.5.1.1 No Back Functional

Perform a single motor operations at the actuator subassembly level to verify proper operation.
"[ime, travel limits, operating currents, and indication requirements shall all be met.

I
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20.4.2.2.5.2 Fixer Test (APDA-6001 and -7001)

Measure the current of each of 5 fixers operating individually at 23 Vdc and 34 Vdc. Checkout
simultaneous operation ,_{_, _ _,.... _;,, ,........... o. ,,,,ua,current not to exceed 1.1 A for up to
0.5 sec, operating current not to exceed 0.3 A for each fixer.

20.4.2.2.5.3 Interface Sensor Test

A. APDA-6001 and-7001

Manually depress the Capture Sensors (3) to both the long and short positions. Also,
depress the Ready to Latch Sensors (4), Interface Sealed Sensors (3), and Undocking
Sensors (2). Verify proper operation and correct panel indications

B. APDA-8001

Manually depress the Capture Sensors (3) to both the long and short positions. Also, depress
the Undocking Sensors (2), Hatch Sensors (3), Interface sealed sensors (3), and Data Bus
Transfer Switches (4). Verify p[oper operation and correct panel indications

20.4.2.2.5.4 Structural Hook Test

Cycle both sets of the structural hook mechanism with both motors, no load at 23 V and 34 V to
the open and closed positions. Time, travel limits, operating currents, command,
instrumentation and indication requirements shall all be met. Requirements of paragraphi F. 20.3.2.2.12.2.7 shall be met.

20.4.2.2.5.4.1 No Back Functional

Perform a single motor operation at the actuator subassembly level to verify proper operation.
Time, travel limits, operating currents, and indict_finnrequirements sha_ o" be _ _....... _ ii F..,LII I I leL..

._u.4.2.2.5.5 Capture Latch Test (APDA-6001 and -7001)

Cycle the capture latch mechanism with no load at 23 V and 34 V as follows:

A. Open and close each set of redundant hook

13. Open and close all three sets of latches simultaneously.

"-ime, travel limits, operating currents, command, instrumentation and indication requirements
.,',hallall be met.

__ 20._4_2.2_5.6__HeaterTest ......................

Verify operation of all heaters and thermostat settings at 27 Vdc. Operating currents,
command, instrumentation and indication requirements shall all be met.
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20.4.2.2.5.7 Damper Tests

20.4.2.2.5.7.1 High Energy Damper Test (APDA -6001 and -7001)

Mount the APDA on the static stand with guide ring in the initial position. Rotate about YT and
ZT axes and measure the moment with and without dampers engaged. Verify that ring returns
to the initial position with the dampers off and that the ring does not return tothe initial position
with the dampers on. Requirements of paragraph 20.3.2.2.12.3.14.1 shall be met

20.4.2.2.5.7.2 Ringer Damper Test (-6001 only)

Mount the APDA on the static stand with the guide ring in the initial position. Rotate the ring
about the XT axis and measure the moment with and without the dampers engaged.
Requirements of paragraph 20.3.2.2.12.3.14.2 shall be met.

20.4.2.2.5.8 Instrumentation Calibration Tests

A calibration test shall be performed on all sensors by applying an input stimulus of known
value and representative of the expected operation levels. The output shall be recorded on
data sheets. Measurements shall have a minimum of six steps up from zero to full-scale input,
and five steps down from full-scale to zero input. All calibrations performed on instrumentation
signals shall be documented including those performed by the subcontractor's subtier suppliers,
and submitted to NASA in accordance with Procurement Data Requirements List (PDRL).

:20.4.2.2.6 Acceptance Vibration Tests

.3ubject the APDA to random vibration for a minimum of one minute duration in each of three
orthogonal axes as follows:

20 to 80 Hz Increasing at 3 dB/Octave
80 to 350 Hz Constant at 0.04 g2/Hz
350 to 2000 Hz Decreasing at 3 riB/Octave

Verify no degradation and that the guide ring remains seated. Perform visual inspection,
electrical circuit verification, insulation resistance, and a functional (no load, 27 V) after test.
"-ime, travel limits, operating currents, command and indication requirements shall all be met
before and after test.

,'!0.4.2.2.7 Loads Tests

20.4.2.2.7.1 Axial Stiffness in Initial Position Test (APDA-6001 and -7001)

With the-ringin-the initial-p-osition,fixersOff;_nd (fS_-600-1-Snly)thetowtorque slipclutch engaged,
rnatewith the Docking Simulatorto activateCapture Latchesand apply an incrementalaxial loadto
ceflect the dng. Verify properoperationof actuatorspring and shaft,ca#ridge spdngassemblies.
Vedfy stiffness meets the requirementsas follows:

I

I
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APDA
Deflection -6001 -7001
1 -3 mm 150-250 kgf 150-250 kgf
8 - t0 mm 300+50 kgf 600-800 kgf
14 - 60 mm 300_+50kgf 800-1200 kgf

For -6001 only, verify that slipping of the low torque slip clutch occurs in both the +XT and -XT
directions at 300 _+50 kgf.

20.4.2.2.7.2 Retraction Force Test (APDA-6001 and -7001)

Retract the ring to 20-40 mm from the final position stop. Dock with Docking Simulator until
Capture Latches are engaged. With the fixers on, retract the ring in the direction of the final
position stop. Allow the load limiting clutch to operate for 10 seconds max. Operating current
not to exceed limit. Force developed by the mechanism to be 1900 +300, - 200 kgf. Capture
Latches must remain latched.

20.4.2.2.7.3 Restraining Force Test (APDA-6001 and -7001)

With the capture latches engaged to the Docking Simulator, raise the simulator to apply 1700
+100/-0 kgf in the extend direction. Verify the guide ring does not move. Verify no damage or
degradation to the capture latches or body latches. Verify Capture Latches remain latched.

"--" 20.4.2.2.7.4 Body Latch Load Test (APDA -8001 only)

With the Docking Simulator Capture Latches latched to the APDA Body latches, apply an axial
force of 2100 +100/-0 kgf in the extend direction. Verify the Body Latches maintain Capture
Latch engagement.

2&4.2.2.7.5 Capture Latch Latching Force Test (APDA-6001 and -7001)

With the Capture Latches closed, measure the force required to trip the Capture Latches using
a counterbalanced test ring to simulate docking. The force to trip all three latches and long and
short capture sensors is not to exceed 16 kgf. Capture Latches and Body Latches are to
..=ngagewith 1.4 mm gap minimum between them.

:20.4.2.2.7.6 Capture Latch Unlatching Force Test (APDA-6001 and -7001)

With the CaptureLatchesopen,measurethe force requiredto releasethe CaptureLatchesusinga
counterbalancedtest ring to simulateundocking. Forceto releaseopen latchesnot to exceed 12 kgf.

- -20.4_2.2.7;7--Translation Capability-Test (YT &ZTaxes)-(APDA _6001an-d-7001y ......

Withl.APDAAPDA-6001ininitial position, fixers off,A. Apply a force in direction of +Y'l-axis to activate one misalignment sensor. Measure
displacement and force required. Decrease force and measure displacement and

I force when sensor de-activates.
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B. Dispiace ring to the mechanical stop at 10 mm intervals, measure force and returnforce at each position.

C. Apply 100 to 500 kgf at 100 kgf intervals, measure displacement and return force =t
.,lull and final position.

D. With fixers on, apply 150 kgf in same direction. Measure deflection.
E. Repeat in +ZT, -YT and -ZT directions.

I1• APDA -7001

A. Apply a force in direction of +YT axis activate one misalignment sensor. Measure
displacement and force required. Decrease force and measure displacement and
force when sensor de-activates.

B. Displace ring 100 mm at 10 mm intervals, measure force and return force at eachposition.

C. Apply 100 to 500 kgf at 100 kgf intervals, measure displacement and return force at
initial and final position.

D. With fixers on, apply 150 kgf in same direction. Measure deflection.
E• Repeat in +ZT, -YT and -ZT directions.

Verify misalignment sensors (1,2,3), misalignment potentiometers (1,2,3), ball screw centering
springs and fixers (1,2,3) operate propedy• Verify ring returns to initial position when load
"el,eyed. Verify displacement and forces meet requirements of paragraph 20.3.2.2.12.3.5.

_ __ 20•4.2.2.7.8 Rotational Capability Test (YT & ZT axes) (APDA -6001 and -7001)

With the APDA in the initial position, fixers off.

I• APDA -6001

A. Rotate clockwise about the y-r =,,I_ ,,n,_jone of ,,,=misalignment sensors indicates.
Measure moment and return moment required•

B. Rotate dng from 2° to the mechanical stop at 2° intervals. Measure moment at each
interval. Measure return moment from the mechanical stop•

C• Apply a moment of 50, 100, 200, 300, 400 and 500 kgf-m• Measure angle of
rotation• Remove load and verify ring returns to initial position•

D• With fixers on, apply 100 _+10 kgf-m moment• Measure rotation.

E• Repeat clockwise about the ZT axis, and counterclockwise about Y-I"and ZT axes.

I1. APDA -7001

A. Rotate clockwise about the YT axis until one of the misalignment sensors indicates.
Measure moment and return moment required.

B.- RStat_i_ff0m_to 10° at 2° intervals. Measure moment-ateach-inte-rval•-
Measure return moment at 10°.

C. Annlv Q mnmani" nf _t3 I00, 2_v, '

i ,_0_,,4u0 and 500 Kg_-m•Measure angie of

rotation• Remove load and verify ring returns to initial position•
D. With fixers on, apply 100 + 10 kgf-m moment. Measure rotation.
E. Repeat clockwise about the ZT axis, and counterclockwiseabout YT and ZT axes.

i
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Vefifythi_a]ighfileht sensors (_,,5),misalignment potentiometers (4,5,6) and fixers (4,5) operate
properly. Verify that the ring retums to the initial position when the load is relieved. Vedfy
displacements and moments meet the requirements of paragraph 20.3.2.2.12.3.4.

20.4.2.2.7.9 Rotational Capability Test about XT axis (APDA -6001 and -7001)

With the APDA in the initial position, fixers-off,

I. APDA -6001

A. Rotate clockwise about the X-I-axis until one of the misalignment sensors indicates.
Measure moment and retum moment required.

B. Rotate ring from 2° to the mechanical stop at 2° intervals. Measure moment at each
.interval. Measurereturnmomentfrom the mechanica stop.

C. Apply a momentof 50, 100, 200, 300, 350 kgf m. MeasureangleOf rotation.
Removeloadand verifyring_retumsto initialposition.

D. Withfixers on,apply 100 ± 10 kgf moment. Measurerotation.
E. Repeat counterclockwiseabo_ XT axis::

I1. APDA-7001

A. Rotate clockwise about the XT axis until one of the misaUgnmentsensors indicates.
Measure moment and return moment required.

B. Rotate ring from 2° to 10° at 2° intervals. Measure moment at each interval.
• r-_ Measure return momentat 10°.

C. Apply a momentof 50, 100, 200, 300, 350 kgf-m. Measureangleof rotation.
Remove loadand verifyringreturnsto initialposition.

D. With fixerson,apply 100:1:10kgf moment. Measure rotation.
E. Repeat counterclockwiseaboutXT axis.

Verify misalignmentsensors(1,2,3), misalignmentpotentiometers(1,2,3) and fixers (1,2,3)
operate properly.Verify ringreturns to initialoositionwhenIn_dreP°ved Verify ,4 _, ...... -............ _,,s_,a_= _ t
meetsthe requirementsof 20.3.2.2.12.3.4.

20.4.2.2.8 AcceptanceThermalVacuumTest

Thermallycycleas describedbelowina vacuumat 10-4 to 10-5 Ton'. Dwellat each
temperatureand between operationsat each temperatureshallbe a minimumof 60 minutes
after stabilization.Performfunctionalsat each temperaturedwellas follows:

Simulate4° pitchand 4°:roll. Dockat speedof .15 m/sec. Measurethe settlingforceof the
_ ring. Verifyproper mat_ewl"thrnin_im_umI_oad_and_no_evidence_ofbinding_or_damage.Verify-

correctsensoroperation. Operatehighenergydamperswith30 seconddelay. Extendringto
the forwardposition.Retract ringand closestructuralhooks. Verify the interface seal when
structurallylatched.Test pressureto be 1.23 kg/cm2 for 5 minutesminimum.A leak testshall
beperformedafter the pressuretestwithdeltapressuretestat 1.03+ 0.02 kg/cm2 (14. 7 + 0.3 psi).
Verifyoperatingparametersare met. Leak ratenotto exceed0.045 kg-mass/day(0.1 Ibs/day).

J

i
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-6001, -7001, -8001 +20°C to -50°C to +50°C to +20°C

20.4,2.2.9 I,-,l_fr',h E .... f;r-,. "r'^.,-

A mechanical function test and sensor checkout shall performed on each hatch. Properoperation shall be verified.

20.4.2.Z10 Hatch and APDA Body Component Proof Pressure Test ,

Ultimatepressuretests (to 1.68 kgf/rrr_)shall be performed on docldngmechanism pressurevessel
components(APDA body and hatch) in order to demonstratea factor of safety of at least 1.5.

20.4:2.2.13 Optical Properties Test i
, :- •

Measurements shallbe provided for the components specified in paragraph 20.3.2.2.16.
Required oDtical properties shall be verified.

20.4.2.2.14 Weight Measurement

APDA to be weighed with an accuracy of+ 500 g. The requirements of paragraph 20.3.2.2.2shall be met.

20.4.2.3 Assessment

The requirements of section 4.2.3 of the basic specification apply.

20.4.2.4 Certification

MC621-0087-3001 mechanism qualification t°_, r,=,,,, U�,,,_, ,, ^,.,...,........................... P__,e,,s=u ,,, j=,= _=lJp,cableto cer[ffyby similarity.

20.4.2.4.1 Qualification Tests

Qualification testing performed to satisfy the requirements specified in the performance and
design verification matrix (Table V of the main specification) shall be in conformance with the
requirements of this paragraph. Qualification test specimens shall be subjected to the tests
specified in Table 20-D in the sequence shown. Qualification test hardware shall be of the
same configuration as APDA -6001 and -8001 flight hardware.

Table 20-D. Qualification Requirements

_ InspectionandTest ._e.glLe.B_ ..... APDA......
-6001 -7001 -8001

Acceptance Test 20.4.2.2 x S x
, Examlna.l_.,, ,.,, m....4, ..._,, _,_,,,,-, 20.4.2.4.i.i x S x

Transportation Strength Test 20.4.2.4.1.2 x S x
Qualification Vibration Test 20.4.2.4.1.3 x S x

_ Shock-Basic Design Test 20.4.2.4.1.4 x S x

Acoustic Noise Test 20.4.2.4.1.5 x S x .
Qualification Thermal Vacuum Test 20.4.2.4.1.7 x S x
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Table 20-D (Continued)

-6001 -7001 -8001
SixDegree of FreedomTest 20.4.2.4.1.9 x S
Service LifeTest 20.4.2.4.1.10 x S x
LoadsTests 20.4.2.4.1.11
Extend/RetractMechanismLimitLoad Test 20.4.2.4.1,11.1 x S
Extend/RetractMechanismUltimateLoadTest 20.4.2.4.1.11.2 x S

Captureand BodyLatchUltimateLoadTest _ 20.#,.2.4.1.1!.3 X S ; x
.....Simuitane0us LoadsTest : . 20.4.2.4.1.11.4 x S x
....._StructuralHook:ComponentLoadsTest ,_. ' 20.4.2.4.1.11.5 x _ S x

UltimateTranslationalLoadTest 20.4.2.4.1.11.6 x S
UltimateRotationalLoadTest 20.4.2.4_1:.11.7 x S
Fixer Limit LoadTest _ _ : ; _20_4.2.4.1.11.8 x S
Fixer UltimateLoad Test 20.4.2.4.1.11.9 x S
PYr°technicSh°ck-Test ................. 20:4.2.4.t :12 x
Hatch Test 20.4.2,4.1.13 x
DisassemblyInspection 20.4.2.4.1.14 x S x

Note: S = Requirementapplies,butcertificationwillbe by similaritywiththe -6001.... mechanism.

20.4.2.4.1.1 Examinationof Product

EachAPDA shallbe carefullyexaminedto determineconformanceto therequirementsof this
specification.Particularattentionshallbe givento weight,workmanship,finish,dimensions,
construction,cleanliness,identificaUonmarking,'--.. '- ,_,e, and that certified rnatedaisand processeshave been used.

20.4.2.4.1.2 TransportationStrengthTest

Subjectto spectraldensitiesas follows. After test,performtechnicalinspection,electriccircuit
verification,insulationresistance,operationalcapability(dualat 27 V) and seal integritytest.
Verifyno damageor degradation. Time, travel limits,operatingcurrents,commandand
indicationrequirementsshallall be met.
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....... Vibration_1 T
Vibration Acceler- I Frequency Subrange, Hz | Total Test

Acceler- ation " _ 1 Time
ationDirection _mpii- i 8- 1 7-1 15-I 30-140-I --'--T---

tu_ hou: _Longitudinal - 1.4

(AlongXT axis) _ 1.2 5
__.._Lateral 1.1 _ " i 4

(AlongYT axis) ' 1.0 . _.
_.-Lateral '_ - 1.1

(AlongZT axis) _._. 2 _

20.4.2.4.1.3 Qualification Vibration Test

Subject to random vibration in each of three 0rthogonai axes as follows:

' __0zatJoJ3J=tt_ -6001 -7001/-8001
- Increasing at 3 dB/Octave 20 to 80 Hz 20 to 80 Hz

Constant at0.067 g2/Hz 80 to 350 Hz 80 to 350 Hz
Decreasing at 3 dB/Octave 350 to 2000 Hz 350 to 2000 Hz
Duration,seconds 1020 380

There shallbe no signsof degradation. After test, performtechnicalinspection,electdc circuit
verification,insulationresistance,operationalcapability(dualat 27 V) andseal integritytest.
Time, travel limits,operatingcurrents,commandandindicationrequirementsshallall be met

• aftertest. Verifyguideringremainsseated.These testsmaybe performedat intervalsnotless
than 5 minutes.

20.4.2.4.1.4 Shock-BasicDesignTest

The APDAs shallbe mountedinthe finalpositionto the shockstandtable..Apply 20 g terminal
sawtoothshockpulsesin each axis,three pulsesineach directionfora totalof six pulses/axis.
After completion, performtechnical inspection,insulationresistance,electriccircuit,operational
capability and pressure integrity tests. There shall be no signs of degradation. Time, travel
limits, operating currents, command and indication requirements shall all be met after test.
There shall be no breakdown or loosening of fasteners.
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20.4.2.4.1.5 AcousticNoise Test

Subjectassemblyto spectraldensityas follows. After test,performtechnicalinspection,
electdc circuitverification,insulationresistance,operational capability(dualat 27 V) and seal
integritytest. There shall be no signsof degradation. Time, travel limits,operatingcurrents,
commandand indicationrequirementsshall all be met after test.

Frequency

Subrange, - 63 125 250 500 1000 2000 4000
(Hz) - •
AcousticPressure

SpectralDensity, _132 135 137 13"7 133 126 • "1i9 "
(dB/Hz) -I ....

Total Level: 142 dB

DuraUon of effect: APDA -6001 is 60 sec, APDA -8001 is 60 sec.

20.4.2:4.1.6 Deiet-edl ' " :
= ::: , ..

: = .

20:4:2_4.1_7_Qualification Thermal Vacuum Test - Complete APDA

Thermally cycle as follows at vacuum of 10-4 to 10-5 Torr. Dwell at each temperature and
between operations at each temperature shall be a minimum of 60 minutes after stabilization.
With APDA mounted on a moving dynamic stand, perform functionals and vedfy pressure

._ integrity at each temperature dwellas follows. Dudngthe course of thistest, perform a total of
5 cycles against the guide dng extend and final position mechanical stops for 10 seconds each.
perform 5 cycles against the structural hook forward and back mechanical stops for 10 seconds
each: After test, perform technical inspection, electdc circuit verification, insulation resistance,
operational capability (dual at 27 V). Time, travel limits, operating currents, command and
indication requirements shall all be met. Verify proper mate with minimum load and no
evidence of binding or damage. Verify no degradation at seal interface. Leak rate not to exceed
0.045 kg-mass/day (0.1 Ibs/day). Perform proof test of APDA body and hatch at 1.23 kgf/cm=

(factor of 1.i of MOP). Temperature tolerance for ambient (25°C) shall be + 10°C and for dwell
temperatures + 5°C.
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QUALIFICATION THERMAL-VACUUM TEST

temperature Docking Rate Simulator Voltage Comments
(°C) (rn/sec) RotationAngle (V)

Pitch Roll (deg)
(deg)

1 +25+10 0.10 0 0 23 SH & Capture
2 +85+5 0.10 0 4 34

3 +85+5 0.12 4 4 27
4 +85+5

5 +60±5 0.10 4 0 27 SH & Capture=6 -65+5

7 -50_5 0-10" 4 0 27 SH & Capture

+50±5 0 4 23
1O , -65+5_ --- SH & Capture

11 -50±5 0.10 0 4 23 SH & Capture
12 +85+5
13

+50-Z5 0.12 4 4 34 SH & Capture
14 -65±5

.... 15
-50±5 4 34 SH & Capture

17 +50±5 0.10 4 0 27 SH & Capture
18 -65±5

-50±5 0.10

222_32 +50±5

22 -65±5
-60±5

+25±10 0.12 4 4 23 SH & Capture
Note: PressureIntegrityCheckoutto be performedat steps1, 5, 7, 11, 23, 24.

SH indicatesStructuralHookMechanismCycle
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20.4.2.4.1.8 QualificationThermalTests-CaptureSensor

Withoutbeingactivated,capturesensorqualificationunitsare to be exposedto the temperature
exb'emesof oaragraph3.2.5.P -_pJus = m_(t'tin n_¢ -I-'1 goE L _ o/'_, ..,_.:1--......... u........ , _±,0 ,.,; w,,,,_in avacuum of 10_to i0 -8
Tort. Duringthisexposurethe unitsare alsoto be operatedand conductivitymeasurements
taken at the temperatureextremesof paragraph3.2.5.1.5 plusa marginof _+18°F(±10oc).

20.4.2.4.1.9 Six Degree of FreedomTest

Perform19 dockingcyclesusing simulator3¥571-045 on 6 DOF test standPerdisplacements,
velocities,iSS configurations,and temperaturesas follows. AftertesL performtechnical
inspection,electric circuitverification,insulationresistance,operationalcapability(dualat 27 V).
Time, travel limits,operatingcurrents,commandandindicationrequirementsshallall be met.
Verify properoperation,no damageor degradation.

. : .... : SIX-DEGREE-OF-FREEDOMTEST
APDA -6001 ........... ....

Relative

.... linearmis- Relativeangular Relativelinear Relative Tern Corn- ISS
align- misalignments, velocities, angular pera- ments Con-
ments, degrees mm/sec velocities, ture, figu-

mm deg/sec oC ration

YT I ZT XT YT ZT vx vy vZ cox coy coZ

1 -100 30.5 25±10 PCT1 4A
2 2.0 30.5 25±10 PCT1 4A
3 3.0 30.5 25±10 PCT1 4A

4 4.0 I 30.5 25±10 PCT11 4A
5 I 120 +50 i 19A
6 i-i00 30.5 +50 PCT2 19A
7 4.0 30.5 +50 PCT2 19A
8 2.0 -2.83-2.83 30.5 +50 PCT2 19A
9 -100 4.0 30.5 0.2 +50 PCT2 19A

10 4.0 30.5 +50 PCT2 19A

11 -4.0 30.5 -0.2 +50 *PCT2 19A

12 2.0 30.5 15.0 0.2 +50 *PCT2 19A

13 120 -30 19A
14 -100 30.5 -30 PCT2 19A
15 2.0 30.5 -30 PCT2 19A
16 2.0 -2.83-2.83 30.5 -30 PCT2 19A
17 4.0 30.5 -30 PCT2 19A
18 -4.0 30.5 -0.2 -30 *PCT2 19A

111_91 1 20 !305!150 0.2 -30 ,*PCT2 19A
* Alignment with ring extension to the forwardposition
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Six-Degree-of-Freedom Test
APDA -7001

Relative I _

linear mis- Relativeangular Relativelinear Relativeangular Tern-
alignments, misalignments, velocities,mm/sec velocities,deg/sec ' pera-

mm degrees ture,C

YT JZT XT l YT- ZT nX ny J nZ Wx I Wy wZ

1 I 150. I I 25,10
2 -100 30.5 25+10
3 4.00 30.5 :25+10
4 4.00 -2.83 -2.83 30.5 25+10
5 70 -70 2.00 -2.00 -2.00 30.5 28,0 -28.0 0.15 -0.15 0.15 25±10
6 -100 2.00 ,2.83 _2.83 30.5 15.0 0..20 -0.20 -0.20 25+10
7 1 )0 4.00 30.5 15.0 0.20 2._+10
8 -100 30.5 5O
9 4.00 : 30.5 50

10 4.00 -2.83 -2.83 30.5 50
11 70 -70 2.00 -2.00 -2.00 30,5 28.0 -28.0 0.15 -0.15 -0.15 50
12 -100 2.00 -2.83 -2.83 30.5 15.0 0.20 -0.20 -0.20 50
13 -100 30.5 -30
14 4.00 30.5 -30
15 4.00 -2.83 -2.83 30.5 -30
16 70 -70 2.00 -2.00 -2.00 30.5 28.0 -28.0 0.15 -0.15 -0.15 -30
17 -100 2.00 -2.83 -2.83 30.5 15.0 0.20 -0.20 -0.20 -30

20.4.2.4.1.10 Service Life Test

Cycle the APDA and all subsystems tOsimulate on-orbit docking. The active and passive
APDAs shall be cycled as followsin additionto the cyclesaccumulatedduringacceptance
testing: Reference paragraph3.2.1.1.1.1c for-8001 Class I and Class II definitions.

POST-ATP CYCLES

-6001 -7001 -8001 -8001
ClassI ClassII

Vacuum/Load Cycles 80 4 214 20
Load C_ycles ]4_ 4 4 4
No-Load Cycles 576 18 18 18

One_i.rd_of.cy_es shz!!_ pP..ffo...,m,__at 23 Vd,,,27,Vd...... ,,,_, ,"e.sp_-_v=ly.If a componentfails
during the vacuum cycle testing, the testing shall be stopped, the failed component replaced,
and the remaining vacuum cycles added to the =Load"cycle category. After test, perform
technical inspection,electriccircuit,insulationresistance,and operationalcaj_abilitytests. Time,
travelfimits,operatingcurrents,commandandindicationrequirementsshallallbe met.
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20.4.2.4.1.11 Loads Tests

20.4.2.4.1.11.1 Extend/Retract Mechanism Limit Load Test (APDA -6001 and -7001)

With the mechanism in the initial position and with the capture latches engaged to the Docking
Simulator, raise the simulator to apply 2100 _+100kgf in the extend direction. Vedfy guide ring
does not move, Vedfy no damage or degradation to extend/retract mechanisms. Verify no
damage or degradation to capture latches or body latches. Vedfy Capture Latches remain
latched. After test, perform technical inspection, and operational capability tests. Time, travel

limits, operating currents, command and indication requirements shall allbe met.

20.4.2.4.1.11.2 Extend/Retract Mechanism Ultimate Load Test (APDA -6001 and -7001)

With the mechanism in the initial p(_sitionand with the capture latches engaged to the Docking
Simulator, raise the simulator to apply 3000 +100 kgf in the extend direction. Verify guide dng
does not move. Vedfy no damageor degradationto-extend/retractmechanisms.Vedfy no
damageor degradation to capture latches or body latches. Verify Capture Latches remain
latched. -After test, perf,o,,"mtechnical inspection, and operational capability tests. Time, travel
limits, operating currents, command and indication requirements shall all be met.

20.4.2.4.1.11.3 Capture and Body Latch Load Tests

20.4.2.4.1.11.3.1 Limit and Ultimate Loads Test

_--- With the mechanismin the initialpositionand with the capture latcheslatchedto the body
latchesof the passivesystem,applya bendingmomentof 500 kgf-mto the APDA. Remove
moment. Repeatwith700 kgf-m moment. Verifyno damageor degradationto capture latches
or bodylatches. Verify CaptureLatchesremainlatched. After test, performtechnical
inspection, andoperationalcapabilitytests. Time, travel limits,operatingcurrents,command
and indicationrequirementsshall a!!be met.

20.4.2.4.1.11.3.2 CaptureLatchSimultaneousLoadsTest

With the mechanismin the initialpositionand withthe capturelatcheslatchedto thebody
latchesof the passivesystem,apply a lateralof 500 kgfanda bendingmomentof 500 kgf-m to
the APDA. Verifyno damageor degradationto capturelatchesor bodylatches. Verify Capture
Latchesremainlatched.

20.4.2.4.1.11.4 StructuralHookSimultaneousFatigueand UltimateLoadsTests.

I
I

r
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20.4.2.4.1. tl.4.1 Limit Loading.

With the APDA mated and structural hooks latched as follows, perform pressure integdty
checkout. Apply the following limit loads simultaneously:

APDS -6001, -6001 APDS -7001
(12 Hooks) (24 Hooks)

Case la -- Case lb Max.Bending Max.Torsion
Bending (1) 4000 kgf-m 6650 kgf-m 7930 kgf-m 5090 kgf-m
Torsion 6650 kgf-m 4000 kgf-m !4330kgf-m r7630kgf-m
Axial 500 kgf. 500 kg 590-kgf 590 kgf
Shear (1) 1500kgf 500 k9 600 kgf 600 kgf
Delta Pressure 1.12 kg/cm2 1.12 kg/cm2 1.12 kg/cm2 1.12 kg/cm2

Relievethe load. Verify hooksremain latched.-Vetify seal integrity. Verifyno damageor
degradation. After test. performtechnical_inspectionandoperational capability,tests. Time,
travel limits,operatingcurrents;commandand indicationrequirementsshallall be met.

20.4.2.4.1.11.4.2 FatigueLoading.

Applythe limitloadsof each case of 20.4.2A.1.11.4.1 simultaneouslyto the corresponding
cyclespectrumspecifiedinTable 20-H-1. Pressuremayremainconstantdudngloadcycles.f

i Relievethe load. Verify hooks remain latched. Verify seal integrity. Verify no damage or
degradation. After test, perform technical inspection and operational capability tests. Time;
travel limits, operating currents, command and indication requirements shall all be met.

20.4.2.4.1.11.4.3 UltimateLoading.

With¢_fnIf"fl Ir=l hJ'_="_/._'eI (',_k ,4 t-- I.....
................. a,_,,,eu as ,uhuw_,apply the foiiowinguitimateloadssimultaneously:

APDS -8001, -8001 APDS -7001
(12 Hooks) (24 Hooks)

Case la Case lb Max.Bending!Max.Torsion
Bending (1) 6000 kgf-m 9975 kgf-m 11900 kgf-m 7635 kgf-m
Torsion 9975 kgf-m 6000 kgf-m 6500 kgf-m 11450 kgf-m
Axial 750 kgf 750 kgf 890 kgf 890 kgf
Shear (1) 750 kgf 750 kgf 900 kgf 900 kgf

..... Delta Pressure 1.23 kg/cm= 1.23 kg/cm2 1.23 kg/cm2 1.23 kg/cLrr_...............
Notes: (1) Indicates vector sum

(2) CasesaredefinedinTable20-A-2
(3) AJItestingof20.4.2.4.1.11.4maybe ._ntoLheacceptabletestplan ,, ,._, ,4•.... ass.e_,,,euin

Table20-H-2. AnychangetoTable20-H-2mustmeettherequirementsof20.4.2.4.1.11.4.

Relieve the load. Verify hooksremain latched. Vedfy seal integrity. Verifyno damageor
i degradation. After test, perform technical inspectionand operationalcapabilitytests. Time,

• travel limits,ooeratinacurrents,command and ;"'_;" *"^_. . _ ,=,_,,ca,,_,,,requirementsshall all be met.
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20_.2.4.1.1-1.5 St-fucturalHook ComponentLoads Test

Load an active and passive hook pair to 5000 kgf in increments of 1000 kgf. Relieve load.
Load to 7500 kgf in increments of 1000 kgf. Vedfy no ,_=mo,,o,,, ,4.... ._.,;^_

20.4.2.4.1.11.6 Extend/Retract Mechanism Ultimate Translational Load Test (APDA -6001 and-7001)

With the guide ring in the initial position, fixers off,apply a load parallel to the seal interface of
700 kgf. Verify no damage-or degradation. After test, perform technical inspection, and
operationalcapability tests. Time, travel limits,operating currents, command and indicationrequirements shall all be met.

20.4.2.4.1.11.7 Extend/Retract Mechanism Ultimate Rotational Load Test (APDA -6001and -7001 )

With the guide dng in the initial positioh_fixers off,apply a moment about the YT axis of 700
kgf-m. Repeat about the ZT axis. Apply a moment about the XT axis of 420 kgf-m. Verify no
damage or degradation. After test, performtechnicalinspec_on,and operationalcapabilitytests.
Time, travel limits,operating currents,commandand indication requirementsshallall be met.

20.4.2.4.1.11.8 Extend/Retract Mechanism Fixer Limit Load Test (APDA -6001 and -
7001)

_-- Withthe fixers engaged, apply a load parallel to theseal interfaceof 500 kgf. Relieve the load
andthen applya momentabout theXT axis of 350 kgf-m. Relievethe XT momentand repeat
momentapplicationaboutthe YT andZT axes independently.Verify no damageor
degradation. After test, performtechnicalinspectionand operationalcapabilitytests. Time,
travel limits,operatingcurrents,commandandindicationrequirementsshall allbe met.

20.4.2.4.1.11.9Extend/RetractMechanismF_er U_rnateLoad Test (APDA-6001and -700!)

With the fixers engaged, apply a load parallel to the seal interface of 700 kgf. Relieve the load
and then apply a momentaboutthe XT axisof 500 kgf-m. Relieve the XT moment and repeat
moment application abouttheYT and ZT axes independently. Verifyno damageor degradation.
After test, perform technical inspection, and operational capability tests. Time, travel limits,
operating currents, command and indication requirements shall all be met.

20.4.2.4.1.12 Pyrotechnic Shock Test (APDA -6001 only)

With assembly mounted on the moveable docking stand, dock _ simulator3Y571-0450270_--0....
with -6001_1_. -Fi_-12 acti_,e-_d-_-_-_si_o_.s to simulateemergencyseparation.
Vedfy successfulseparation. Performtechnicalinspectionto verify no structuraldegradationat
the APD/V base assemblyinterface. After test," _ _ ,^^'--: , ....._,e,,o,,,°_. ,ca,n_pecton,andoperauonal
capabilitytests.Time,travellimits,operatingcurrents,command and indicationrequirements
shallallbemet.
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20.zL2.4.1.13 H_tch Function Test. (APDA -8001 only)

A mechanical function test and sensor checkout shall be performed on each hatch.. Properoperation shall be verified.

20.4.2.4.1.14 Disassembly Inspection

Performtechnical inspection. Disassembleand check componentlevelcharacteristics. Recordandsubmitall results.

20.4.2.4.2 CertificationbyAnalysis

The requirementsof section4.2.4.2 of the basicspecificationapply:exceptas stated below.

20.4.2.4.2.1 Thermal CertificationforSpecificAPDA Components

APDA •guideringsand petals,protectiveshrouds,and capturelatchesshall be certifiedfor the
operationaland non-operationaltemperaturelimitsof sections3.2.5_1.5and3.2.5.2.5, plusa
marginof±18°F (+10°C). Thiscertificationmust beaccomplishedfor all APDA units.

20.5 PREPARATION FOR DELIVERY

The requirementsof Section5 of the basicSpecificationapply.

20.6 NOTES

The requirementsof Section6 of thebasicspecificationapply.

r_
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XXX ARE IN US STANDARD (INCHES)

_) H 1. 0rMENSIORSSHORNlxxX) ARE IN METRIC(W) H
_'_ 2, U.S,A, SHALL PROVIDE 2

MECHANISM AND SASE ANOS ATTACH LOCATIONS AS SHOWN ON SHEET 4.
RSC-[ SHALL PROVIDE 2 GBOUN01NG LOCATIONS AS SHOWN ON SHEET 4
AND 2 DOLTS.

3>
3. FOR AP0A INTSRCONNECTING ELECTRICAL GABLES SEE APPEHOIX

.._ _ 4, LOCKING INS(BY: KNMLIOXI.S SP (TRICAIN |NOUSTNt[S)

.--b MATERIAL: S0S ORES
fINISH: SILVER PLATE

O
S, SEAL : MATERIAL S1-1567

TYSS-4OSgS-T2
_l SHORE HARDNESS S0-SS
*' COMPRESS LOAD 28.$4 - 3S.SS LS/INCH (S-7 N/m)

,_ _ S. BOLT: MIO-Ss: MATERIAL: STAIHLESS 0TChISNS-* FINISH: PASSIVATE
(_ MECHANICAL PROPERTIES: Flu KSI(N/mm2) Fit KSl(H/mm2) EL(S)

,r_ TANGENTIAL IlS.S_llS0_ 13T.g(S_0) SAXIAL 1T4.2 1200 I4S.I_I0O0) 12
"_ RAO|AL IS2.4 _S0SO ISO.S(S0C) S
O

T. NASA/RI BASE MATERIAL:
AL ALLOY S21U-TUS2

"_ FINISH: ANOO|ZE

TANGEMTaAL S0.0 413.4 48.0 _30.7
AXIAL $6.0385,8 44.0303.1

(,_ RA01AL DE.03SS.S 44.0303.1 3

C0 (_ 8. NSC-[ BASE MATERIAL: AL ALLOY AMrS.U
F FINISH: 0HEM FILM ANOCIZE

MECHANICAL PROPERTIES: Flu KSl(N/mm_) Fty RSi{N/mmS) EL(S)

II 'TiI"°l42.1 290 I1TANOENTIAL
42,1 2iO IT.4 120 ItAXIAL

RA01AL 42.1 290 17.4 120 II

g. ALIONM[NT PiN MATERIAL: TITANIUM BT-14
FINISH: NONE

MECHANICAL PROPERTIES: Ftu KSl(N/mmS) Fry KSl(N/mmS) EL(S)
TANGENTIAL 137.8 gSO 123.4 SS0 10.OAL 1STJISSO,, iISSDIIron/AXIAL 1ST.S SO0 123.48DO 1010

,o LEA*ADEOFSSALSAOROSSEACH,NT.*A:'COOEOSHALL.OTEXCEED"_ ' 0.0'L,S,OAT(°.OA*)'_ENINT.,ORISPRESS°_0TO,,.,.D., _
PSI(TO0 _10 ._w0) IN THE OOCKED OR k_T[0 MODE

El_ _'_ll. TNES( BOLTS TO 8[ TOROU(0 TO 364.O_D.0 I_-LBS (4.O*O.1KOF M)
-- AFTER APPLICATION OF LUSNICANT 0_ THE THREADS or THE BOLTS. /_.... /

LOCKWIR[ BOLTS IN PAIRS USING .020 OlA LOCKWlRE,

_1_. FACILITY GBOUN0 STU0: FACILITY GBOUN01N0 CABLE MUST BE
ATTACHEO AT THIS LOCATION AT ALL _IMES UNTIL TH[ DOCKING
MECHANISM AND ITS SUPPORIINC BASE ARE FIRMLY SECURE0 _0 .'__'u
TH( AIRLOCK

e 13. PBO¥i0[O SY RSC-E I I.

--_14. THESECONNECTORSWILL O[ FDBNISRSOWITHSHORTINGPLUGS 1 , I
l l

o,s CORN.TONKE--A*SASSHOWN 'l _ODE' '1
16. XI, Yt, El D(NOT£ MECHANISM TEST AXIS I

i

IT. RSC-E SNALL OELIVEP THE EXTERNAL THERMAL BLANRETS AS LOOSE I I
EOUIPMENT AND RSO E SNALL 0[Sl0N THE EXTERNAL THERMAL BLANKETS , • _
TO O( REMOVABLE AN0 RE-_NSTALLADL[ mTHOUT DAMAGE. TNE
xt THRU X_ CONNECTORS AHO THE EXTERNAL METAL COVERS SHALL BE
INSTALL(O ON THE M[CHANISM WITHOUT LOCKING ADNESIV( ON

FASTEHERS. 21_'E}
-- 10. LEAKAGE OF S[ALS ACROSS EACH INTERFACE COOED SHALL NOT (XCEEOe 0o.L.,OAY,.R,DA*,-,,N,.TEN,ORISPRESs,.D,o,,.,.o., z_----3 A A

Ps.(,.o.,o-_o)IN,.E.OCKSOON"=,EO.OOE "_J//J_ 't_--t:::=_3:3_
OII. U.S*A WILL PROVIDE AND INSTALL BUSHINGS INT0 THE MECHANISM _ _'_ 1 _ I mE I _t

STRUCTURE PRIOR TO ITS MOUNTING ONTO THE AIRLOCK eASE / I / _ @ .]ij_\ @ |_
| t.'_,,. ALL,NVELOFEOIMEMS,OHS.,,"EREA.L,CA.LE.00MOT,.OLUOV"I I J Vt.\,r:=f1_/\ v,-. A

C -- THERMAL BLANKST THICKNESS. THICKNESS OF OLANKET IS: _ | _ _ _ _'_'| :.1S-.4O(D-IO MR)- ON the GBOONO / I I I \ _'_;"
78(20 ilia) MAX UNRESTR CFED- ON ORB T / I I I

• {I I : .O.l-O.T-.O,

_
Xo 731.60

B

FL I GHT 2A CONFIGURATION
SCALE: NONE MC621-0087-3002 COIIF IGURAT ION

- (33Y. 6201 .008-{)5-005)
MAKE FROM MC621-C, 387-3001

---- :._1.... I"
----, _ _ = SP[C ,'ONTROLDRklIING-

A :1_1,, --" I$'_1, DOCKINGII[CttAIIISll
IN|[_XC[ REO_IREMENT$
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SEE $[C -

t20.O* 3 PL /

OOCK t_

"_"..,o.6, so.z- _'"= (_ MC62_I-0087-3002
VIEW X - X r__ CONFIIGURAT I ON

SECT ION S--S 13,sl_,=l==cl,,¢l SC,_LE: 1/2 SECT ION T-Tr_-_
SCALE: 1/I ALIGNMENT TOOL INTERFACE SCALE: 1/1 FIG 20-A
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z,,**x,+D,Nc,,6Doc,, o,5 , 2ii,,
NOTES: |"'_[)lm'vimI,=/o._+-_'_ JR._Jm,.

,. O,.ENs,oNsS.o,,.xxxAHEAD.N'NGDTticTA.?MDA.(,MONES> D" ..<,A
_ = USA SHALL PROVIDE = STRAPS BETWEEN

MECHANISM AN BASE AND ATTACH LOCATIONS AS SHOWN ON SHE T
c Rsc-( SHALL_N0V,0(= GIOUND,.CLOCAT,O.SASS.O'_ ONSHE|T

AND 2 BOLTS.

: ==--'°*-°*°+*-°*° °°*° 4U kA k_ ,. SEAL: .*TER,AL S+-iSDTTY_S-.OSSS-7= rce-,_"_.r,--_
SHORE HARDNESS 50-sS

oo+ +*++...........++*+++.... !
S+ BOLT: Mi0-SD: MATERIAL: TAINLE 07ChlJNJFm.S.: PASS,VAT( .ooE , u.s. LAO

MECHANICAL PROPERTIES: Fly KSl(Nlmm2) Fly KSl(N/m2) EL_)

(_ TANGENTIAL 1" '/''5OI 137 .J,Sb_AXIAL 17&.2 1200 14S.I IO0 ) 11i_ NAOIAE IS2.4 1050 130 O GOD

S. RSC-E BASE MATERIAL: AL AL OY AldrD+MFINISH: GM_N r|LN ANOOIEE

(*_ MECHANICAL PROPERTIES: Flu KSI(N/mm3) Fty K$1(N/mm2) (_Z)

,.,z,o {1 PMA_
I_I TANGENTIAL =1{+90 ) it.4 |+0AEIAL it..O ,, .+., 0.+OO0,

U .DIAL ...D, ,Y. ,+0 . +,_----_ _ __)_

_ t ALIGNMENT PIN MATERIAL: TIIANIUN St-|4TINt H: N DE

-_ "EC"AWiCALPROPERT'(|: _l. =S'(N/..._) El. XS,CN/-.-=) t_S)

II '"1"°1

_j_ TANGENTIAL IST.D ESO
137.B RED 123.4 850 10AXIAL

RADIAL 137.D RSO 123.4 DSO I0
MC621-OOOT-DOOI

L(AKAG[ OF S ALE ACROSS [ken INTERFACE COOED SHALL
_ i. 0.0= LBS/DAY?:_/0AY) WHEN INTERIOR IS PRESSUN_ED TO NOTI4.TID+2EXCEED

PSI(TOO tlO m W_G) IN THE OOCmEO OR MATED MODE

TH lO TS T S( T ROUEO TO 64.0 D.O IN-LOS 4, 20.1 K F N)@ ' AFI|l..K,cJ,o. o_LUSR,.._on_.E'.READS_' _"E.OLin
LOCKWIR[ BOLTS IN PAIRS USING .D20 DIA LOCKWlRE.

_10. FACILITY GROUN0 STUD: FACILITY GROUNDING CASLE MUST S(
ATTACHE AT tHI LOCATION AT AL TiM S UNTIL THE DOCKING
NECHANI_N AND I_S SUPP0RT,N0 BA_[ AR_ FIRNLY SECURED TO
THE AINLOCK

_11. PROVIDCO iv RSG-[

_12. THESE CONNECTORS WILE BE FURNISHED WITH SHORTING PLUGS 649.00
XO

_tS. CONNECTOR NEYWAY$ AS SHOWN

,4, XtoYI,,tDENGTEMEDHANISNTESTAXIS FLIGHT 54 CONFIGURATION REF
IS RSC- SHALL DE IGN TN INT RNAL AND EXTERNAL THERMAL SLANKETS

TOS| REMOVADL|ANOR|-iNSIALLARLEWITHOUTDANAGE.RSC-ESHALL SCALE: NONE
DELIVER THE EXT(RNAL THERRAL BLANKET AS LOOSE [QUIPNENT. THE
X! THOU x4 CONNECTORS AND THE EXTERNAL METAL COVERS SHALL BE
TEMPORARILY INSTALLED ON THE MECHANISM WITHOUT LOCKWIRE OR
TOROUINC OF rAST(NERS. ONLY HAND TIGHT.

IS. COMPONENTS THAT ARE DETERMINED TO DE PERIODICALLY
MAINTAINAO AND NE G TO DE REMOVED AND OR REP AC O SHALL HAVE
rASTENlNG _OVISION_ WHICH CONTAIN LOCK'NG 'NS_RTf WITHOUT
THE N[ED OF LOCKWINE OR ADHESIVE. EGG

(AKAG( F S ALE ACR SS EACH iNTERF,C( COOED&SHALL N0T[XCEEO(s _ _

@" LosLDS_DAYI".¢OA'?WHEN'"'E'O"S''ESS EO'0 " '*0'
PIlE?SO lid n_MDG) IN THE DOCKED OR MATED NODE

_18. U*S+A IlL PROVID AND iNSTAL ".PRIOR TO _TS UOUN_;NG Omt0 TH_ SUSHINDE INTO THE MECHANISM STRUCTUREAIRLOCK BASE RODE I

_lS. ALL [NV(LOPE DIMENSION WHERE APPLICASL[. DO NOT INCLUDE THERMAL OLAIKET
THICKNESS. THICKNESS Qr BLANKET IS:
.19-.40 S-1O tIM)- ON THE GROUND
,IS(20 MM) MAX, UNRESTRICTED- ON ORBIT

I

A rr_ xo.,.oo
FLIGHT 4A CONFIGURATION REF

SCALE: NONE



U,$. LAB I" "

: I iD NODE2

- '" _-_L___ )
Xo 649.00 Xo 649,00

B

FLIGHT 6A CONF IGURAT ION REF FL lGHT F INAL CONF IGURAT ION R_F
SCALE: NONE SCALE: NONE
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H XXX ARE IN US STANDARD (INCHES)
SHOWNIxxx) ABE IN METRIC (eU)

@ 2. U.S.A. SHALL PROVIDE 2 GROUNDING STRAPS BETWEEN DOCKINGNEGNANISN AND RHA.
RSC-E SHALL PROVIDE 2 CROUNDiNG LOCATIONS AS SHOW_ ON SHEET 4
AND 2 BOLTS.

LC)

XlV or THIS SPECIFICATION.

_.) _ 4. SEAL : MATERIAL Sl-ISS? TYSS-40SRS-?2SNORE HARDNESS SO-DR

COMPRESS LOAO 2B,$4 - 39.95 LD/IHCH (S-T N/_rn)

_ _ S. BOLT: MtO-SR: MATERIAL: STAINLESS 0?CNIBH6
"" FINISH ; PASSIVATE

TANGENTIAL 186.8 |tSO 14S.I1100 )1AXIAL 174.2 1200
"_ RADIAL 152,4 10SO 130.B{ROO) E

O
E, RSC-E BASE MATERIAL: AL ALLOY AMrS.N

---i -- _INISN : CHEM FILM ANODIZE
MECHANICAL PROPERTIES: Ftu KSl(N/mm2) Fry KSI(N/m_) EL(E)

TAHOEN*IAL.'l.O/ "112011,AXIAL 42,1 290 17.4 120 11
(.O RADIAL 42.1 2R0 17.4 120 11

CO
T. ALIGHNERT PiN NATERIAL: TITANIL_ BT-14FINISH: NONE

MECHANICAL PROPERTIES: Flu KSl(H[mm2) FtF KSl(N/mm2) ELLS)

F TAHGENT,AL ,3T.,IDSO / ,2S.AIBSOItOS
AXIAL 137.9 gs0 123.4 8SO 10S
RADIAL 137.9 gSO 123.4 8S0 lOS

8. THESE DOLTS TO BE TOROUED T0 3B4,0tD.O IN-LBS (4.010.1KOF M)
AFT[R APPLICATION OF LUBRICANT ON THE THREADS OF THE BOLTS.
LOCKWIRE BOLTS IN PAIRS USING .O20 0iA LOCKWIRE.

R. FACILITY GROUND STUD FACILITY GROUNDING CABLE MUST BE
ATTACHEO AT THIS LOCATION AT ALL TiME

10, PROVIDED BY RSC-(

_) ,i. CONNECTOR_E_.,,sAsSNOW. S'I_ C 6 2 1 - 0 0 8 7 -- 7 0 0 1E _ 12. Xt. Yt, Zt DENOTE MECHANISM TEST AXIS

FINISH: CHEM FILM PER MIL-C-SSAI. CLASS 3
.,¢

@ IS. THESE CONNECTORS ARE CAPPED

SUPPORT AN ELECTRICAL BOND WITH THE "FGB"16.
PASSIVE APDA or RESISTANCE NO MORE THAN IOOmQ AT 1NHZ

LEAKAGE OF SEALS ACROSS EACH INTERFACE CODED_SHALL NOT EXCEED
0.02 LOS/DAY(DR/DAY) WHEN INTERIOR IS PRESSU 0 TO 14.?*0.2

IT.

IS. PSi(TED RiO ffmHG) IN THE DOCKED OR MATED MODE NODE I '

THE iNTERNAL AND EXTERNAL THERMAL BLANKETS
TO BE REMOVABLE AND RE-INSTALLABL( WITHOUT DAMAGE. RSC-E SHALL i
DELIVER THE EXTERNAL THERMAL BLANKET AS LOOSE EOUIPMENT. THE
Xt THRU X4 CONNECTORS AND THE EXTERNAL METAL COVERS SHALL BE
TEMPORARILY INSTALLED ON THE MECHANISM WITHOUT LOCKWlRE OR
TOROUING OF FASTENERS. ONLY HANO TIGHT.

11. LEAKAGE OF SEALS ACROSS EACH INTERFACE CODED _.._SHALL H0T EXCEED

m

0.08 LDS/DAY(SSB_OAY) WHE_ INTERIOR IS PRESSURIZED TO 14.710.2
PSI(EBB tlO mmHO) IN THE DOCKED OR MATED MODE " "

ANO INSTALL BUSHINGS INTO THE NECNANISM STRUCTURE1T. USA WILL PROVIDE
PRIOR TO ITS MOUNTING ONTO THE PNA.

IE. ALL ENVELOP( DIMENSIONS. WHERE APPLICABLE. O0 NOT INCLUDE THERMAL

{) .IR-.,O(O-1O U,)- ON THE GROUND --
C BLANKET THICKNESS. THICKNESS or BLANKET IS: Y, I

.,o.o..)..x.U.ESTR.CTE0-ORO',,, __ I

B I
Xo 731.60
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US STAHOAR
1. OIU[NSIONS SH_N XXX ARE IN (i _ (INCHES)(xxx) ARE IN

_ 2 USA PROVIDES 2 GROUNDING STRAPS BETWEEN DOCKING MECHANISM AND THE PM*RSC-E PROVIDES 2 GROUNDING LOCATIONS AS SHOWN _ SHEET • AN0 2 BOLTS
O

3 FOR APDA INTERCONNECTING ELECTRICAL CABLES SEE APPENDIX XIIIOF THIS $PECIFICATI_.

C_PRESS LO_ 2B $4 - S9.SS LB/INCN (S-T R/m) f FOB

.NISH,PASS'"T I1]__11_lI
MECHANICAL PROPERTIES: Ttu XSI.N/emlt2) Pry E_(S) O.S, LAB MODI

{I "Bl"% 1,TANOSNTIAL IRB.g tI00

AXIAL 174.2 1200 145.1 tOORADIAL 152.4 lOS0 130 B(gO0) S
.°

_) S. RSC-E BASE NATENIAL: AL ALLOY AMrB.MFINISH : CHEN rlLN ANODIZE
MECHANICAL PROPERTIES: Flu KSllN]_) Ftv KSl(NJnTn2) ELlS )

TANGSNTIAL 42.1 290AXIAL 42 I 2g0 IT.4 120 I1
RADIAL 4_1 290 17.4 120 11 p

_) 7. ALIGNMENT PIN MATERIAL; TITANI_ BT-14

FINISH; NONEMECHANICAL PROPERTIES: Ftl KSIIN/_m_) Fly KSt(N/mm_) ELl S)

/ } 123.4{850} fOX

TANGENTIAL 197.9 OSO
AXIAL 137.9 SSO 123.4 BSO IOZ

NADIAL 137.0 BS0 129.4 BSO lOS
_ 8. THESE BOLTS TO BE TOROUEC TO 364.0_S.0 IN-LOS (4 020.1KOF M) AFTERAPPLICATION OF LUBRICANT OR THE THREADS OF THE BOLTS, LOC_IRE BOLTS

IN PAIRS USING ,020 DIA LOCKWlRE.

S. PROVIDED BY BSC-E

10. OONNEOT_ KE_AYS AS SHOWN I
It. Xt, Yr, Zl DENOTE MSCHANISM TEST AXIS

12. BTSI, 8TS2, 0TS_ & DTS4 ARE DATA BUS SNITCHES

I_, INTERNAL THERMAL BLANKETS SHALL BE CAPAUL( OF BEING REMOV[O
IN FLIGHT.

Xo 649.00
14. PMA:

MATERIAL: ALUMINUM ALLOY 2219-18Sl
FINISH: CNEM FILM PER NIL-C-S541, CLASS 3

_IS. ORILL PLATE PROVIDED OY RSC-E,B.TN,SM,CHAN,SM,NTERFAC.W,TNMOR_'-D"T-BOO'MSOHAH'SNONTHE FLIGHT 5A CONFIGURATION REF
ORBITER

_|T, THESE BOLT HEADS MUST NAVE NON-CLARE SURFACES. TORQUE THESEBOLTS TO 12SIS IN/LBS(I,431.OS KOF-M)

_le. THESE CONNECTORS ARE CAPPED

_1S. HATCH MAY BE OPENEC WITH OR WITHOUT THE TARGET
LEAKAGE OF S ALS ACROSS EACH INTERFACE CODED SHALL NOT EXCEED

_Z6" Q.02ARELBS/DAT_S,/DAY) WHEN ,NT£BIOR iS PRESSUR_ED TO 14.7,0.2 r"'--"____ L_ HODE 1

(TB0_10mmHq) IN THE DOCKED OR MATED MODE _/ FOB

21, A: DUReNG THE DOCKING OF MECHANISM WHEN CONTACTS I-IS 2-16,
_/ 11-26 12-27 ARE CLOSED AND CONTACTS 1-5, 2-6. 11-1_. 12-19 .r %

OPEN WiTH THE GAP C BEING EQUAL TO 2.SJO,I_ \roD/

B: CURING THE UNOOCRING OF MECHANISM _EN CONTACTS I-5. 2-B
II-IB. 12-19 ARE CLOSED AND CONTACTS I-IS. 2-lB. 11-26. 1_-27
ARE OPEN WITH THE GAP C BEING EQUAL TO 3.Ot0.t_

22, RSC-E SHALL DESIGN THE EXTERNAL THERMAL BLANKET TO BE REMOVABLE
• AND RE-INSTALLABLE WITHOUT DAMAGE,

- RSC-E SHALL OELIVER THE EXTERNAL THERMAL BLANKET AS LOOSE IPMA3//
'EQUIPMENT. THE Xl THRU X4 CONNECTORS AND THE EXTERNAL METAL

COVERS SHALL OE TEMPORARILY INSTALLED ON THE MECHANISM WITHOUT

LOCKWIRINO(?so,tOmmHB)OR TOROUEING OF FASTENERS. ONLY HAND TIGHT. --_ MCS21-OOB?-6001 __ __)

RSC-[ SHALL PROVIDE WITH EACH MECHANISM A HATCH PSE HANOLE. ,__ , MCS21-OOBT-BO01 "

23. LEAKAGE OF S AL$ ACR SS EACH INTERFACE CODED SHALL NOT EXCEEDD.OBLBS,DAY ,SS,DAY WHEN,NT,'OR'S'BESSU ''"*O''.''O.'l-- I
IN THE COCKED OR MATED MODE c_::_

24. T0LIFT_FF.RESOURCETRANSFER BUMBLE SUPPORT BRACKET TO BE INSTALLED PRIOR / i_

_25. U,S.A TO PROVIDE AND INSTALL BUSHINGS INT0 THE MECHANISM STRUCTURE | MOB( ! I ._.._1
PRIOR TO ITS MOUNTING ONTO THE PMA2 AND PMAS

o.. AL,SRYELOP,O,.*.S,ON,,..*.*APPL,OAOLE.BONOT'NCLUO**MEB'AL/ F''°II
OLANKET THICKNESS. THICKNESS OF BLANKET IS: _ _ _"_J
.1_--.40 S--tO MM -- ON THE OROUNB

.78120 _)MAK. _NRESTRICTED- ON _eiT

f; ,o0
..,1_00,,-o001 FLIGHT 4A CONFIGURATION REF

J 153Y.620 .008-08)
,,_.:r-_:_l ._

1o B4I.OO IS_, DOOCING_CHANI_
INT_IFA_R[_IR_[N?$

FLIGHT 5,_ CONFIGURATION . =

st,, ,.,,, e I ? I e I s _ ' I s 2 c,o/c,.



FLIGHT FINAL CONFIGURATION REF FLIGHT 6A CONFIGURATION REF
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CODE IDENT.NO. 03.q5_

NUMBER REVISION LETTER PAGE

POWER TRANSFER CABLE DEFINITION

POWER HIGHS (+) POWER LOWS (-) FAULT BOND

Xl

Allwireslhru
lineice.35mm2

Special

with *ddidonal Each20 pin
insulation group(3 Groups
thickness, total)shall
P-,SC-EPart# receive double
MK27-1I-O8-0.35 thickness

overwrap
using thetape
listedbelow

*X88

', 4 7 5 7 I 3
, single 8 AWG.

AmericanWire

*note: 7 Pin connector same as utilized

for 5TS74 Power Feed to Docking
Module * Orbiter side illustrated.

PMA 2/3 identical.

* Wrap harnesses using fluomplast tape, RSC-E Part # F.-4EOL-AI

Figure 20-E. Power transfer cable definition

FORM M 131-H-2REV 9-81 7-17-98
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I

FGB
CLOSE CLOSE

** REQUtP.ED FOR FIJGlrr 2A ONLY.

SHADED AREA PROVIDED BY PAYIA)AD SERVICES. REQ'D FOR FLT ZA ONLY.

Figure 20-G. ISS PMA1 MECHANISM
(Sheet I of 2)

FLT 2A ONLY-SYSTEM 1 HOOKS INSTRUMENTATION

FORM U 131-H-2 REV 9-87 7-17-98
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Table 20-A-1. Forces, Moments and Dynamic Excursion Limits

APDA PERFORMANCE REQUIREMENTS

APDA -6001 and -7001

a. Capture and attenuate with the following mass properties

Orbiter see Table 20-E ISS see Table 20-F

b. Contact Condition Limits (10)

APDA -6001 (1) -7001

Axial Velocity 0.0 to 0.2 fl/sec 0.0 to 0.2 ff/sec

(0.0 to 70.0 mm/sec) (0.0 to 70.0 mm/sec)

Lateral Velocity 0.15 ft/sec (radial) 0.15 ft/sec (radial)

Angular Velocity ¢-0.20 dog/see/axis ¢-0.20 deg/sec/axis

Lateral Misalignment (8) 4.2 in (radial) 4.2 in (radial)

Angular Misalignment ZT: i-4.0 (:leg :L-4.0dog/axis(2)
YT:_--4.0dog

Rotational XT: :L-4.0deg :L-4.0dog

c. APDA Mating and Demating Forces and Moments

DoG_.g Extensionat ReVactionat
MechanicalStop _M_e.':h_anicalStop

Load -6001 -7001 -8001 -6001 -7001 -8001 -6001 -7001 -8001
Tension 300¢-50 1000 300¢-5 n/a n/a n/a 2200 2200 2200

k_ kgf 0 kgf kgf* kgf° kgf *
Compression 300-¢-50 1000 300¢-5 1000 1000 n/a Ne n/a n/a
(Static) k_ kgf 0 k_f kgf* kgf°
Compression 850 kfg 1900 850 . Ne Na Ne n/a n/a n/a
(Dynamic- kgf kgf
< 0.1 sec.)

Shear (7) ¢-500kgf ¢-500 :L-500 n/a n/a n/a Na n/a n/e
k_ kgf

Bending(7) ¢500 kgf- ¢500 ¢-5(X) ¢500 ¢-500 ¢-500 n/a n/a n/a
m k_f-m kgf-m kgf-rn k_-.m kgf-m

Torsion +300 kgf- :1:300 :P.300 ¢300 :f:300 ¢300 n/a n/a n/a
m kgf-m kgf-m kgf-m kgf-m kgf-m

• = APDA internal loads not transmitted to ISS

d. Vehicle Relative Dynamic Rotation Limits During Mating (6)

8 ,..y 13°
6 z 13°

e. Undocking Separation Conditions (3) e

In accordance with 20.3.2.1.4

FORM M 131-H-2 REV 9-87 7-17-98
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Table 20-A-2. Forces, Moments and Dynamic Excursion Limits
MATED DESIGN LIMIT LOADS (4) (5)

APDA -6001/-8001

(12 StructuralHooksEngaged)

CASE la CASE lb CASE2 CASE 3

Axial ±500 kgf (1100 Ib) ±500 kgf (1100 Ib) +1800 kgf (3970 Ib) +1400 kgf (3080 Ib)

Shear (7) +500 kgf (1100 Ib) ± 500 kgf (1100 Ib) ±1500 kgf (3310 Ib) ±1700 kgf (3740 Ib)

Sending(7) ±4000 kgf-m ±6650 kgf-m ..¢-4000kgf-m ±7000 kgf-m
(28,900 ft-lb) (48,100 ft-lb) (28,900 ft-lb) (50,630 ft-lb)

Torsion ±6650 kgf-m ±4000 kgf-m ±4000 kgf-m +3500 kgf-m
(48,100 ft-lb) (28,900 ft-lb) (28,900 ft-lb) (25,320 t_-Ib)

APDA -7001
(24 StructuralHooksEngaged)

LOAD CASE RSS BENDING RSS SHEAR TORSION AXIAL
MOMENT

MaximumBending + 688,000 in-lb ± 1,330 Ib ± 376,000 in-lb ± 1,300 Ib
(+ 7,930 kg-m) (+ 600 kg) (:1:4,330kg-m) (+ 590 kg)

MaximumTorsion ± 442,000 in-lb ± 1,330 Ib + 662,000 in-lb ± 1,300 Ib
(+ 5,090 kg-m) (+ 600 kg) (+ 7,630 kg-m) (+ 590 kg)

MaximumAxial & ± 434,000 in-lb ± 3,000 Ib + 434,000 in-lb ± 4,410 Ib
Shear (+ 5,000 kg-m) (:I:1,360 kg) (+ 5,000 kg-m) (:1:2,000kg)

APDA-3002 (9)
(12 StructuralHooks Engaged)

CASE 1 CASE 2

Axial ±1800 kgf (3970 Ib) ±2000 kgf (4410 Ib)

Shear (7) ±1500 kgf (3310 Ib) :1:1700kgf (3740 Ib)
Bending(7) ±4000 kgf-m +3500 kgf-m

(28,900 f_-Ib) (25,320 ft-lb)
Torsion ±4000 kgf-m ±7000 kgf-m

(28,900 ft-lb) (50,630 ft-lb)

FORM M 131-H,-2REV 9-87 7-17-98
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I

NotesforTables 20-A-1 and20-A-2.

(1) These values are 3s maxima andshallbe appliedsimultaneouslyin a statistically
appropriatemanner,providedthatthe reachcapabilityof the internalpetalsis not exceeded

(2) 4 deg. aboutany axiswithinthe Orbiterx-y CYT- ZT) plane.
(3) Impulseshallbe appliedat the centerof the dockinginterfaceand alongthe mechanismXTaxis.

(4) Fordesignpurposes,the loadsand momentsshallapplysimultaneously.Loadsshallbe
appliedat thecenter of the dockinginterface.

(5) These are maximumcase-consistentloads.
(6) These can be simultaneousdynamicrotations.
(7) Value is a vectorsum

(8) Lateralmisalignmentis definedas the minimumdistance between the center of theactive
ringof the APDA and the longitudinalaxis of the captureringof the passiveAPDA at the
momentof firstcontact betweenthe guide petals.

(9) Providedthat additionaltestswon't be performed.

(10) Orbiter RCS jets willbe usedduringdockingto assistcapturedynamics. Two nose, F1D
and F2D, and two tail, L3D and R3D, jets will be operatedfromfirstcontact to capture. A
1.0 second pilotreactiontime, startingfrom firstcontact,is assumedbefore the PRCS jets
are activated. PostContact Thrusting1 (PCT1) shallconsistsof three 80 millisecondnose
and tailjet firingswith 160 milliseconddelay between them, a 1.0 second wait, andfinally
four 160 millisecondnoseand tail firingswith80 milliseconddelay between them. PCT2 is
the same as PCT1 except that in the second phase of firingitwill have onlythree pulses.
Each RCS pulsefor dockingoperation, has a ramp-uptime of 0.01 secondsto the
maximumforces or momentsshownin Table20-A-3o Forces/Momentsstay at thespecified
levelsfor 0.070 seconds for the firstphaseof firing,andfor 0.150 secondsfor the second
phaseof firing. The ramp-downtime fromthe maximumvalue to zero is also0.010
seconds.

Table 20-A-3. RCS Forces and Moments

Fxo = -152.28 kg
Fyo = 0
Fzo = 1113.85 kg
Mxo = 16.933 kg-m
Myo = 5026.63 kg-m
Mzo = 2.31 kg-m

I
FORM M 131-H-2 REV 9-87 7-17-98
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Table 20-E. Orbiter Mass Properties

Weight (kg) 98029
MOMENT OF INERTIA (kg-m2)
Ixx 1296162.01
Iw 9938145.94
Izz 10358449.52
PRODUCTOFINERTIA(kg-m=)
Pxv -10588.94
Pvz 595.2
Pxz -379629.04

C.G. offsetfrom dockingI/F (m)
X 11.533
Y -0.015
Z -2.588

Table 20-F. ISS Mass Properties

Flight4A Flight19A
Arrival Departure

Weight (k_ 85238 405140
Momentof Inertia(kg-rr_)

Ixx 560515 191818640
lyy 15572699 99274520
Izz 15481042 121412888

Productsof Inertia(kg-m=)
Ixy -16483 937686
lyz -7955 -555301
Ixz -278780 -6859398

c.g. offsetfrom dockingI/F (m)
X -18.696 -1.63
Y 0.01 -0.46
Z 4.968 21.157

RELATIVE ALIGNMENT IN SPACE STATION
ORBITER STRUCTURAL AXIS OF ALIGNMENT

AXIS
X PositiveX PositiveZ
Y NegativeY PositiveY
Z NegativeZ NegativeX

FORM M 131-1-1-2REV 9-87 t 7-17-98
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Table 20-G1. Orbiter/PMA . 2/3 Interfaces. X1 and X2

ur_u! II=1_I.P-JUKIN_;MECHANISM PMA - 2/3 RUSS AMER

(6001/-3002) (-8001) EMC WIRE WIRE FUNCTIONS
IN It:KFACE PANEL UMB I/F UMB IIF INTERFACE PANEL SIZE sIZE

CONN PIN CONN PIN CONN PIN CONN PIN (ram=) (GA)

Xl 93 X2 93

Xl 94 X2 94
Xl 95 X2 95

Xl 104 X2 104

X88 4 XI 105 _ X2 105 X103-2 4 EO1 8 GA* 8 TRANSFER POWER HI (140V)
Xl 106 X2 106

Xl 107 X2 107

Xl 118 X2 118

Xl 117 X2 117

Xl 118. X2 1t8

Xl 119 X2 119

Xl 128 X2 126
Xl 127 X2 127 .

XI 128 X2 128

X88 7 Xl 129 X2 129 X103-2 7 EO1 8 GA* 8 TRANSFER POWER HI (140V)
Xl 135 X2 135
Xl 136 X2 136

Xl 137 X2 137

X1 142 X2 142

, Xl 143 X2 143

,_ X2 93 Xl 93
X2 94 Xl 94
X2 95 Xl 95

X2 104 XI 194

X103 4 X2 105 XI 105 X88-2 4 EO2 8 GA" 8 TRANSFER POWER HI (140V)
X2 106 Xl 106
X2 107 Xl 107

X2 116 X1 116

X2 117 Xl 117

X2 118 XI 118

m

M 131-H-2 REV 9-87 7-17-_,.,
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Table 20-G1. Orbiter/PMA - 2/3 Interfaces. Xf and X2 (continued)

ORBITER DOCKING MECHANISM PMA - 2/3 RUSS AMER

(_0011-3002) (-8001) EMC WIRE WIRE FUNCTIONS
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (ram_) (GA)
X2 119] Xt 119

)(2 126 Xl 126

X2 127 XI 127

X2 t28 Xl 128

X103 7 X2 129 Xl 129 X98-2 7 EO2 8 GA* 8 TRANSFER POWER HI (140V)
)(2 135 Xt 135

X2 136 Xl 136

X2 1137 Xl 137

X2 :142 Xl 142

X2 143 XI 143

X1 88 X2 88

Xl 89 X2 89
Xl 90 X2 go

Xl 98 X2 98

X85 5 Xl 99 X2 99 X100-2 5 EOI 8 CA* 8 tRANSFER POWER LO
Xl 100 X2 t00

Xl 101 X2 101

Xl 110 X2 110

Xl 111 )(2 111

Xt 112 X2 112

'_ Xl 113 )(2 113

'_ X1 122 X2 122

Xl 123 X2 123

Xl 124 X2 124

X85 7 Xl 125 X2 125 X10_2 7 EO1 8 GA* 8 TRANSFER POWER LO
Xl 132 X2 132

Xl t33 X2 133

Xl 134 X2 134

Xl 140 X2 140

Xl t41 X2 141

FORM M t314¢2 REV 9_7 7-17-98
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Table 20-G1. Orbiter/PMA . 2/3 Interfaces. X1 and X2 (continued)

_,,,noz ! Cl_ I.,K.R_hlNt$ MI:::U_I:_M PMA - 2/3 RUSS AMER

(-60011-3002) (-8001) EMC WIRE WIRE FUNCTIONS
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (ram=) (GA)
X2 88 Xl 88

X2 89 Xl 89
X2 90 Xl go

X2 98 Xl 98

Xl00 5 X2 99 Xt 99 X85-2 5 EO2 8 GA° 8 TRANSFER POWER LO
X2 100 Xl 100

X2 101 Xl 10t

X2 110 Xl 110
X2 111 XI 1tl

X2 112 Xl 112

X2 "=* Xl 113 /

X2 I 12_ Xl 12_
X2 I 12: Xl 123

X2 I 12_ Xt 124

Xl00 7 X2 I 12.= Xl 125 X85-2 7 EO2 8 GA" 8 i'RANSFERPOWER LO
X2 I 13; ! XI 132
X2 I 133 XI 133

X2 P134 Xt 134

' X2 !140 Xl J 140

X2 141 Xl I 141

XI I 34 X2

Xl I 35 X2 35i
Xl I 45 X2 45 I

X85 t XI I 46 X2 46 I X100-2 1 EO1 POWER FAULT BOND
Xl I 47 X2 47 I

Xl I 48 X2 48 I I

Xl J 49 X2 49 I

Xl 150 X2 501

I xl 157 x2 5,s

M t31-H-2 REV 9-87

7-11 ..,
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Table 20-G1. Orbiter/PMA - 2/3 Interfaces. Xf and X2 (continued)

ORBITER DOCKINGMECHANISM PMA - 2/3 RUSS AMER

• (-6001/-3002) (8001) EMC WIRE WIRE FUNCTIONS
INTERFACE PANEL UMB I/F UMB I/I: INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (rnm_ (CA)
Xl 58 X2 58

Xl 59 X2 59

Xl 60 X2 60

Xl 61 X2 61

X85 3 Xl 62 X2 62 X100-2 3 EOt 8 GA" 8 TRANSFER POWER FAULT BOND
Xl 69 X2 69

Xl 70 X2 70

Xt 7t X2 71

Xl 72 X2 72

Xl 73 X2 73

X2 33 Xl 33

X2 34 Xl 34

X2 35 Xl 35
X2 45 Xl 45

Xt00 1 X2 46 Xl 46 X85-2 1 EO2 8 GA* 8 tRANSFER POWER FAULT BOND
)(2 47 Xl 47

X2 48 Xl 48

)(2 49 Xl 49
)(2 58 Xl 50

X2 57 Xl 57

X2 58 Xl 58

', X2 59 Xl 59

X2 60 Xl 80
X2 61 Xl 61

XI00 3 X2 82 Xl 62 X85-2 3 EO2 8 GA" 8 TRANSFER POWER FAULT BOND
X2 69 Xl 69

X2 70 Xt 70

X2 71 Xl 71

X2 72 Xl 72
X2 73 Xl 73

FORM M 131-t't-2REV 9.87 7-17-98
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Table 20-G1. Orblter/PMA . 2/3 Interfaces .)(1 and X2 (concluded)

_.._r_Di ! Er_ _U4.I,F_INU MI::_I'IANISM PMA - 2/3 RUSS AMER

(-.60011-3002) (-8001) EMC WIRE WIRE FUNCTIONS
IN_EI'tFACEPANEL UMB I/F UMB IIF INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm2) (GA)

X106 4 Xl 26 X2 26 n/a n/a HOI 0.35 22 ORB XI CONN MATE (TM/SIG)

X106 5 Xl 27 X2 27 n/a n/a HO1 0.35 22 ORB Xl CONN MATE (TM/PWR)

X106 5 Xl 28 X2 28 Na n/a HO1 0.35 22 ORB Xl CONN MATE (TM/SIG)

X106 7 Xl 29 X2 29 n/a n/a HO1 0.35 22 ORB Xl CONN MATE (TM/PWR)

X106 17 X1 4 X2 4 n/a Na HO1 0.35 22 (3RBXI CONN MATE U_,)

X106 19 Xl 149 X2 140 n/a n/a HOI 0.35 22 ORBXt CONN MATE (TEST)
Na n/a

X107 4 X2 20 XI 26 n/a n/a HO2 0.35 22 DRBX2 CONN MATE (TM/SIG)

X107 5 X2 27 Xl 27 n/a Na HO2 0.35 22 ' ORB X2 COI_N MATE (TM/PWR)

X107 6 X2 28 Xl 28 n/a n/a HO2 0.35 22 ORB X2 CONN MATE (TM/SIG)

X107 7 X2 29 Xl 29 Na n/a HO2 0.35 22 ORB X2 CONN MATE (TM/PWR)

X107 17 X2 4 Xl 4 n/a n/a HO2 0.35 22 ORB X2 CONN MATE (TEST)

X107 19 X2 149 Xl 149 n/a n/a HO2 0.35 22 ORB X2 CONN MATE (TEST)

NOTES: 8 GA* = RUSSIAN SIDE TO USE AMERICAN 8 GA WIRE FOR POWER TRANSFER
(8 GAWIRE TO BE PROVIDED TO RUSSIA BY U.S.)

A = NO RUSSIAN PIGTAILS REQUIREO FOR ORB X1/X2 CONNECTOR MATES ON PMA-2/3 SIDE OF INTERFACE
(LOOP BACKWITHIN RUSSIAN CONNECTOR) .

B = NO RUSSIAN PIGTAILS REQUIRED FOR ORB XI/X2 CONNECTOR MATES ON EITHER SIDE OF INTERFACE
It/- • NOT APPLICABLE; NO PINS AT I/F PANEL; CONNECTOR MATE FUNCTIONS JUMPERED AT UMBIUCAL INTERFACE

, M 13144-2 REV 9-87
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Table 20-G2. Orbiter/PMA - 2/3 Inferfaces - )(3 and X4

ORBITER DOCKING MECHANISM PMA - 2/3 RUSS AMER

(-6001/-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN I PIN CONN PIN (ram=) (GA)

X02 32 X4 160 X3 160 X92-2 32 ML1 0.35 22 PMA-1 HOOKS 1CLOSED IND C

X92 33 X4 159 X3 159 X92-2 33 MLI 0.35 22 PMA-i HOOKS 3 CLOSED IND C

X92 34 X4 158 X3 158 X92-2 34 MLI 0.35 22 PMA-t HOOKS 5 CLOSED IND C

X92 35 X4 157 X3 157 X92-2 35 MLI 0.35 22 PMA-t HOOKS 9 CLOSED INO C

X92 35 X4 156 X3 156 X92-2 35 ML1 0.35 22 PMA-t HOOKS 11CLOSED IND C

X92 37 X4 153 X3 153 X92-2 37 ML1 0.35 22 PMA-I HOOKS 1,3,5,9,11 CLOS IND SOURCE (1) C

X92 38 X4 152 X3 152 X92-2 38 MLI 0.35 22 PMA-.IHOOKS 1,3,5,9,ii CLOS IND SOURCE (2) C
X96 32 X3 103 X4 103 X96-2 32 ML2 0.35 22 PMA-I HOOKS 2 CLOSED IND C

X96 33 X3 104 X4 104 X96-2 33 ML2 0.35 22 PMA-IHOOKS 4 CLOSED IND C

X96 34 X3 ' 105 X4 105 X96-2 34 ML2 0.35 22 PMA-I HOOKS 8 CLOSED IND C

X96 35 X3 I06 X4 106 X96-2 35 ML2 0.35 22 PMA-1 HOOKS 10CLOSED IND C

X96 36 X3 107 X4 107 X96-2 35 ML2 0.35 22 PMA_:IHOOKS 12CLOSED IND C

X96 37 X3 114 X4 114 X96-2 37 ML2 0.35 22 PMA-1 HOOKS 2,4,8,t0,12 CLOS IND SOURCE (1) C

X96 35 X3 121 X4 121 X96-2 35 ML2 0.35 22 PMA-I HOOKS 2,4,8,10,12 CLOS IND SOURCE (2) C

X96 40 X3 122 X4 i22 X96-2 40 ML2 0.35 22 PMA-I X3 CONN MATE (TM/SIG) C

X96 39 X3 123 X4 123 X96-2 39 MI.2 0.35 22 PMA-t X3 CONN MATE (TM/PWR) C

X92 40 X4 154 X3 154 X02-2 40 ML1 0.35 22 PMA-I X4 CONN MATE (TM/SIG) C

X92 39 X4 i55 X3 155 X92-2 39 ML1 0.35 22 PMA-I X4 CONN MATE (TM/PWR) C

'_ X111 31 X3 176 X4 176 X97-2 44 ML2 0.35 22 ORBX3 CONN MATE (TM/SIG) A

X111 32 X3 177 X4 177 X9T-2 45 Mr.2 0.35 22 ORB X3 CONN MATE (TM/PWR) A

X110 31 X4 176 X3 i76 X93-2 44 ML1 0.35 22 !ORBX4 CONN MATE (TMISIG) A

X110 32 X4 177 X3 177 X93-2 45 MLI 0.35 22 ORB X4 CONN MATE (TM/PWR) A

FORM M 1314"1-2REV 9-81 7-17-98



CODE IDENT. NO. 03953
NUMBER REVISION LE I I I:R

JSC 26938 232

Table 20-G2. Orbiter/PMA . 2/3 Interfaces .)(3 and X4 (continued)

_r'Lm, c_ I._.J_l_lnl_MI=_tlANI_M PMA - 2/3 RUSS A:'-"_,

('6001/-3002) ('8001) EMC WIRE WIRE FUNCTIONS NOTE
IN3EI_FACEPANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN: CONN PIN (ram=) (GA)

X94 1 X4 4 X3 4 X94-2 1 ML 0.35 22 ICOM A IN HI - TALK (ORB TO STAT) 25-'

X94 5 X4 10 X3 10 X94-2 5 ML 0.35 22 ICOM A IN LO - TALK 25-1

X94 5 X4 9 X3 9 X94-2 6 ML 0.35 22 ICOMA IN SHD - TALK 25-1*

X94 2 X4 28 X3 28 X94-2 2 ML 0.35 22 COM A OUT HI - Li$iEN (STAT TO ORB) 25-;

X94 3 X4 19 X3 19 X94-2 3 ML 0.35 22 ICOM A OUT LO - LI_EN 25-;

X94 7 X4 18 X3 18 X94-2 7 ML 0.35 22 ICOMA OUT SHD - LISTEN 25-2'

X94 4 X4 22 X3 22 X94-2 4 ML 0.35 22 PAGE IN HI - TALK 25-3

X94 8 X4 32 X3 32 X94-2 8 ML 0.35 22 PAGE IN LO - TALK 25-3

X94 9 X4 30 X3 30 X94-2 9 ML 0.35 22 PAGE IN SHD - TALK 28-3'

X94 10 X4 41 X3 41 X94-2 t0 ML 0.35 22 PAGE OUT HI - LI_iEN 25-4

X94 16 X4 42 X3 42 X94-2. 16 ML 0.35 22 PAGE OUT LO - LI_IEN 25-4

X94 17 X4 40 X3 40 X94-2 17 ML 0.35 22 PAGE OUT SHD - Li_iEN 25-4"

X94 15 X4 108 X3 108 X94-2 15 ML 0.35 22 PAGE KEY SIGNAL HI 2S-5

X94 22 X4 107 X3 107 X94-2 22 ML 0.35 22 PAGEKEY SIGNAL LO 25-5

X94 23 X4 120 X3 120 X94-2 23 ML 0.35 22 PAGE KEY SIGNALSHD 25-5"

X94 13 X4 118 X3 118 X94-2 13 ML 0.35 22 AIR TO GNO IN HI - TALK 25-6

X94 14 X4 119 X3 119 X94-2 14 ML 0.35 22 AIR TO GND IN LO o TALK 25-6

X94 21 X4 115 X3 115 X94-2 21 ML 0.35 22 AIR TO GND IN SHD - TALK 25-6'

X94 12 X4 8 X3 8 X94-2 12 ML 0.35 22 AIR TO GND OUT HI - USTEN 25-7

, X94 19 X4 7 X3 7 X94-2 19 ML 0.35 22 NR TO GND OUT LO - LISTEN :_R-7

,_ X94-2 - LISTEN

X94 X94-2 - TALK

X94 X94-2 - TALK

X94 X94-2 - TALK

X94 X94-2 OUT HI - LISTEN

X94 X94-2 OUT LO - LISTEN

X94 X94-2 )LIT SHD - LISTEN

X94 X94-2 SIG HI

X94 X94-2 f SIG LO

X94 X94-2 SIG SHD

| M 13t-H-2 REV 9-8T
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Table 20-G2. Orbiter/PMA - 213Interfaces. X3 and X4 (continued)

ORBi i I=HOOCKINGMECHANISM PMA - 2/3 RUSS AMER

(-6001/-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PiN (rnm2) (GA)

X111 1 X3 161 X4 161 Xl11-2 1 RF2 0.2* 22 1553 BUS - 1A HI 2S-11

X111 2 X3 162 X4 102 X11i-2 2 RF2 0.2" 22 1553 BUS - IA LO 2S-1i

X111 3 X3 163 X4 163 Xl11-2 3 RF2 0.35 22 1553 BUS- 1A SHD 2S-11'

Xll I 11 X3 164 X4 164 X1 ii-2 11 RF2 0.2* 22 SPARE B

X111 12 X3 165 X4 185 X11t-2 t2 RF2 0.2* 22 SPARE B

Xtll 13 X3 166 X4 166 Xi11-2 t3 RF2 0.35 22 SPARE B

X111 15 X3 161 X4 167 Xtlt-2 15 RF2 0.2" 22 1553 BUS - 2A HI 2S-13

X111 t5 X3 168 X4 188 Xl11-2 16 RF2 0.2* 22 1553 BUS - 2A LO 2S-13

X111 17 X3 i69 X4 169 X111-2 11 RF2 0.35 22 1553 BUS - 2A SHD 2S-13"

X111 20 X3 170 X4 170 Xl11-2 20 RF2 0.2* 22 SPARE B

X111 21 X3 t71 X4 171 xili-2 21 RF2 0.2* 22 SPARE B

Xlil 22 X3 172 X4 172 X111-2 22 RF2 0,35 22 SPARE B

Xl10 1 X4 161 X3 101 X11002 1 RFt 0.2* 22 1553 BUS - IB HI 2S-i5

X110 2 X4 102 X3 162 X110-2 2 RFI 0.2* 22 1553 BUS- 1B LO i 2S-15

X110 3 X4 163 X3 163 j X110-2 3 RFI 0.35 22 1553 BUS - IB SHD 2S-15'

X110 11 X4 164 X3 164 X11002 11 RF1 0.2* 22 SPARE B

X110 12 X4 165 X3 165 X110-2 12 RFi 0.2* 22 SPARE B

X110 13 X4 166 X3 166 X110-2 13 RFI 0.35 22 5PARE B

X110 15 X4 167 X3 167 X11002 15 RF1 0.2* 22 1553 BUS * 2B HI 2S-17

'_ Xl10 16 X4 168 X3 168 X11002 16 RF1 0.2" 22 1553 BUS - 2B LO 2S-17

'_ X110 17 X4 169 X3 169 X110-2 17 RF1 0.35 22 1553 BUS - 2B SHD 2S-17'

X110 20 X4 170 X3 170 X110-2 20 RF1 0.2" 22 SPARE

Xl10 21 X4 171 X3 171 X110-2 21 RF1 0.2* 22 SPARE B

X110 22 X4 172 X3 172 X11002 22 RF1 0.35 22 SPARE B

Xlll 34 X3 109 X4 109 X111-2 34 RF 0.2* 22 ISSA VIDEO TO ORB HI 2S-19

Xt tl 35 X3 110 X4 110 X111-2 35 RF 0.2* 22 ISSA VIDEO TO ORB LO 2S-19

X111 36 X3 111 X4 111 X111-2 36 RF 0.35 2,_' ISSA VIDEO TO ORB SHD 2S-19'

X111 38 X3 1i8 X4 115 X111-2 38 RF 0.2* 22 ORB VIDEO TO ISSA HI 2S-20

FORM M 13141-2 REV 9-87 7-17-98
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Table 20-G2. Orbiter/PMA . 2/3 Interfaces - )(3 and)(4 (continued)

UI_I_II I=1_UUUKINr3 MECHANISM PMA - 2/3 RUSS AMER

(4S0011-3802) (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INiI=I<FACE PANEL UMB UF UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm: (CA)

Xlll 39 X3 119 X4 119 X111-2 30 RF 0.2` 22 ORB VIDEO TO ISSA LO 2S-20

X111 40 X3 120 X4 120 X111-2 40 RF 0.35 22 ORS VIDEO TO ISSA SHD 2S-20'

Xt 11 48 X3 115 X4 115 XI 11-2 48 RF 0.2" 22 ORB VIDEO TO ISSA (RMS SUPPORT) HI 2S-21

X111 49 X3 116 X4 118 X111-2 49 RF 0.2" 22 ORB VIDEO TO ISSA (RMS SUPPORT) LO 2S-2i

Xttt 50 X3 117 X4 t17 Xl11-2 50 RF 0.35 22 ORB VIDEO TO ISSA (RMS SUPPORT) SHD 2S-21'
X94 38 X4 i79 X3 170 X94-2 36 HO1 0.35 20 PASS _-CH M6 GROUP 1 HOOKS

X94 37 X4 t50 X3 150 X94-2 37 HOl 0.35 20 PASS MECH M8 GROUP 1 HOOKS

X94 20 X4 173 X3 173 X94-2 29 HOt 0.35 20 PASS MECH M8 GROUP 1 HOOKS

X94 28 X4 174 X3 174 X94-2 28 HOI 0.35 20 PASS MECH M6 GROUP 1 HOOKS

X94 31 X4 181 X3 181 X94-2 31 HOI 0.35 20 PASS MECH M5 GROUP 2 HOOKS D
X94 30 X4 175 X3 175 X94-2 30 HOI 0.35 20 PASS MECH M8 GROUP 2 HOOKS

X94 30 X4 178 X3 178 X94-2 39 HOl 0.35 20 PASS MECH M8 GROUP 2 HOOKS D
X94 38 X4 151 X3 151 X94-2 38 HOI 0.35 20 PASS MECH M8 GROUP 2 HOOKS

X99 35 X3 173 X4 173 X99-2 36 HO; 0.35 20 PASS M___CHM7 GROUP 1 HOOKS

X99 37 X3 174 X4 174 X99-2 37 HO_ 0.35 20 PASS MECH M7 GROUP 1 HOOKS

X99 29 X3 170 X4 179 X99-2 29 HO2 0.35 20 PASS M__CHM7 GROUP 1 HOOKS

X99 28 X3 180 X4 150 X99-2 28 HO2 0.35 20 PASS __MEC.HM? GROUP 1 HOOKS

X99 31 X3 178 X4 178 X99-2 31 HO2 0.35 20 PASS MECH M9 GROUP 2 HOOKS D
X99 30 X3 184 X4 184 X99-2 30 HO2 0.35 20 PASS MECH M9 GROUP 2 HOOKS

X99 39 X3 175 X4 175 X99-2 39 HO2 0.35 20 PASS MECH M9 GROUP 2 HOOKS D
X99 38 X3 156 X4 156 X99-2 38 HO2 0.35 20 PASS MECH M9 GROUP 2 HOOKS

X94 32 X4 44 X3 44 X94-2 32 HOI 0.35 22 PASS MECH M8 GRP 1 HKS OPEN IND/INHIBIT

X94 33 X4 43 X3 43 X94-2 33 HOI 0.35 22 PASS MECH M6 GRP 1 HKS OPEN IND SOURCE

X94 24 X4 38 X3 38 X94-2 24 HOI 0.35 22 PASS MECH M5 GRP 1 HKS CLOS IND/INHIBIT

X94 25 X4 37 X3 37 X94-2 25 HO1 0,35 22 PASS MECH M6 GRP 1 HKS CLOS IND SOURCE

X94 43 X4 31 X3 31 X94-2 43 HO1 0.35 22 PASS MECH M8 GRP 2 HKS OPEN IND/INHIBIT

X94 44 X4 39 X3 39 X94-2 44 HOI 0.35 22 PASSMECH M8 GRP 2 HKS OPEN IND SOURCE

I M 13141-2 REV 9_7
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Table 20-G2. Orblter/PMA . 2/3 Interfaces. X3 and X4 (continued)

ORBi I _-KDOCKING MECHANISM PMA - 2/3 RUSS AMER

(-60011-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB IIF UMB I/F INTERFACE PANEL SIZE SIZE

CONN PiN CONN PiN CONN PIN CONN PIN (ml_) (GA)

X94 48 X4 35 X3 35 X94-2 48 HOt 0.35 22 PASS MECH M8 GRP 2 HKSCLOS INDIINHIBIT

X94 49 X4 34 )(3 34 X94-2 49 HO1 0.35 22 PASS MECH M8 GRP 2 HKSCLOS IND SOURCE

X99 32 X3 1 X4 1 Xgg-2 32 HO2 0.35 22 PASS MECH M7 GRP 1 HKSOPEN INDIINHIBIT

X99 33 )(3 5 X4 . 5 X99-2 33 1tO2 0.35 22 PASS MECH M7 GRP 1 HKS OPEN IND SOURCE

X99 24 X3 95 X4 95 X99-2 24 1tO2 0.35 22 PASS MECH M7 GRP 1 HKS CLOS IND/INHIBIT

X99 25 X3 96 X4 96 X99-2 25 HO2 0.35 22 PASS MECH M7 GRP 1 HKS CLOS IND SOURCE

X99 43 X3 54 X4 54 X99-2 43 HO2 0.35 22 P_SS MECH M0 GRP 2 HKS OPEN INDIINHIBIT

X99 44 X3 60 X4 60 X99-2 44 HO2 0.35 22 PASS MECH M9 GRP 2 HKS OPEN IND SOURCE

X99 48 X3 97 )(4 97 X99-2. 48 HO2 0.35 22 PASS MECH M9 GRP 2 HKS CLOS IND/INHIBIT

X99 49 X3 98 X4 98 X99-2 49 1102 0.35 22 PASS MECH M9 GRP 2 HKS CLOS IND SOURCE

X94 40 X4 72 X3 72 X94-2 40 MLI 0.35 22 PASS MECH HKS 1,3,5 CLOSED IND SOURCE

X94 45 X4 109 X3 109 X94-2 45 ML1 0.35 22 PASS MECH HK8 1,3,5 CLOSED IND

X94 46 ;1(4 101 X3 101 X94-2 46 MLI 0.35 22 PASS MECH HKS 7,9,11 CLOSED IND SOURCE

X94 50 )(4 102 X3 102 X94-2 50 MLI 0.35 22 PASS MECH HKS 7,0,11 CLOSED IND

X99 40 X3 99 )(4 99 X99-2 40 ML2 0.35 22 PASS MECH HKS 2,4,8 CLOSED IND SOURCE

X99 45 )(3 100 X4 100 X99-2 45 ML2 0.35 22 PASS MECH HKS 2,4,8 CLOSED IND

'_ X99 48 X3 101 X4 101 X9_2 46 ML2 0.35 22 PASS MECH HKS 8,10,12 CLOSED IND SOURCE

X99 50 X3 102 X4 102 X99-2 50 ML2 0.35 22 PASS MECH HKS 8.10,12 CLOSED IND

X92 20 X4 112 X3 112 X92-2 20 HO1 0.35 20 DOCK MECH HEATER (H1-1 +) C

X92 21 X4 104 X3 104 X92-2 21 HO1 0.35 20 DOCK MECH HEATER (H1-1 -) C

X96 20 X3 89 X4 80 X9_2 20 HO2 0.35 20 DOCK MECH HEATER (HI-2 +) C

X96 21 X3 85 )(4 85 X96-2 21 HO2 0.35 20 DOCK MECH HEATER (H1-2 -) C

X92 22 X4 116 X3 116 X92-2 22 HO3 0.35 20 DOCK MECH HEATER (HI-3 +) C

X92 23 X4 110 X3 110 X92-2 23 1tO3 0.35 20 DOCK MECH HEATER (H1-3 -) C

X96 22 X3 92 X4 92 X96-2 22 HO3 0.35 20 DOCK MECH HEATER (H2-1 +) C

Xg6 23 X3 88 X4 88 X96-2 23 HO3 0.35 20 DOCK MECH HEATER (H2-1 -) C

FORM M 131-H-2REV 9-87 7-I 7-98
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Table 20-G2. Orbiter/PMA . 2/3 Interfaces. )(3 and X4 (continued)

UI_OII ¢:r__F_IN_,._ MI¢UPIANI_M PMA - 2/3 i RUSS AMER
('6001/-3002) (--8001) EMC WIRE WIRE FUNCTIONS NOTE

IN;F'HFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm*) (GA)

X92 26 X4 113 X3 113 X92-2 26 HOI 0.35 20 DOCKMECH HEATER (H2-2 +) C

X92 27 X4 105 X3 105 X92-2 27 HOI 0.35 20 DOCKMECH HEATER (H2-2 -) C

X92 28 X4 114 X3 114 X92-2 28 HO2 0.35 20 DOCK M_C_ HEATER (H2-3 +) C

X92 29 X4 106 X3 106 X92-2 29 HO2 0.35 20 DOCK MECH HEATER (H2-3 -) C

X92 30 X4 117 X3 117 X92-2 30 HO3 0.35 20 DOCK MECH HEATER (H3-1 +) C

X92 31 X4 111 X3 111 X92-2 31 HO3 0.35 20 DOCK MECH HEATER (H3.1 -) C

X96 28 X3 91 X4 91 X96-2 28 HO2 0.35 20 DOCK MECH HEATER (H3.2 +) C

X96 27 X3 87 X4 8? X96-2 27 HO2 0.35 20 DOCK MECH HEA_-H (H3-2 -) C

X96 28 X3 90 X4 90 . X96-2 28 1101 0.35 20 DOCK MECH HEATER (1t3-3 +) C

X90 29 X3 86 X4 86 X96-2 29 1101 0.35 20 DOCK MF__r_H.HEATER (H3-3 -) C

X92 13 X4 57 X3 57 X92-2 13 1101 0.35 22 RINGALIGNED C

X96 13 X3 40 X4 40 X96-2 13 HO2 0.35 22 RINGALIGNED C

X92 14 X4 58 X3 58 X92-2 14 1101 0.35 22 INITIALCONTACT C

X96 14 X3 4t X4 41 X96-2 14 1tO2 0.35 22 INITIAL CONTACT C

X92 18 X4 56 X3 56 X92-2 18 HO1 0.35 22 CAPTURE (SHORT) C

X96 18 X3 39 X4 39 X96-2 18 HO2 0.35 22 CAPTURE (SHORT) C

X92 19 X4 55 X3 55 X92-2 19 NO1 0.35 22 CAPTURE (LONG) C

Xg6 19 X3 38 X4 38 X96-2 19 HO2 0.35 22 CAPTURE (LONG) C

'_, X92 1 X4 23 X3 23 X92-2 1 HOI 0.35 29 _VR SUP TO RING MTR (M4) C

X92 2 X4 24 X3 24 X92-2 2 HO1 0.35 20 PWR SUP TO RING MTR (M4) C

vo,_ • ...... X92-2 MTR (M4)

X92 X92-2 MTR (M4)

X96 X96-2 (M5)
X96 X96-2

Xgfl X96-2 [M5)

X96 X96-2 RING MTR(-_

X92 X92-2 POSITION
X96 X96-2

I M 131-1t-2REV 9-8Z
7-1_ _.,



CODE IDENT. NO. OR�R_

NUMBER q LETTER PAGE I
JSC 26938 237

Table 20-G2. Orbiter/PMA - 2/3 Interfaces -)(3 and X4 (continued)

ORBI i El<DOCKING MECHANISM PMA - 2/3 RUSS AMER

(_0011-3002) , (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm_) (GA)

Xg6 46 X3 61 X4 61 X96-2 46 HO3 0.35 22 CONTROL SENSOR RETURN C

X92 45 X4 77 X3 77 X92-2 45 HOt 0.35 22 CONTROL SENSOR RETURN C

X92 48 X4 78 X3 78 X92-2 46 HO2 0.35 22 CONTROL SENSOR RETURN C

X92 3 X4 59 X3 59 X92-2 3 HOI 0.35 22 RING INITIAL POSITION C

X96 3 X3 42 X4 42 X96-2 3 HO2 0.35 22 RING INITIAL POSITION C

X92 4 X4 60 X3 60 X92-2 4 HOI 0.35 22 RING FORWARD POSITION C

X96 4 X3 43 X4 43 X96-2 4 HO2 0.35 22 RING FORWARD POSITION C

X92 11 X4 53 X3 53 X92-2 11 HOI 0.35 22 CAPTURE LATCHES OPEN IND C

Xg6 tl X3 35 X4 38 X96-2 11 HO2 0.35 22 CAPTURE LATCHES OPEN IND C

X92 12 X4 54 X3 54 X92-2 12 HOI 0.35 22 CAPTURE LATCHES CLOS IND C

X96 12 X3 37 X4 37 X9_2 t2 HO2 0.35 22 CAPTURE LATCHES CLO8 IND C

X96 5 X3 2 X4 2 X96-2 5 HO2 0.35 20 PWR SUP TO CAP LAT MTR (MI) + C

X92 5 X4 1 X3 1 X92-2 5 HOI 0.35 20 PWR SUP TO CAP LAT MTR (M1) + C

X98 41 X3 20 X4 20 X96-2 41 HO1 0.35 20 PWR SUP TO CAP LAT MTR (Mt) - C

X92 41 X4 17 X3 17 X92-2 41 HOI 0.35 20 PWR SUP TO CAP LAT MTR (MI) - C
X92 8 X4 48 X3 48 X92-2 8 HO2 0.35 20 _APTURE LATCH NO. 1 CLOS C

X96 8 X3 31 X4 31 X06-2 8 1tO1 0.35 20 _TURE LATCH NO. 1 CLOS C

X92 15 X4 47 X3 47 X92-2 15 HO2 0.35 20 _s,PTURE LATCH NO. 1 OPEN C

X96 15 X3 30 X4 30 X96-2 15 HO1 0.35 20 CAPTURE LATCH NO. 1 OPEN C

X92 6 X4 2 X3 2 X02-2 6 HO2 0.35 20 PWR SUP _1"OCAP LAT MTR (M2) �C

X96 42 X3 2i X4 21 X96-2 42 HO2 0.35 20 PWR SUP TO CAPLAT MrR (M2) - C

X96 6 X3 3 X4 3 X96-2 6 HO3 0.35 20 PWR SUP TO CAP LAT MTR (M2) + C

X92 42 X4 20 X3 20 X92-2 42 HO2 0.35 20 PWR SUP TO CAP LAT MTR (M2) - C
X92 0 X4 50 X3 50 X92-2 9 HO3 0.35 20 CAPTURE LATCH NO. 2 CLOS C

Xg6 9 X3 33 X4 33 X96-2 0 HO2 0.35 20 CAP;URE LATCH NO. 2 CLOS C

X92 le X4 49 X3 49 X92-2 16 ' 1tO3 0.35 20 CAPTURE LATCH NO. 2 OPEN C

X96 16 X3 32 X4 32 X96-2 16 HO2 0.35 20 CAPTURELATCH NO. 2 oPEN C

FORM M t3t-H-2 REV 9-87 7-1 7-98
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Table 20-G2. Orbiter/PMA . 2/3 Interfaces. X3 and)(4 (continued)

_,1_Ol!I=f_LK.,R_I_IIN_MI::UI'I/M_I:_M PMA - 2/3 RUSS A;,,',E,_

(-6001/-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTI
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mrrr_) (CA

X92 7 X4 3 'X3 3 X92-2 7 HO3 0.35 20 PWR SUP TO CAP LAT MTR (M3) + C

X96 43 X3 22 X4 22 X96-2 43 HO3 0.35 20 PWR SUP TO CAP I.AT MTR (M3) - C

X96 7 X3 4 X4 4 X96-2 7 HOI 0.35 20 P;,_ SUP TO CAP tAT MTR (M3) + C

X02 43 X4 21 X3 21 X92-2 43 HO3 0.35 20 PWR SUP TOCAP tAT MTR (M3) - C

X92 10 X4 52 X3 52 X92-2 10 HO1 0.35 20 CAPTURE LATCH NO. 3 CLOS C

X96 10 X3 35 X4 35 X96-2 10 HO3 0.35 20 CAPTURE LATCH NO. 3 CLOS C

X92 17 X4 51 X3 51 X92-2 17 HO1 0.35 20 CAPTURE LATCH NO. 3 OPEN C

X96 17 X3 34 X4 34 X96-2 17 HO3 0.35 20 CAPTURE LATCH NO. 30PI=N C

X93 1 X4 25 X3 25 X93-2 1 HO1 0.35 20 PWR SUP TO M6 GROUP 1 HOOKS C

X93 5 X4 67 X3 67 X93-2 5 HOI 0.35 20 _';;R SUP TO M8 GROUP 1 HOOKS C

X93 47 X4 12 X3 12 X93-2 47 HOI 0.35 20 PWR SUP TO M8 GROUP 1 HOOKS C

X93 48 X4 66 X3 66 X93-2 48 HO' 0.35 20 PWR SUP TO M8 GROUP 1 HOOKS C

X07 5 X3 50 X4 50 X97-2 5 HO2 0.35 20 P¢;R SUP TO M7 GROUP 1 HOOKS C

X97 1 X3 25 X4 25 X97-2 1 HO2 0.35 20 PWR SUP TO M7 GROUP 1 HOOKS C

X97 47 X3 8 X4 8 X97-2 47 HO2 0.35 20 PWR SUP TO M7 GRuI./P 1 HOOKS C

X97 48 X3 49 X4 49 X97-2 45 HO2 0.35 20 ,";,_ SUP TO M7 GROUP 1 NOOKS C

X93 7 X4 63 X3 63 X93-2 7 HOI 0.35 22 GROUP t HOOKS CLOSED C

X97 7 X3 45 X4 45 X97-2 7 HO2 0.35 22 SROUP I"_"_'KS CLOSED C

, X93 6 X4 62 X3 62 X93-2 5 HO1 0.35 22 _ C

X97 6 X3 45 X4 45 X97-2 6 HO2 0.35 22 GROUP 1 H_EN C

X93 18 X4 81 X3 8i X93-2 18 HOI 0.35 20 FiXE_ 1 (+) C

X97 18 X3 64 X4 64 X97-2 18 HO1 0.35 20 FIXER 1 ( i�C

X93 19 X4 82 X3 82 X93-2 19 HOI 0.35 20 FIXER 1 (-) c
vm, 4n ....... X97-2

X93 X93-2 (.)
xgT X97-2

X03 X93-2 (+)

X97 X97-2 (+)
m

t M 13141-2 REV 9-87
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Table 20-G2. Orbiter/PMA - 2/3 Interfaces. X3 and X4 (continued)

ORB!I I::HtDOCKING MECHANISM PMA - 2/3 RUSS AMER

(-60011-3002) (-8001} EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/I= UMB I/1= INTERFACE PANEt SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mmz) (GA)

X93 22 X4 85 X3 85 X93-2 22 HO2 0.35 20 FIXER 2 (-) C

X97 22 X3 68' X4 68 X07-2 22 HO2 0.35 20 FIXER 2 (-) C

X03 23 X4 86 X3 86 X93-2 23 HO2 0.35 20 FIXER 2 (-) C

)(97 23 X3 69 X4 69 X97-2 23 HO2 0.35 20 RXER 2 (-} C

X03 24 X4 87 X3 87 X93-2 24 HO3 0.35 20 FIXER 3 (+) C

X97 24 X3 70 X4 70 X07-2 24 HO3 0.35 20 FIXER 3 (+) C

X93 30 X4 88 X3 88 X93-2 30 HO3 0,35 20 FIXER 3 (-) C

X07 30 X3 71 X4 71 X97-2 30 HO3 0.35 20 FIXER 3 (-) C

X93 31 X4 89 X3 89 X93-2 31 HO3 0.35 20 FIXER 3 (-) C

X97 31 X3 72 X4 72 X07-2 31 HO3 0.35 20 FIXER 3 (-) C

X93 16 X4 90 X3 90 X93-2 16 HO 0.35 20 FIXER 4 (+) C

X97 16 X3 73 X4 73 X97-2 16 HO 0.35 20 FIXER 4 (+) C

X93 t7 X4 91 X3 91 X03-2 17 HO 0.35 20 FIXER 4 (-) C

X07 17 X3 74 X4 74 X97-2 17 HO 0.35 20 FIXER 4 (-) C

X93 25 X4 92 X3 92 X93-2 25 HO 0.35 20 FIXER 4 (-) C

X97 25 X3 75 X4 75 X07-2 25 HO 0.35 20 FIXER 4 (-) C

X93 27 X4 93 X3 93 X93-2 27 HO 0.35 20 FIXER 5 (+) C

X97 27 X3 70 X4 70 X97-2 27 HO 0.35 20 FIXER § (+) C

X93 28 X4 94 X3 94 X93-2 20 HO 0.35 20 FIXER 5 (-) C

X97 28 X3 77 X4 77 X97-2 28 HO 0.35 20 FIXER 5 (-) C

X93 29 X4 95 X3 95 X03-2 29 HO 0.35 20 FIXER 5 (-) C

X97 29 X3 78 X4 78 )(97-2 29 HO 0.35 20 FIXER 5 (-) C

X93 26 X4 96 X3 96 X93-2 26 HO1 0.35 20 HI-ENERGY DAMPER NO. 1 (+) C

X97 28 X3 79 X4 70 X97-2 26 HO1 0.35 20 HI-ENERGY DAMPER NO. 1 (+) C

X93 34 X4 07 X3 9/' X93-2 34 HOI 0.35 20 HI-ENERGY DAMPER NO, I (-) C

xg/' 34 X3 80 )(4 80 X9/'-2 34 HOI 0.35 20 HI-ENERGY DAMPER NO. 1 (-) C

X03 35 X4 98 X3 98 X93-2 35 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 (._) C

X97 35 X3 81 )(4 81 X9/'-2 35 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 ('-) C

X93 38 X4 99 X3 99 X93-2 36 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 (-) C

FORM M 131-1"1-2REV 9.8? 7-1 7-98
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Table 20-G2. Orbiter/PMA . 2/3 Interfaces. X3 and)(4 (continued)

V_DI I I=1_LR.R;RIr/{=_MI:UHANISM PMA - 2/3 RUSS AMER

(4B0011-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/I= UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm_ (GA)

X97 36 X3 82 X4 82 X97-2 36 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 (-) C

X93 32 X4 100 X3 100 X93-2 32 HO3 0.35 20 HI-ENERGY DAI_PEI_ NO. 3 (+) C

X97 32 X3 83 X4 83 X97-2 32 HO3 0.35 20 HI-ENERGY DAMPER NO. 3 (+) C

X93 33 X4 103 X3 103 X03-2 33 HO3- 0.35 20 HI-ENERGY DAMPER NO, 3 (-) C

X97 33 X3 84 X4 84 X97-2 33 HO3 0.35 20 HI-ENERGY DAMPI=I_NO. 3 (-) C

X9T 2 X3 9 X4 9 X97-2 2 HO2 0.35 20 PWR SUP TO M9 GROUP 2 HOOKS C

X97 3 X3 51 X4 51 X07-2 3 HO; 0.35 20 _%;'_'SUP TO M9 GROUP 2 HOOKS C

X9T 49 X3 26 X4 26 X07-2 40 HO2 0.35 20 _"_';RSUP TO M9 GROUP 2 HOOKS C

X97 50 X3 52 X4 52 X97-2 50 HO2 0,35 20 _ SUP TO M9 GROUP 2 HOOKS C

X93 2 X4 14 X3 14 X93-2 2 HOI 0.35 20 _NR SUP TO M8 GROUP 2 HOOKS C

X93 3 X4 68 X3 68 X93-2 3 HOI 0.35 20 PWR SUP TO M8 GROUP 2 HOOKS C

X03 40 X4 29 X3 29 X93-2 49 HO 0.35 20 PWR SUP TO M8 GROUP 2 HOOKS C

X93 50 X4 69 X3 69 X03-2 50 HOI 0.35 20 PWR SUP TO M8 GROUP 2 HOOKS C

X93 0 X4 65 X3 65 X93-2 9 HOI 0.35 22 GROUP 2 HOOKS CLOSED C

X97 9 X3 48 X4 48 X97-2 9 HO2 0.35 22 GROUP 2 HOOKS CLOSED C

X93 8 X4 64 X3 64 X93-2 8 HOI 0.35 22 GROUP 2 HOOKS OPEN C

X97 8 X3 47 X4 47 X97-2 8 HO; 0.35 22 GROUP 2 HOOKS C'P_-_; C

X93 4 X4 73 X3 73 X93-2 4 HO1 0.35 22 GROUP 1 HOOKS IN_ETWEEN C

X97 4 X3 56 X4 56 X97-2 4 HO_ 0.35 22 SROUP 1 HOOKS IN-BETWEEN C

X97 10 X3 57 X4 57 X97-2 10 HO1 0.35 22 SROUP 2 HOOKS IN4BETWEEN C

X93 10 X4 74 X3 74 X93-2 10 HO2 0.35 22 GROUP 2 HOOKS IN-BETWEEN C

X93 46 X4 79 X3 79 X93-2 40 HO2 0.35 22 CONTROL SENSOR RETURN C

X97 40 X3 62 X4 62 X97-2 48 HO2 0.35 22 CONTROL SENSOR RETURN C

X93 40 X4 80 X3 80 X93-2 40 HO1 0.35 22 CONTROL SENSOR RE IURN C

X93 11 X4 75 X3 75 X93-2 11 HO1 0.35 22 READY TO HOOK C

X97 11 X3 58 X4 58 X97-2 11 HO2 0.35 22 READYTO HOOK C

X93 12 X4 70 X3 76 X93-2 12 HO1 0.35 22 UNDOCKCOMPLETE C

X97 12 X3 59 X4 59 X97-2 12 HO2 0,35 22 UNDOCKCOMPLETE C

X03 14 X4 71 X3 71 X93-2 14 HO2 0.35 22 INTERFACE SEALED p

F M 13144-2REV 9-8T
7-1_.
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Table 20.G2. Orbller/PMA . 213Interfaces - X3 and X4 (continued)

ORBITER DOCKING MECHANISM PMA- 2/3 RUSS AMER

(-80011-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/F UMB IIF INTERFACE PANEl SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm2) (GA)

X07 15 X3 55 X4 55 X97-2 i5 HO3 0.35 22 IN[ERFACE SEALED C

X97 13 X3 53 X4 53 X97-2 13 I-IOi 0.35 22 INTERFACE SEALED C

X93 13 X4 70 X3 70 X93-2 13 HO3 0.35 22 INTERFACE SEALED C

X97 40 X3 63 )(4 63 X97-2 40 HO1 0.35 22 _0NTROL SENSOR RETURN C

Xt09 1 X3 10 X4 10 X109-2 t ML 0.35 22 BALLSCREW NO. I UN ADV (COM) C

X109 2 X3 11 X4 11 X109-2 2 ML 0.35 22 BALL SCREW NO. 1 UN ADV (SIG) C

X109 3 X3 12 X4 i2 X109-2 3 ML 0.35 22 BALLSCREW NO. 1 LIN ADV (EXC) C

X109 4 X3 13 )(4 13 X109-2 4 ML 0.35 22 BALLSCREW NO. 2 MN ADV (SIG) C

X109 19 X3 128 X4 128 X109-2 19 ML 0.35 22 BALLSCREW NO. 2 UN ADV (EXC) C

X109 5 X3 14 X4 14 Xi09-2 5 ML 0.35 22 BALLSCREW NO. 3 MN ADV (SIG) C

X109 21 X3 135 X4 t35 X109-2 21 ML 0.35 22 BALLSCREW NO. 3 LINADV (EXC) C

X109 6 X3 15 X4 15 X109-2 6 ML 0.35 22 BALLSCREW NO. 1 MISALIGN (SIG) C

X109 22 X3 136 X4 138 X109-2 22 ML 0.35 22 BALLSCREW NO. 1 MISALIGN (EXC) C

X109 ? X3 15 X4 15 X109-2 7 ML 0.35 22 BALLSCREW NO. 2 MISALIGN (SIG) C

X109 23 X3 137 X4 137 X109-2 23 ML 0.35 22 BALLSCREW NO. 2 MISALIGN (EXC) C

X109 8 X3 17 X4 17 X109-2 8 ML 0.35 22 BALLSCREW NO. 3 MISALIGN (COM) C

X10B 9 X3 18 X4 18 X109-2 9 ML 0.35 22 BALLSCREW NO. 3 MISALIGN(SIG) C

XI09 10 X3 19 X4 19 X109-2 10 ML 0.35 22 BALLSCREW NO. 3 MISALIGN (EXC) C

X109 12 X3 28 X4 28 X109-2 12 ML 0.35 22 LATCHESMANUAL RELRTN C

Xi09 11 X3 27 X4 27 XI09-2 11 ML 0.35 22 LATCHESMANUAL RELEASE C

X109 13 X3 29 X4 29 X109-2 13 ML2 0,35 22 RINGFINAL POSITION C

X109 14 X3 93 X4 93 X109-2 14 ML 0.35 22 CAPTURE LATCH OPEN C

X109 15 X3 94 X4 94 X10_2 15 ML 0.35 22 CAPTURE LATCHES CLOSED C

X109 16 X3 124 X4 124 X10°_2 16 ML 0.35 22 RING INITIAL POSITION C

X109 17 X3 125 X4 125 X109-2 17 ML2 0.35 22 RING FORWARD POSITION C

X108 1 X4 122 X3 122 X108-2 1 ML 0.35 22 LWR BALL SOCKET NO 1 TEMP (COM) c. 2_22

X108 2 X4 123 X3 123 X108-2 2 ML 0.35 22 LWR BALLSOCKET NO 1 TEMP (EXC) c, 2_22

X108 3 X4 124 X3 124 X108-2 3 ML 0.35 22 LWR BALL SOCKET NO 2 TEMP (COM) c. 2¢23

X108 4 X4 125 X3 125 Xl0&2 4 ML 0.35 22 LWR BALL SOCKET NO 2 TEMP (EXC) c. 2_23

FORM M 13141-2 REV 9-87 7-17-98
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Table 20-G2. Orbiter/PMA . 2/3 Interfaces - X3 and X4 (continued)

vr_Io!! I::_ I.R.J_INL:_Mt:GHANISM PMA - 2/3 I RUSS AMER
(-6001/-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTE

INl _-HFACEPANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (ram2) (GA)

X108 5 X4 126 X3 126 X108-2 5 ML 0.35 22 LWRBALLSOCKET NO 3 TEMP (COM) c. 2s.2,

X108 O X4 120 X3 128 Xi08-2 6 ML 0.35 22 LWR BALLSOCKET NO 3 TEMP (EXC) c. 25-2,1

X108 7 X4 129 X3 129 X108-2 7 ML 0.35 22 CAPTURE LATCH NO. i TEMP (COM) c,2s-2.,

X108 6 X4 130 X3 130 X108-2 8 ML 0.35 22 CAPTURE LATCH NO. 1 TEMP (EXC) c. 2s-2_

Xi08 9 X4 131 X3 131 X108-2 9 ML 0.35 22 CAPTURE LATCH NO. 2 TEMP (COM) c. 2s-ze

X108 10 X4 132 X3 132 X108-2 10 ML 0.35 22 CAPTURE LATCH NO. 2 TEMP (EXC) c, 2s-2e

Xt00 11 X4 133 X3 133 X108-2 11 ML 0.35 22 CAPTURE LATCH NO. 3 TEMP (COM) c, 2s-2r

X108 12 X4 134 X3 134 X108-2 12 ML 0.35 22 CAPTURE LATCH NO. 3 TEMP (EXC) c, 2s.2r

X108 13 X4 135 X3 135 X108-2 t3 ML 0.35 22 DOCKING RING DRIVE TEMP (COM) c, 2s-2o

X108 14 X4 130 X3 138 X108-2 14 ML 0.35 22 DOCKING RING DRIVE TEMP (EXC) c. 2s-2e

X109 25 X3 143 X4 143 X109-2 25 ML1 0.35 22 LINDOCKCOMPLETE C

X109 24 X3 138 X4 138 X109-2 24 MLI 0.35 22 READY TO HOOK C

X109 20 X3 132 X4 132 X109-2 20 ML1 0.35 22 READYTO HOOK RTN C

X109 28 X3 147 X4 147 X109-2 28 ML1 0.35 22 GROUP 1 HOOKS CLOSED POS C

X109 27 X3 145 X4 145 X109-2 27 ML2 0.35 22 GKOUP 2 HOOKS OPEN POSITION C

X109 29 X3 144 X4 144 X109-2 20 ML1 0.35 22 GROUP 1 HOOKS OPEN POSITION C

X109 29 X3 182 X4 182 X109-2 29 ML2 0.35 22 GRCK,IP2 HOOKS CLOSED POS C

X109 18 X3 128 X4 126 X109-2 18 ML2 0.35 22 GROUP 2 HOOKS PJ-OSEPOS RTN C

, X108 25 X4 148 X3 148 X108-2 25 ML 0.35 22 _KP 1 HKS LINEAR ADV (EXC) C

, X108 26 X4 149 X3 149 X108-2 26 ML 0.35 22 3RP 1 HKS LINEAR ADV (SIG) C

X108 27 X4 150 X3 150 X108-2 27 ML 0.35 22 GRP 1 HKS LINEAR ADV (COM} C

X108 28 X4 182 X3 182 X108-2 28 ML 0.35 22 GRP 2 HKS LINEAR ADV (EXC) C

Xt08 29 X4 183 X3 183 X108-2 29 ML 0.35 22 GRP 2 HKS LINEAR ADV (SIG) C

X108 30 X4 184 X3 184 X108-2 30 ML 0.35 22 GRP 2 HKS LINEAR ADV (COM) C

X108 15 X4 137 X3 137 X108-2 15 ML 0.35 22 DOCKING I/F TEMP NO. I (COM) c. 2s.zo

X108 16 X4 138 X3 138 X108-2 16 ML 0.35 22 DOCKING I/F TEMP NO. 1 (EXC) c. =s-2_

X108 17 X4 139 X3 139 X108-2 17 ML 0.35 22 DOCKING I/F TEMP NO. 2 (COM) c,2s-)o

X108 10 X4 140 X3 140 X108-2 18 ML 0.35 22 [X)CKING I/F TEMP NO. 2 (EXC) c. 2s-3o

F M 13141-2REV 9..87
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Table 20-G2. Orblter/PMA - 2/3 Interfaces - X3 and X4 (concluded)

ORBii _H DOCKING MECHANISM PMA - 2/3 RUSS AMER

(-6001/-3002) (-8001) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (ram2) (GA)

X108 19 X4 141 )(3 141 X108-2 19 ML 0.35 22 OOCKING I/F TEMP NO. 3 (COM) c.2s_31

X108 20 )(4 142 X3 142 X108-2 20 ML 0.35 22 DOCKING I/F TEMP NO. 3 (EXC) c.2_31

X108 21 )(4 144 X3 144 X108-2 21 ML 0.35 22 HOOKS DRIVE TEMP NO. 1 (COM) c. 2s_32

X108 22 )(4 145 X3 145 X108-2 22 ML 0.35 22 HOOKS DRIVE TEMP NO. 1 (EXC) c.2s_32

X108 23 X4 146 X3 145 Xt08-2 23 ML 0.35 22 HOOKS ORIVETEMP NO. 2 (COM) c.z_a3

X108 24 )(4 147 X3 147 X108-2 24 ML 0.35 22 HOOKS DRIVE TEMP NO. 2 (EXC) c.2s-33

XI08 50 )(4 t43 )(3 143 X108-2 50 ML 0.35 22 SHD (ALLAPDS TEMP MEAS)

X99 t )(3 129 )(4 129 . X99-2 1 1tO 0.35 22 SPARE B

X99 2 X3 130 X4 130 X99-2 2 HO 0.35 22 SPARE B

X99 3 X3 148 )(4 148 X99-2 3 HO 0.35 22 SPARE B

X99 4 X3 149 )(4 149 X99-2 4 HO 0.35 22 SISARE B

X99 5 X3 150 X4 150 X99-2 5 HO 0.35 22 SPARE B

X99 6 X3 151 X4 151 X9_2 6 HO 0.35 22 SPARE B

X99 7 X3 153 X4 153 X99-2 T ilo 0.35 22 SPARE B

X99 8 X3 154 )(4 154 X99-2 8 HO 0.35 22 SPARE B

X99 9 X3 155 X4 155 X99-2 9 HO 0.35 22 SPARE B

X99 41 X3 131 X4 131 X99-2 41 PIG 0.35 22 SPARE B

X99 42 X3 148 X4 146 X99-2 42 HO 0.35 22 SPARE B

X99 47 X3 152 X4 152 X99-2 47 PIG 0.35 22 SPARE B

NOTES: A = NO RUSSIAN PIGTAILSREQUIRED FOR ORB X31X4CONNECTOR MATES ON PMA-2/3 SIDE OF INTERFACE
(LOOP BACKWITHIN RUSSIAN CONNECTOR)

B = NO RUSSIANPIGTAILS REQUIRED FOR SPARE FUNCTIONS ON EITHER SIDE OF INTERFACE
C = FOR -3002 ONLY
D = FOR -3002 ONLY:X94-31 IS X94-39. X94-39 IS X94-31; X99-31 IS X99-39, X99-39 IS X99-31
2S "(FOR 2S-1 THRU 2S-21) TWO CONDUCTOR TWISTEO & SHIELOEDTHRU A SINGLE SHIELD PIN ('OENOTES SHIELD PiN)
2S • (FOR 2S-22 THRU 2S-33) TWO CONOUCTORS TWISTED & SHIELDED WITH ALL SHIELDS TIED TOGETHER

RUSS WIRESIZE 0.2° = 75-OHM, 0.2MM=WIRE
AFTER THE 3A MISSION, THE DOCKING MECHANISM FUNCTIONS WILL BE REMOVED

FORM M 13141-2 REV 1_87 7-1 7-98



I M 13141-2 REV 9-87
7-17-oo



CODE IDENT. NO. 03953

NUMBER REVISION LETTER .... I PAGE

Table 20-G3. PMA - 1 FGB Interfaces - Xl and)(2 (continued)

PMA - 1 FGB RUSS AMER

(-7001) EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL I/F IIF DISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (ram=) (GA)
X106 29 Xl 01 X2 61 X107 29 HOI 0.35 22 SPARE "°

X106 30 Xl 62 X2 62 X107 30 HO1 0.35 22 SPARE "°

X106 31 Xl 63 X2 63 X107 31 HOI 0.35 22 SPARE "*

X106 34 Xl 64 X2 64 X107 34 HO1 0.35 22 SPARE **

X106 35 Xl 72 ,I(2 72 Xt07 35 HOI 0.35 22 SPARE '°

X106 35 Xl 73 X2 73 X107 36 NO1 0.35 22 SPARE **

X106 37 Xl 74 X2 74 X107 37 HO1 0.35 22 SPARE "*

X106 38 Xl 75 X2 75 X107 38 HO1 0.35 22 SPARE *°

X106 39 Xl 81 )(2 81 X107 39 HOI 0.35 22 SPARE *°
X106 40 Xl 82 X2 82 X107 40 HO1 0.35 22 5PARE °`

X106 41 Xl 83 X2 83 X107 41 HOI 0.35 22 SPARE **
X106 42 Xl 84 X2 84 X107 42 HO1 0.35 22 SPAIRE **

X106 43 Xl gO X2 90 Xl0? 43 HOI 0.35 22 SPARE **

X106 44 Xl 91 X2 91 Xl0? 44 HO1 0.35 22 SPARE *"

X106 45 Xl 92 X2 92 X107 45 HOI 0.35 22 SPAIqE "

• X108 48 Xl 93 X2 93 X107 46 1101 0.35 22 SPARE **

X106 47 XI 101 X2 101 X107 47 HO1 0.35 22 SPARE °°

X106 48 Xt 102 X2 102 X107 48 HOI 0.35 22 SPARE **

X106 49 X1 103 X2 103 Xl0? 40 HOI 0.35 22 SPARE ;.

', X106 50 Xl 104 X2 t04 Xl0? 50 HO1 0.35 22 Si)ARE *"

', X107 29 X2 61 Xl 61 X106 29 HO2 0.35 22 SPARE "

X107 30 X2 62 X1 62 X106 30 HO2 0.35 22 SPARE °*

X107 31 X2 63 Xl 63 X106 31 HO2 0.35 22 SPARE ""

X107 34 X2 64 Xl 64 X106 34 HO2 0.35 22 SPARE *°

X107 35 X2 72 X1 72 X106 35 HO2 0.35 22 SPARE "

X107 36 X2 73 Xl 73 X106 36 HO2 0.35 22 :SPARE **

X107 37 X2 74 Xl 74 X106 37 HO2 0.35 22 SPARE *"

X107 38 X2 75 Xl 75 Xi06 38 HO2 0.35 22 SPARE '"

XI07 39 X2 8i Xl 81 X106 39 HO2 0.35 22 SPARE "

FORM M 13t-H-2 REV g-87 7-1 7-98
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Table 20-G3. PMA . 1 FGB Interfaces. Xl and X2 (concluded)

r_ - I ,"Cr_, RUSS AblER

(-7001) EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL I/F I/F DISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mrn:) (GA)
X107 40 X2 82 Xl 82 X106 40 1102 0.35 22 SPARE "

X107 41 X2 83 Xl 83 X106 41 HO2 0.35 22 SPARE **

X107 42 )(2 84 Xl 84 X106 42 HO2 0.35 22 SPARE "*
Xl0? 43 X2 90 X1 90 X106 43 HO2 0.35 22 SPARE "*

X107 44 X2 01 Xl 91 X106 44 HO2 0.35 22 SPARE *"

X107 45 X2 92 Xl 92 XI06 45 HO2 0.35 22 SPARE **

Xl0? 46 X2 93 Xl 93 X106 40 HO2 0.35 22 SPARE "*

X107 47 X2 101 X1 101 X106 47 HO2 0.35 22 SPARE "

X101 48 X2 102 Xl 102 X106 48 HO2 0.35 22 SPARE *"

X107 40 X2 103 Xl 103 X106 49 HO2 0.35 22 ;SPARE "*

X107 50 X2 104 Xl 104 X106 50 HO2 0.35 22 SPARE "°

m
ii

t M 13t-H-2 REV 9-87
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Table 20-G4. PMA - 1/FGB Interfaces. X3 and)(4
ill

PMA - 1 FGB RUSS AMER

(-700t) EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL I/F I/F OISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mn_) (GA)

Xl10 1 X4 101 X3 16i X110 1 RFI 0.2* 22 CB GNC - tA HI 2S-5

X110 2 X4 162 X3 162 X110 2 RF1 0.2* 22 CB GNC - 1A LO 2S-5

X110 3 X4 163 X3 163 X110 3 RFI 0.35 22 CB GNC - IA SHD 2S-5"

X110 10 X4 1701 X3 170 X110 10 RFI 0.2° 22 CB GNC-2A HI 2S-6

Xi10 9 X4 171 X3 171 X110 9 RFI 0.2* 22 C.BGNC - 2A LO 2S-6

X110 8 X4 172 X3 172 X110 8 RFI 0.35 22 CB GNC- 2A SHD 2S-6"

X110 13 X4 164 X3 164 X110 13 RFI 0.2* 22 LBCHeCS. SM-A HI 2S-7

X110 12 X4 165 X3 165 X110 12 RFI 0.2" 22 LB CI-leCS- SM-A LO 25-7

Xl 10 11 X4 166 X3 166 X110 1i RFi 0.35 22 LBCHeCS - SM-A SHD 2S-7'

Xi10 47 X4 100 X3 100 X110 47 RFI 0.2* 24 UB ORB - NI - 1A HI 2S-32

X110 48 X4 101 X3 101 X110 48 RF1 0.2* 24 US ORB - NI - IA LO 12S-32

X110 49 X4 102 X3 102 X110. 49 RFI 0.35 22 LIBORB - N1 - 1ASHD 2S-32'

X110 23 X4 167 X3 167 X110 23 RFI 0.2* 22 LIBORB - NI - 2A HI 2S-8

X110 24 X4 168 X3 168 X110 24 RFI 0.2* 22 LIBORB - N1 - 2A LO 2S-8

Xt10 25 X4 169 X3 169 X110 25 RFI 0,35 22 LIBORB - N1 - 2A SHD 2S-8"

X110 26 X4 133 X3 133 X110 26 RF1 0.2* 22 JBRS - 1AHI 2S-9

X110 27 X4 t34 X3 134 X110 27 RFI 0.2* 22 LB RS - IA LO 2S-0

X110 28 X4 135 X3 t35 X110 20 RFt 0.35 22 LB RS - IA SHD 2S-9"

X110 29 X4 144 X3 144 X110 29 RF1 0.2* 22 LB RS - 2A HI 2S-10

X110 30 X4 145 X3 145 X110 30 RF1 0.2" 22 LB RS - 2A LO 2S-10

'_ Xl10 31 X4 146 X3 146 i X110 31 RFI 0.35 22 LB RS - 2A SHD 2S-10"

FORM M 13144-2 REV 9-8? 7-1 7-98



CODE IDENT. NO. 03953

j NUMBER REVISION LEI,ERJSC 26938 A J B I C I I 248

Table 20-G4. PMA . 1/FGB Interfaces. )(3 and X4 (continued)

PMA - 1 FGB RUSS AMER

(-700t) EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL I/F I/F DISCONN PNL SIZE SIZE

CONN PIN _ _ CONN _ (ram2) (GA)

X108 3"'-'2-- X4 4 X3 4 XlO8 _-" :_ 0.3"-'--'__ _

X108 3"---_"_ _ X108 _ _ _ T _

X108 T X4""-"""'-"_ _ X108 34""-"__ _ _ _

xlo"--"'-i---3"-'_-_ _ xlo8 _ _ _ _ _

X108 36 X4 79 _ X108 3-"'_--i_-"_ ..__82/_xlos 3--7-_ _ XlO. _ ML1I0.-_-- _.21 X3_
X108 T _ x3 2---'-"-TXlOe ___ __

NO "'NO GB CT _
RUSSIAN WIRE SIZE 0.2* ,,/S-OHM, 0.2ramI WIRE

m
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CODE IDENT. NO. 03953

Table 20.G4. PMA - 1/FGB Interfaces - X3 and X4 (continued)

PMA - 1 FGB RUSS AMEF

(-700t) EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL I/F IIF DISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mcnrt) (GA)

X111 I X3 161 X4 161 X111 1 RF2 0.2* 22 CB GNC- IB HI 2S-1'

Xl11 2 X3 182 )(4 162 Xlll 2 RF2 0.2* 22 CBGNC- 1B LO 2S-ll

X111 3 X3 163 X4 163 X111 3 RF2 0.35 22 CB GNC - tB SHD 2S-11"

Xlll 10 )(3 170 )(4 170 X111 10 RF2 0.2" 22 CB GNC - 2B HI 2S-12

Xlll 9 X3 171 X4 171 Xlll 9 RF2 0.2* 22 CB GNC-2B LO 2S-12

X111 8 X3 172 X4 172 X11t 8 RF2 0.35 22 CB GNC- 2B SHD 2S-12.

X111 13 X3 164 X4 164 X111 13 RF2 0.2* 22 LB CNeCS - SM-B HI 2S-13

X11t 12 X3 165 )(4 165 Xlll 12 RF2 0.2" 22 LB CHeCS - SM-B LO 2S-13

X111 11 X3 166 X4 166 X111 tl RF2 0.35 22 I.B CI-leCS- SM-B SHO 2S-13'

X111 47 X3 100 X4 100 X111 47 RF2 0.2" 24 US ORB - N1 - 1B HI 2S-36

Xll I 48 X3 101 X4 101 X111 48 RF2 0.2* 24 UB ORB - NI - IB LO 2S-36

Xlll 49 X3 102 X4 102 X111 49 RF2 0.35 22 US ORB - NI - IB SHD 2S-36"

X111 23 X3 167 X4 167 X111 23 RF2 0.2* 22 LIBORB - NI - 2B HI 2S-14

X111 24 X3 168 X4 168 Xlll 24 RF2 0.2" 22 UB ORB - NI -2BLO 28-14

X111 25 X3 169 X4 169 X111 25 RF2 0.35 22 LIBORB- N1 - 2B SHD 2S-14"

X111 26 X3 133 X4 133 X111 26 RF2 0.2" 22 LBRS-IBHI 2S-t5

X111 27 X3 134 X4 134 X111 27 RF2 0.2" 22 LIBRS - tB LO 2S-15

X111 28 X3 135 X4 135 X111 28 RF2 0.35 22 LiBRS - IB SHD 2S-15"

Xlll 29 )(3 144 X4 144 X111 29 RF2 0.2" 22 LB RS-2B HI 2S-16

'_ Xlll 30 X3 145 X4 145 X111 30 RF2 0.2" 22 LB RS-2B LO 2S-16

'_ X111 31 X3 146 X4 146 X111 31 RF2 0.35 22 LS RS-2B SHD 2S-16°

X109 32 X3 4 X4 4 X109 32 ML2 0.35 22 PMA-I X3 CONN MATE (TM/SIG) 2T-20

X109 33 X3 173 X4 173 X109 33 MI.2 0.35 22 PMA-I X3 CONN MATE (TM/PWR) 2T-20

X109 34 X3 3 )(4 3 X109 34 MI_2 0.35 22 FGB SYS TB 1 1 X4 CONN MATE "* 2T-21

X109 35 X3 180 X4 180 X109 35 MI.2 0.35 22 FGB SYS TB 1 / X4 CONN MATE "* 2T-21

X109 36 X3 79 )(4 79 X109 36 ML2 0.35 22 FGB SYS TB 2 1 X4 CONN MATE "° 2T-22

X109 37 X3 86 X4 86 X109 37 ML2 0.35 22 FOBSYS TB 2 1 X4 CONN MATE " 2T-22

X109 38 X3 28 X4 28 X109 38 ML2 0.35 22 FGBSYS TB 3 1 X4 CONN MATE °" 2T-30

X109 3g X3 29 X4 29 X109 39 ML2 0.35 22 FGBSY8 TB 3 1 X4 CONN MATE "' 2T-30

FORM M 131-H-2REV 9-87 7-17-98
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CODE IDENT. NO. 03953

NUMBER I RE_/I'SION_ETTT i i I PAGEJSC26938 IA IB'IC I

Table 20.G4. PMA - 1/FGB Interfaces - X$ and)(4 (continued)

PMA - 1 FGB RUSS AMER

(-T001) EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL IIF I/F DISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mot2) (CA)

XI09 13 X3 33 X4 33 X109 13 ML2 0.35 22 US T() RS AUDIO CH 2 HI 2S-25

X109 12 X3 34 X4 34 XI09 12 MI.2 0.35 22 US TO RS AUDIO CH 2 LO 2S-25

X109 11 X3 35 X4 35 XI09 11 ML2 0.35 22 US TO RS AUDIO CH 2 SHD 2S-25"

X109 23 X3 38 X4 38 X109 23 ML2 0.35 22 RS TO US AUDIO CH 2 HI 2S-28

XI09 24 X3 37 X4 37 X109 24 ML2 0.35 22 RS TO US AUDIO CH 2 LO 2S-26

XI09 25 X3 36 X4 36 X109 25 ML2 0.35 22 RS TO US AUDIO CH 2 SHD 2S-26"

X109 4i X3 87 X4 87 X109 41 ML2 0.35 22 RS TO US AUDIO CH 1B HI 2S-33

XI09 42 X3 88 X4 88 X109 42 ML2 0.35 22 RS TO US AUDIO CH 1B LO 2S-33

X109 43 X3 89 X4 89 XI09 43 ML2 0.35 22 RS TO US AUDIO CH IB SHD 2S-33"

X109 45 X3 92 X4 92 X109 46 ML2 0.35 22 SPARE *** 2S-34

X109 45 X3 93 X4 93 X109 45 ML2 0.35 22 SPARE °" _ 2S-34

X109 44 X3 94 X4 94 X109 44 ML2 0.35 22 SPARE "** 2S-34"J

X109 26 X3 57 X4 57 X109 26 ML2 0.35 22 IJSTO RS LOUD ANNUNC CH 2 HI 2S-27

X109 27 X3 58 X4 58 X109 27 ML2 0,35 22 LJSTO RS LOUD ANNUNC CH 2 LO 2S-27

X109 28 X3 59 X4 59 X109 28 ML2 0.35 22 LISTO RS LOUD ANNUNC CH 2 SHD 2S-27"

Xl0g 29 X3 62 X4 62 X109 29 MI.2 0.35 22 _S TO US LOUD ANNUNC CH 2 HI 2S-28

X109 30 X3 61 X4 0i X109 30 ML2 0.35 22 RS TO US LOUD ANNUNC CH 2 LO 2S-28

X109 31 X3 60 X4 60 X109 31 ML2 0.35 22 RS TO US LOUD ANNUNC CH 2 SHD 2S-28'

FORM M 13141-2 REV 9-8? ................... 7-1 7-98



CODE IDENT. NO. 03953

NUMBER I REVISION LETTER IPAGE IJsc26938 A IB Icl I I I I 252
I

Table 20-G4. PMA . 1/FGB Interfaces. X3 and)(4 (concluded)
rm_ - 1 FGB RUSS AMER

(-7001) EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL I/F I/F DISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (ramz) (GA)

X108 1 X4 13 X3 13 X108 1 MLI 0.35 22 SPARE "" 2S-1

Xi08 2 X4 14 X3 14 X105 2 MLt 0.35 22 SPARE "*" 2S-1

X108 3 X4 15 X3 15 X108 3 ML1 0.35 22 SPARE "*" 2S-1"
X108 0 X4 0 X3 6 X100 8 MLt 0.35 22 SPARE _'*...... 2S.2 _
X108 9 X4 7 X3 7 X108 9 MLt 0.35 22 SPARE ***_ 2S-;

X108 10 X4 8 X3 8 X108 10 MLt 0.35 22 SPARE "" 2S-'--'-2-
Xl10 36 X4 97 X3 97 X110 36 RFI 0.2* 24 SPARE _*...... 2S-31

Xl10 37 X4 98 X3 98 X110 37 RFI 0.2* 24 SPARE *'* 2S-3"-'_
Xt10 38 X4 99 X3 99 X110 38 RFI 0.35

22 SPARE "*" 2S-31"
X109 1 X3 13 X4 13 X109 1 ML2 0.35 22 SPARE "**..... 2S-3

X109 2 X3 14 X4 14 X109 2 ML2 0.35 22 SPARE **" 2S-3

X109 3 X3 15 X4 15 X109 3 ML2 0.35 22 _ 2S.3------_.

X109 8 X3 0 X4 6 X109 8 MI.2 0.35 22 S-"_E "** 2S4_---'_•

X109 9 X3 7 X4 7 X109 9 ML2 0.35 22 SPARE _ 2S_-'_"
X109 10 X_ T X4 ----8"" "-'-X109 10 ML2 0.35 22 SPARE **"....... 2s_
Xtll 30 X3 97 X4 97 Xlll 36 RF2 0.2* 24 SPARE "*" 2S-35

Xltl 37 X3 98 X4 08 Xlll 37 RF2 0.2* 24 SPARE °** !2S-3"_-5"
Xll I 38 X3 99 X4 99 XI 11 38 RF2 0.35 22 SPARE *** :PR-R_;*

, NO_ES: 2S = TWO CONDUCTORS TW_STEU& SHIELDED THRUA SINGLE SHIELD PIN (* DENOTES SHIELD PIN)2T = TWO CONDUCTORS TWISTED BUT NOT SHIELDED
" *'°NOT WIRED ACROSS INTERFACE; NO RUSSIAN PIGTAILS REQUIRED

F_ M 131-H-2 REV 9-87

7-17-_



Table 20-H-1. Fatigue Load Spectrum

AmplitudeTier -7001 APDA -6001/-8001 APDA
Percent of LimitLoad Cycle Count Cycle Count

90-100 10 10
80-90 50 50
70-80 100 100
60-70 200 700
50-60 1,000 1,000
40-50 2,000 7,000
30-40 - . 22,000 40,000
20-30 50,000 80,000
15-20 50,000 100,000
10-15 200,000. 750,000
5-10 5,000,000 6,500,000
2.5-5 5,000,000 10,000,000

Table 20-H-2. Structural Hook Simultaneous Loads Test Plan

APb_ Hooks Bending Torsion Axial Shear Cycles
Active Moment

Limit -6001/-8001 12 6650 6650 500 500 2
Loading -7001 24 7930 7630 590 600 2

-6001/-8001 12 6650 4000 10
5985 3600 50
5320 3200 100
4655 2800 n/a n/a 700
3990 2400 1000
3325 2000 7000
2660 1600 40000
1995 1200 80000
1330 800 100000

Fatigue .60011-8001 12 4000 6650 10
Loading 3600 5985 n/a n/a 50

3200 5320 100
2800 4655 700

-6001/-8001 12 1000 1000 n/a Na 800000
-7001 24 7930 4330 10

7137 3897 n/a n/a 50
6344 3464 150

-7001 24 5390 7530 10
4581 6867 n/a n/a 50
4072 6104 100

Ultimate -80011-8001 12 9975 9975 750 750 1
Loadin_l -7001 24 11900 11450 890 900 1

FORMM 131-H-2REV9-87 7-17-98



CODE IDENT. NO. 03953
NUMBER

254

-1

Table 20-1. Electrical Interface Connections Between
Orbiter and APDA-6001

I_U,5,5 DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (turn=) CONN PiN

ML1 0.2. X55 13 PFCU CONNECTOR MATE JUMPER

ML1 0.2 X55 17 FPFCUCONNECTOR MATE JUMPER

ML1 0-2 X55 18 PFCU CONNECTOR MATE JUMP,I=_

ML1 0-2 X55 20 PFCU CONNECTOR MATE JUMPER

ML1 0.2 X55 19 PFCU CONNECTOR MATE JUMPER

ML1 0.2 X55 15 PFCU CONNECTOR MATE JUMPP-R

ML1 0.2 X56 13 PFCU CONNECTOR MATE JUMPP-J_

ML1 0-2 X56 17 PFCU CONNECTC,'_MATE JUMP'|-R

ML1 0-2 X56 18 PFCU CONNEC_uR MATE JUMP'_-N

ML1 0.2 X56 20 PFCU CONNEu_-_rORMATE JUMPER

ML1 0-2 X56 19 _FCU CONNECTOR MATE JUMPER

ML1 0.2 X56 15 !PFCUCONNECTOR MATE JUMPER

ML2 0.2 X65 13 PFCU CONNECTOR MATE JUMP,El.(

ML2 0-2 X65 17 PFCU CONNECTOR MATE JUMPER

ML2 0.2 X65 18 PFCU CONNECtoR MATE JUMPER

ML2 0.2 X65 20 PFCU CONNECtoR MATE JUMP_-R

ML2 0.2 X65 19 PFCU CONNECTOR MATE JUMP'_P¢

ML2 0-2 X65 15 PFCU CONNECTOR MATE JUMPE_

ML2 0.2 X66 13 F=FCUCONNECTOR MATE JUMPER

ML2 0.2 X66 17 IPFCUCONNECTOR MATE JUMPER

ML2 0-2 X66 18 PFCU CONNECTOR MATE JUlvil-'t::R

ML2 0.2 X66 20 PFGU CONNECTOR MATE JUMP|-R

ML2 0-2 X66 19 PFCU CONNECTOR MATE JUlviP_-K

ML2 0-2 X66 15 PFCU CONNECTOR MATE JUMP=.-H

ML1 0.35 X55 21 PYRO 1 ACTIVE HOOKASSY NO. 1 +

ML1 0.35 X55 1 PYRO 1 ACTIVE HOOKASSY NO. 1 -

ML1 0.35 X55 5 PYRO 1 ACTIVE HOOKASSY NO. 11 -

ML1 0.35 X55 25 PYRO 1 ACTIVE HOOK ASSY NO. 11 +

ML1 0.35 X55 3 PYRO 1 ACTIVE HOOK ASSY NO. 3 -

ML1 0.35 X55 23 IPYRO 1 ACTIVE HOOKASSY NO. 3 +

ML1 0.35 X55 27 'PYRO 1 ACTIVE HOOKASSY NO. 2 +

ML1 0.35 X55 7 PYRO 1 ACTIVE HOOKASSY NO. 2 -

MLI 0.35 X56 3 PYRO 1 ACTIVE HOOK ASSY NO. 7 -

___J
FORM M 131-H-2 REV 9-87 7-17-98



Table 20-1. Electrical Interface Connections Between
Orbiter and APDA-6001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm=) CONN PIN

ML1 0.35 X56 23 PYRO 1 ACTIVE HOOKASSY NO. 7 +

ML1 0.35 X56 21 PYRO 1 ACTIVE HOOKASSY NO. 5 +

ML1 0.35 X56 1 PYRO 1 ACTIVE HOOKASSY NO. 5 -

ML1 0.35 X56 25 PYRO 1 ACTIVE HOOKASSY NO. 9ML1 0.35 X56 5 PYRO 1 ACTIVE HOOKA,SSYNO. 9 -

ML1 0.35 X55 11 PYRO 1 ACTIVE HOOK ASSY NO. 12 -

ML1 0.35 X.55 31 PYRO 1 ACTIVE HOOK ASSY NO. 12 +

ML1 0.35 X55 29 PYRO 1 ACTIVE HOOK ASSY NO. 10 +

ML1 0.35 X55 9 PYRO 1 ACTIVE HOOK ASSY NO. 10 -

ML1 0.35 X56 11 PYRO I ACTIVE HOOK ASSY NO. 8 -

ML1 0.35 X56 31 PYRO 1 ACTIVE HOOK ASSY NO. 8 +

ML1 0.35 X56 29 PYRO 1 ACTIVE HOOKASSY NO. 6ML1 0.35 X56 9 PYRO 1 ACTIVE HOOKASSY NO. 6 -

ML1 0.35 X56 7 PYRO 1 ACTIVE HOOK ASSY NO. 4 -

ML1 0.35 X56 27 PYRO 1 ACTIVE HOOK ASSY NO. 4ML.2 0.35 X65 I PYRO 2 ACTIVE HOOK ASSY NO. 1ML2 0.35 X65 21 PYRO 2 ACTIVE HOOK ASSY NO. 1 -

ML2 0.35 X65 25 PYRO 2 ACTIVE HOOK ASSY NO. 11 -

ML2 0.35 X65 5 PYRO 2 ACTIVE HOOK ASSY NO. 11 +

ML2 0.35 X65 23 PYRO 2 ACTIVE HOOK ASSY NO. 3 -

ML2 C.35 X65 3 PYRO 2 ACTIVE HOOK ASSY NO. 3 +

ML2 0.35 X65 7 PYRO 2 ACTIVE HOOKASSY NO. 2 +

ML2 0.35 X65 27 PYRO2 ACTIVE HOOKASSY NO. 2 -

ML2 0.35 X66 23 F)YRO2 ACTIVE HOOKASSY NO. 7 -

MI..2 0.35 X66 3 _YRO 2 ACTIVE HOOKASSY NO. 7 +

ML2 0.35 X66 I IPYRO2 ACTIVE HOOKASSY NO. 5ML2 0.35 X66 21 IPYRO2 ACTIVE HOOKASSY NO. 5 -

ML2 0.35 X66 5 IPYRO2 ACTIVE HOOKASSY NO. 9ML2 0.35 X66 25 IPYRO2 ACTIVE HOOKASSY NO. 9 -

FORM M 131-H-2 REV 987 7-17-98



CODE IDENT. NO. 0_'_cF,'_

I uM.ER L=r'rER I PAGE I
I JSC26938 IA B C .... 256 !

I
J Table 20-1. Electrical Interface Connections Between
i Orbiter and APDA-6001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm=) CONN PIN

ML2 0.35 X65 31 PYRO 2 ACTIVE HOOKASSY NO. 12 -

ML2 0.35 X65 11 PYRO 2 ACTIVE HOOKASSY NO. 12 +

ML2 0.35 X65 9 PYRO 2 ACTIVE HOOK ASSY NO. 10 +

ML2 0.35 X65 29 _YRO 2 ACTIVE HOOK ASSY NO. 10.

ML2 0.35 X66 31 PYRO 2 ACTIVE HOOK ASSY NO. 8 -

ML2 0.35 X66 11 PYRO 2 ACTIVE HOOK ASSY NO. 8 +

ML2 0.35 ,X66 9 PYRO 2 ACTIVE HOOKASSY NO. 6 +

ML2 0.35 X66 ' I 29 PYRO 2 ACTIVE HOOKASSY NO. 6-

ML2 0.35 X66 27 PYRO 2 ACTIVE HOOK ASSY NO. 4 -

MI_ 0.35 X66 7 PYRO 2 ACTIVE HOOK ASSY NO. 4 +

ML1 0.35 X55 22 PYRO 1 PASSIVE HOOK ASSY NO. 1ML1 0.35 X55 2 =YRO 1 PASSIVE HOOK ASSY NO. 1 -

ML1 0.35 X55 6 !PYRO1 PASSIVE HOOKASSY NO. 11 -

ML1 035 X55 26 PYRO 1 PASSIVE HOOK ASSY NO. 11ML1 0.35 X55 4 PYRO I PASSIVE HOOK ASSY NO. 3 -

ML1 0.35 X55 24 PYRO 1 PASSIVE HOOKASSY NO. 3 +

ML1 0.35 X55 28 PYRO 1 PASSIVE HOOKASSY NO. 2ML1 0.35 X55 8 PYRO 1 PASSIVE HOOK ASSY NO. 2 -

ML1 0.35 X56 4 PYRO 1 PASSIVE HOOKASSY NO. 7 -

ML1 0.35 X56 24 PYRO 1 PASSIVE HOOKASSY NO. 7 +

ML1 0.35 X56 22 PYRO 1 PASSIVE HOOK ASSY NO. 5 +

ML1 0.35 X56 2 ='YRO1 PASSIVE HOOK ASSY NO. 5 -

ML1 0.35 X56 26 PYRO 1 PASSIVE HOOK ASSY NO. 9 +

ML1 0.35 X56 6 PYRO 1 PASSIVE HOOKASSY NO. 9 -

ML1 0.35 X55 12 PYRO 1 PASSIVE HOOK ASSY NO. 12 -

ML1 0.35 X55 32 PYRO 1 PASSIVE HOOKASSY NO. 12 +

ML1 0.35 X55 30 PYRO1 PASSIVE HOOKASSY NO" 10+

ML1 0.35 X55 10 PYRO 1 PASSIVE HOOK ASSY NO. 10 -

ML1 0.35 X56 12 PYRO 1 PASSIVE HOOK ASSY NO. 8 -

ML1 0.35 X56 32 F_tRO1 PASSIVE HOOKASSY NO. 8ML1 0.35 X56 30 IPYRO1 PASSIVE HOOKASSY NO. 6ML1 0.35 X56 10 PYRO 1 PASSIVE HOOK ASSY NO. 6.

I
FORM M 131-H-2 REV 9-87 7-17-98



CODE IDENT. NO. 03953

PAGE

257

Table 20-1. Electrical Interface Connections Between
Orbiter and APDA-6001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mrn=) CONN PIN

ML1 0.35 X56 8 PYRO 1 PASSIVE HOOKASSY NO. 4 -

ML1 0.35 X56 28 PYRO 1 PASSIVE HOOKASSY NO. 4 +

ML2 0.35 X65 2 PYRO 2 PASSIVE HOOK ASSY NO. 1 +

ML2 0.35 X65 22 F_YRO2 PASSIVE HOOK ASSY NO. 1 -

ML.2 0.35 X65 26 _YRO 2 PASSIVE HOOK ASSY NO. 11 -

ML2 0.35 X65 6 _YRO 2 PASSIVE HOOK ASSY NO. 11ML2 0.35 X65 24 IPYRO2 PASSIVE HOOKASSY NO. 3 -

ML2 0.35 X65 4 !PYRO2 PASSIVE HOOKASSY NO. 3 +

ML2 0.35 X65 8 PYRO 2 PASSIVE HOOKASSY NO. 2ML2 0.35 X65 28 PYRO 2 PASSIVE HOOKASSY NO. 2 -

ML2 0.35 X66 24 PYRO 2 PASSIVE HOOKASSY NO. 7 -

ML2 0.35 X66 4 PYRO 2 PASSIVE HOOKASSY NO. 7 +

ML2 0.35 X66 2 PYRO 2 PASSIVE HOOKASSY NO. 5ML2 0.35 X66 22 PYRO 2 PASSIVE HOOK ASSY NO. 5 -

ML2 "i 0.35 X66 6 PYRO 2 PASSIVE HOOK ASSY NO. 9 +

ML2 0.35 X66 26 PYRO 2 PASSIVE HOOK ASSY NO. 0 -

ML2 0.35 X65 32 PYRO 2 PASSIVE HOOK ASSY NO. 12 -

ML2 0.35 X65 12 PYRO 2 PASSIVE HOOK ASSY NO. 12 +

ML2 0.35 X65 10 PYRO 2 PASSIVE HOOK ASSY NO. 10 +

MI.2 0.35 X65 30 PYRO 2 PASSIVE HOOK ASSY NO. 10 -

ML2 0.35 X66 32 PYRO 2 PASSIVE HOOK ASSY NO. 8 -

ML2 0.35 X66 12 PYRO 2 PASSIVE HOOK ASSY NO. 8 +

ML2 0.35 X66 10 PYRO 2 PASSIVE HOOKASSY NO. 6ML2 0.35 X66 30 PYRO 2 PASSIVE HOOKASSY NO. 6 -

MI.2 0.35 X56 28 PYRO 2 PASSIVE HOOK ASSY NO. 4 -

MI.2 0.35 X66 8 PYRO 2 PASSIVE HOOKASSY NO, 4HOI 0.35 X68 3 DOCK MECH HEATER (H1-1 +)

HO1 0.35 X68 48 DOCK MECH HEAT-P.P,(H1-1 -)

HO2 0.35 X68 1 DOCK MECH HEAT-P,t,c(1"11-2 +HO2 0.35 X68 50 DOCK MECH HEATER (H1-2 -)

1103 0.35 X68 9 DOCK MECH HEAYEH (I-11-3+)

FORM M 131-14-2REV 9-87 7-17-98
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Table 201. Electrical Interface Connections Between

Orbiter and APDA-6001 (continued)

RUSS _

WIRE MECH. I/F FUNCTION

EMC SIZE (turn=) CONN PIN

.-"_-- _ _ _nuo U.3,_ :DOCKMECH HEATER (H2-1 ��HO3 0.35 X68 44 DOCK MECH HEATER (1"12-1-)

H01 0.35 X68 5 DOCK MECH HEATER (1"12-2+)

H01 0.35 X68 46 DOCK MECH HEATER (H2-2 -)

HO2 0.35 X68 17 DOCK MECH HEATER (H2-3 +)

HO2 0.35 X68 34 [_3K MECH HEATER (H2-3 -)

HO3 0.35 X68 13 DOCK MECH HEATER (1t3-1+)

1"103 0.35 X68 38 DOCK MECH HEATER (H3-1 -)

HO2 0.35 X68 11 DOCK MECH HEATER (H3-2 +)
HO2 0.35 X68 _--- DOCKM_(H3-2 -)
HO1 0.35 X68 24 DOCK MECH HEATE_((H3-3 +)

HO1 0.35 X68 26 DOCK MECH HEATER (H3-3 -)

HO1 0.2 X74 16 RING ALIGNED

HO2 0.2 X74 24 RINGALIGNED

X74 25 INFrlAL--'_-----'A_
HO2 0.2

X74 12 -- INmAL _

HOt 0.35 X74 32 CAPTURE (SHORT)
HO2

0.35 X74 47-
HO--'--3----'---'_ _ X74 3s--_

0_'_ X74 -- 13 - CAPTU_

un4 0.35 X75 10

HO1 0.35 4

HO1 0.35

HO1 0.35

HO2 0.35 X75 7

0.35 8

0.35 47

HO2 0.35 X75 48

FORM M 131-H-2 REV 9-87
7-17-98



Table 20.1. Electrical Interface Connections Between
Orbiter and APDA-6001 (continued)

RUSS DOCKING

WIRE MECH. I/1= FUNCTION

EMC SIZE (mm=) CONN PIN

H01 0.2 X75 35 RING FINAL POSITION

HO2 0.35 X75 43 RING FINAL PoSmON

HO3 0.35 X75 22 3ONTROL SENSOR RETURN

HOt 0.2 X75 24 :ONTROL SENSOR RETURN

HO2 0.2 X75 25 ICONTROL SENSOR RETURN

HOt 0.35 X69 34 iRINGINITIAL POSmON

HO2 0.35 X69 25 'RING INITIAL POSITION

HO1 0.35 X69 27 RING FORWARD l_osmON
HO2 0.35 X60 28 RING FORWARD POSmON

HOI 035 X6Q 12 CAPTURE LATCHES OPEN IND

HO2 0.35 X69 11 CAPTURE LATCHES OPEN IND

HO1 0.35 X6Q 4 CAPTURE LATCHES CLOS IND

H02 0.35 X69 8 CAPTURE.LATCHES CLOS IND

HO1 0.2 X69 35 CAPTURE LATCHES IND RTN

HO2 0.2 X89 36 CAPTURE LATCHES IND RTN

HO2 0.35 X72 35 PWR SUP TO CAP LAT MTR (MI) +

HOt 0.35 X72 36 PWR SUP TO CAP LAT MTR (M1)HO1 0.2 X72 2 PWR SUP TO CAP LAT MTR (M1) -

HO1 0.2 X72 4 PWR SUP TO CAP LAT MTR (M1)-

HO2 0.35 X72 11 _RE LATCH NO. 1 CLOS

HO1 0.35 X72 25 CAPTURE LATCH NO. 1 CLOS

HO2 0.35 X72 32 CAPTURE LATCH NO. 1 OPEN

HO1 0.35 X72 27 CAPTURE LATCH NO. 1 OPEN

HO2 0.35 X72 43 PWR SUP TO CAP LAT MTR (M2) +

HO2 0.35 X72 42 PWR SUP TO CAPLAT M'rR (M2) +

HO3 0.2 X72 5 PWR SUP TO CAPLAT MTR (M2) -

HO2 0.2 X72 1 PWR SUP TO CAPLAT MTR (M2) -

HO3 0.35 X'/2 24 CAPTURE LATCH NO, 2 CLOS

HO2 0.35 X72 19 CAPTURE LATCH NO. 2 CLOS

FORM M 131-H-2 REV 9-87 7-17-98
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i I JSC26938 I A B C ...... 260 I I
| Table 20-L Electrical Interface Connections Between

| Orbiter and APDA-6001 (continued)

t_USS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm=) CONN PIN

HO3 0.35 X72 26 CAPTURE LATCH NO. 2 OPEN

HO2 0.35 X72 40 CAPTURE LATCH NO. 2 OPEN

HO3 0.35 X72 48 _ SUP TO CAP LAT MTR (M3) +

HO3 0.35 X72 47 P;,"_ SUP TO CAPLAT MTR (M3) +

HO1 0.2 X72 g PWR SUP TO CAP LAT M'rR (M3) -

HO3 0.2 X72 10 _";,_ SUP TO CAP LAT MTR (M3).

HO1 0.35 X72 18 CAPTURE LATCHNO. 3 CLOS

HO3 0.35 X72 33 CAPTURE LATCH NO. 3 CLOS

HO1 0.35 X72 39 CAPTURE LATCH NO. 3 OPeN

HO3 0.35 X72 34 r"-,J_="ruRELATCH NO. 3 OPEN

HO1 0.35 X76 4 ;PWRSUP TO M6 GROUP 1 HOOKS "

HO1 0.35 X76 8 _";,_ SUP TO M6 GROUP 1 HOOKS "

HO1 0.35 X'76 1 PWR SUP TO M6 GROUP 1 HOOKS "

HO1 0.35 X76 5 PWR SUP TO M6 GROUP 1 HOOKS *"

HO2 0.35 X76 9 -";,_ SUP TO M7 GROUP 1 HOOKS "

HO2 0.35 X76 10 "-;,'_ SUP TO M7 GROUP 1 HOOKS ',*

HO2 0.35 X76 11 F_'VRSUP TO M7 GROUP 1 HOOKS"'

HO2 0.35 X76 12 _ SUP TO M7 GROUP 1 HOOKS --

HO1 0.35 X76 6 GROUP 1 HOOKS CLOSED "

HO2 0.35 X76 20 GROUP 1 HOOKS CLO_P..u"'

HO1 0.35 X76 15 GROUP 1 HOOKS OPEN "

HO2 0.35 X76 22 GROUP 1 HOOKS OPEN "

HO2 0-2 X76 24 GROUP 1 HOOKS CLOSED FcP._URN"

HO1 0,.2 X76 33 P-ROUP1 HOOKS CLOSED RETURN "

HO1 0-2 X76 32 GROUP 1 HOOKS OPEN _P. IURN"

HO2 0-2 X76 30 :GROUP1 HOOKS OPEN Fu:_URN*"

HO1 0.35 XT0 4 RXER 1 (+)

HO1 0.35 XT0 2 FIXER I ( 0I

FORM M 131-H-2 REV 9-87 7-17-98



Table 20-L Electrical Interface Connections Between
Orbiter and APDA.6001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm2) CONN PIN

HO1 0.35 X70 28 FIXER 1 (-)

HO1 0.35 XT0 31 FIXER 1 (-)

HO1 0.35 X70 46 IFIXER 1 (-)

HO1 0.35 XT0 45 FIXER 1 (-)

HO2 0.35 XT0 10 IFIXER 2 (+)

HO2 0.35 XT0 9 IFIXER2 (+)

HO2 0.35 X70 27 IFIXER2 (-)

HO2 0.35 X70 26 ;IXER 2 (-)

HO2 0.35 X70 50 _IXER 2 (-)

HO2 0.35 X70 49 FIXER 2 (-)

HO3 0.35 XT0 8 FIXER 3 ( �HO3 0.35 X70 14 FIXER 3 (+)

HO3 0.35 X'I0 25 _'IXER3 (-)

HO3 0.35 XT0 24 IFIXER 3 (-)

HO3 0.35 X70 44 IFIXER 3 (-)

HO3 0.35 XT0 43 IFIXER 3 (-)

HO 0.35 XT0 13 IFIXER4 (+)

HO 0.35 XT0 20 IFIXER4 ( �HO 0.35 XT0 17 _'IXER4 (-)

HO 0.35 X70 16 FIXER 4 (-)

HO 0.35 XT0 48 FIXER 4 (-)

HO 0.35 X70 47 FIXER 4 (-)

HO 0.35 XT0 19 FIXER 5 ( $HO 0.35 X70 18 FIXER 5 (+)

HO 0.35 XT0 33 FIXER 5 (-)

HO 0.35 XT0 32 FIXER 5 (-)

HO 0.35 XT0 42 FIXER 5 (-)

HO 0.35 X70 41 FIXER 5 (-)

I

FORMM131-H-2REV9.87 7-17-98
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CODE IDENT. NO. 03_05_3
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I
Table 20-1. Electrical Interface Connections Between

Orbiter and APDA-6001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (turn=) CONN PIN

HO2 0.2 X77 14 IHOOKS IN-BETW_N _ j URN

HOt 0.2 x'r/ 6 HOOKS IN-SETWEEN _ i URN

HO2 0.2 X76 36 CONTROL SENSOR _: i URN

HO1 0.2 X76 45 CON-i_OL SENSOR _:TURN

HO2. 0.2 X76 43 CONTROL SENSOR _:_URN

HO2 0.2 X76 49 CONTROL SENSOR RETURN

HO1 0.2 X77 2 ICONTROL SENSOR Fu=-TURN

HO2 0.2 X77 3 CONTROL SENSOR Fit=TURN

HO3 0.2 X77 8 CONTROL SENSOR RE_URN

HO1 0.2 X77 45 READYTO HOOK

HO2 0.2 XT/ 48 READY TO HOOK

HOI 0.35 X77 4g UNDOCK COMPLETE

HO2 0.35 X77 50 UNDOCK COMPLETE

HO2 0.35 XT/ 32 INlJ"I'tFACESEALED

HO3 0.35 X77 39 IN_P,J,(FACESEALED

HOI 0.35 X77 24 !INi P-KFACESEALED

HO1 0.2 X77 18 CONTROL SENSOR H_IURN

HO1 0.2 X77 26 CONTROL SENSOR Ira=I URN

HO2 0.2 X"r/ 34 CONTroL SENSOR e_=TURN

ML 0.35 X71 28 BALLSCITtEWNO. I fIN ADV (COM)

ML 0.35 X71 23 BALLSCI,r,I:WNO. 1 LINADV (SIG)

ML 0.35 X71 40 BALLSC,P.EW NO. 1 LINADV (EXC)

ML 0.35 X71 27 IBALLSCREW NO. 2 LIN ADV (COM)

ML 0.35 X71 24 BALL ,._Ct_J:WNO. 2 LIN ADV (SIG)

ML 0.35 X71 39 BALLSCREW NO. 2 UN ADV (EXC)

ML 0.35 X71 26 BALLSCREW NO. 3 UN ADV (COM)

ML 0.35 X71 25 BALLSC,,,Fu_WNO. 3 UN ADV (SIG)

ML 0.35 X71 48 BALLSt.a,u:WNO. 3 MN ADV (EXC)

ML 0.35 X71 35 BALLSCt,u:W NO. 1 MISALIGN (COM)

ML 0.35 X71 18 BALLSC,F_W NO. 1 MISALIGN (SIG)

FORM M 131-1"1-2REV 9-87 7-17-98
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I Table 20-1. Electrical Interface Connections Between

I Orbiter and APDA-6001 (continued)
RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mrn2) CONN PIN

ML 0.35 X71 50 BALLSCREW NO. 1 MISALIGN (EXC)

ML 0.35 X71 36 BALLSCREW NO. 2 MISALIGN (COM)

ML 0.35 X71 19 BALLSCHL=WNO. 2 MISAUGN (SIG)

ML 0.35 X71 49 BALLS_u=W NO. 2 MISALIGN (EXC)

ML 0.35 X71 34 BALLSC,_EW NO. 3 MISALIGN (COM)

ML 0.35 X71 20 BALLS_W NO. 3 MISALIGN (SIG)

ML 0.35 X71 48 BALL_W NO. 3 MISALIGN (F,.XC)

ML 0.35 X71 13 LATCHES MANUAL REL RTN

ML 0.35 X71 17 LATCHES MANUAL RELEASE

MI_ 0.35 X71 10 IRINGFINAL POSmON

ML,?. 0.35 X71 31 RING FINAL POSiTiON RTN

ML 0.35 X73 44 CAPTURE LATCH OPEN

ML 0.35 X73 10 CAPTURE LATCH OPEN RTN

ML 0.35 X73 43 CAPTURE LATCHES CLOSED

ML 0.35 X73 5 CAPTURE LATCHES CLOS RTN

ML 0.35 X73 7 RING INITIALPOSITION RTN

ML 0.35 X73 47 RING INmAL POSITION

ML2 0.35 X73 11 RING FORWARD POSITION RTN

ML2 0.35 X73 48 RING FORWARD POSITION

ML 0.35 X73 21 LWRBALLSOCKET NO 1 TEMP (COM)

ML 0.35 X73 20 L.WRBALLSOCKET NO 1 TEMP (SIG)

ML 0.35 X73 18 LWRBALLSOCKET NO 1 TEMP (EXC)

ML 0.35 X73 2B LWRBALLSOCKET NO 2 TEMP (COM)

ML 0.35 X73 27 ILWR BALLSOCKET NO 2 TEMP (SIG)

ML 0.35 X73 39 LWR BALLSOCKET NO 2 TEMP (EXC)

ML 0.35 X73 37 LWR BALLSOCKET NO 3 TEMP (COM)

ML 0.35 X73 36 LWR BALLSOCKET NO 3 TEMP (SIG)

ML 0.35 X73 34 LWR BALLSOCKET NO 3 TEMP (EXC)

ML 0.35 X73 17 CAPTURE LATCH NO. 1 TEMP (COM)

ML 0.35 X73 16 CAPTURE LATCH NO. 1 TEMP (SIG)

ML 0.35 X73 14 CAPTURE LATCH NO. 1TEMP (EXC)

FORM M 131-H-2 REV 9-87 7-17-98
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Table 20-1. Electrical Interface Connections Between

Orbiter and APDA-6001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm=) CONN PIN

ML 0.35 X73 25 ICAPTURELATCH NO. 2 TEMP (COM)

ML 0.35 X73 24 CAPTURE LATCH NO. 2 TEMP (SlG)

ML 0.35 X73 22 CAPTURE LATCH NO. 2 TEMP (EXC)

ML 0.35 X73 33 CAPTURE LATCH NO. 3 TEMP (COM)

ML 0.35 X73 33 CAPTURE LATCH NO. 3 TEMP (SIG)

ML 0.35 X73 30 CAPTURE LATCH NO. 3 TEMP (EXC)

ML 0.35 X73 • 29 DOCKING RING DRIVE TEMP (COM)

ML 0.35 X73 40 [X)CKING RING DRIVE TEMP (SIG)

ML 0.35 X73 45 !DOCKINGRING DRIVE TEMP (EXC)

ML 0.35 )(73 6 SHIELD

ML1 0.35 X79 22 UNDOCK COMPLETE

ML1 0.35 X79 23 UNDOCK COMPLETE RTN

MLI 0.35 X79 3 READYTO HOOK

ML1 0.35 X79 9 READYTO HOOK RTN

ML1 0.35 X79 26 _-ROUP1 HOOKS CLOSED POS "

ML1 0.35 X79 16 IGROUP 1 HOOKS CLOS POS RTN "

ML2 0.35 X79 25 GROUP 2 HOOKS OPEN POSITION"

MI.2 0.35 X79 35 GROUP 2 HOOKS OPEN POS RTN "

ML1 0.35 X79 24 GROUP 1 HOOKS OPEN POSITION ='

ML1 0.35 X79 34 GROUP 1 HOOKSOPEN POS RTN "t'

ML2 0.35 X79 17 GROUP 2 HOOKS CLOSED POS "

ML2 0.35 X79 27 GROUP 2 HOOKS CLOS POS RTN "*

ML 0.35 X79 31 GROUP 1 HOOKS lINEAR ADV (EXC) "'

ML 0.35 X79 40 GROUP 1 HOOKS UNEAR ADV (SIG) "

ML 0.35 X79 50 GROUP 1 HOOKS UNEAR ADV (COM)"

ML 0.35 X79 30 GROUP 2 HOOKS LINEAR ADV (EXC) "

ML 0.35 X79 46 GROUP 2 HOOKS LINEAR ADV (SlG) "

ML 0.35 X79 39 GROUP 2 HOOKS UNEAR ADV (COM)"

ML 0.35 XTB 1 DOCKING I/F TEMP NO. 1 (COM)

ML 0.35 X78 DOCKING I/F TEMP NO. 1 (SlG)

I
FORM M 131-t-l-2 REV 9-87 7-17-98
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CODE IDEN'ToNO. 03953

Table 20.1. Elecb_cal Interface Connections Between
Orbiter and APDA-6001 (continued)

RUSS DOCKING

WIRE MECH. !/1: FUNCTION

EMC SIZE (ram2) CONN PIN

ML 0.35 X78 4 DOCKING I/F TEMP NO. 1 (EXC)

ML 0.35 X78 5 DOCKING I/F TEMP NO. 2 (COM)

ML 0.35 X78 ,6 DOCKING UF TEMP NO. 2 (SIG)

ML 0.35 X78 8 DOCKING I/F TEMP NO. 2 (EXC)

ML 0.35 X78 9 DOCKING UFTEMP NO. 3 (COM)

ML 0.35 X78 10 DOCKING I/F TEMP NO. 3 (SIG)

ML 0.35 X78 12 DOCKING !/1:TEMP NO. 3 (EXC)

ML 0.35 X78 30 HOOKSDRIVE TEMP NO. 1 (COM)

ML 0.35 X78 31 PIOOKSDRIVE TEMP NO. 1 (SIG)

ML 0.35 X78 33 HOOKSDRIVE TEMP NO. 1 (EXC)

ML 0.35 X78 37 PIOOKSDRIVE TEMP NO. 2 (COld)

ML 0.35 X78 38 IHOOKS DRIVE TEMP NO. 2 (SIG)

ML 0.35 X78 40 IHOOKS DRIVE TEMP NO. 2 (EXC)

ML 0.35 X78 34 ISHD(ALLAPDS TEMP MEAS)

ML1 0.35 X79 2 ORB HOOKS 1 CLOSED IND

ML1 0.35 X79 5 ORB HOOKS 3 CLOSED IND

ML1 0.35 X79 6 ORB HOOKS 5 CLOSED IND

ML1 0.35 X79 13 ORB HOOKS 7 CLOSED IND

ML1 0.35 X79 7 ORB HOOKS 9 CLOSED IND

ML1 0.35 X79 12 ORB HOOKS 11CLOSED IND

ML1 0.35 X79 1 ORB HKS 1,3,5,7,9,11 CLS IND SOURCE (1)

ML1 0.35 X79 11 ORB HKS 1,3,5.7.9,11 CLS IND SOURCE (2)

ML2 0.35 X79 19 ORB HOOKS 2 CLOSED IND

ML.2 0.35 X79 20 ORB HOOKS4 CLOSED IND

ML2 0.35 X79 21 ORB HOOKS 6 CLOSED IND

ML.2 0.35 X79 47 ORB HOOKS 8 CLOSED IND

ML2 0.35 X79 48 ORB HOOKS 10 CLOSED IND

ML2 0.35 X79 49 ORB HOOKS 12 CLOSED IND

ML2 0.35 X79 18 ORB HKS 2,4,6,8,10,12 CLS IND SOURCE (1)

ML,2 0.35 X79 45 ORB HKS2,4,6,8,10,12 CLS IND SOURCE (2)

HO1 0.35 X75 13 PWR SUP TO SLIP CLUTCH MOTORS (M10)

HO1 0.35 X75 14 PWR SUP TO SLIP CLUTCH MOTORS (M10)

HO1 0.35 X75 18 PWR SUP TO SLIP CLUTCH MOTORS (M10)

FORM M 131-H-2 REV 9-87 7-17-98



•. Table 20-1. Electrical Interface Connections Between
Orbiter and APDA-6001 (concluded)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (ram=) CONN PIN

HO1 0.35 X75 19 IPWRSUP TO SUP CLUTCH MOTORS (M10)

HO2 0.35 X75 32 PWR SUP TO SUP CLUTCH MOTORS (Mll)

HO2 0.35 X7.5 33 PWR SUP TO SUP CUJTCH MOTORS (Mll)

HO2 0.35 X75 28 PWR SUP TO SUP CLUTCH MOTORS (Mll)

HO2 0.35 X75 29 PWR SUP TO SUP CLUTCH MOTORS (Mll)

HO 0.35 X69 3 SUP cLLrrcH INITIAL POSiTiON (1)

HO 0.35 X60 14 SUP CLUTCH INITIALPOSITION (1)

HO 0.35 XW 15 _SLIPCLUTCH INITIAL POSITION (2)

HO 0.35 X69 20 SUP CLUTCH INITIAL POSmON (2)
HO 0.35 X69 30 SUP CLUTCH RNAL POSITION (1)

HO 0.35 X69 31 SUP CLUTCH RNAL POSITION (1)

HO 0.35 X69 32 SUP CLUTCH RNAL POSITION (2)

HO 0.35 X69 33 SUP CLUTCH FINAL POSITION (2)

HO 0.35 X73 3 SLIPCLUTCH INITIALPOSITION TM

HO 0.35 X73 8 iSLJPCLUTCH INITIAL POsmON TIM

HO 0.35 X73 12 SUP CLUTCH FINAL POSITION TM

HO 0.35 X73 13 SLIP CLUTCH FINAL POSITION TM

HO1 0.2 X67 11 LO-ENERGY DAMPEH NO. 1 (4-)

HO1 0.2 Xb'7 12 LO-ENERGY DAMPEF(NO. 1 (+)

HO1 0-2 X67 25 LO-ENERGY DAIviPEHNO. 1 (-)

HO1 0-2 X67 24 LCHENERGYDAMP_-I_NO. 1 (-)

HO2 0-2 X67 18 LO-ENERGY DAklP',-MNO. 2 (+)

HO2 0-2 X67 19 LO-ENERGY DAIViP,.-KNO. 2 (+)

HO2 0-2 Xb'7 32 LO-,_JF._,GyDAkiF'EK NO. 2 (-)

HO2 0.2 X67 33 LO-ENERGY DAkiF,c:KNO. 2 (-)

HO3 0.2 X67 27 LO-E,%'F.RGYDAkiPEP(NO. 3 ( (HO3 0.2 X67 26 LO-ENERGY DAIviF,[.-HNO. 3 (+)

HO3 0-2 X67 37 LO-_J_,_,GY DAMPER NO. 3 (-)

HO3 0-2 X67 38 LC-,%%'_.RGYDAkiP,-K NO. 3 (-)

GROUP 1 HOOKS CONSIST OF HOOKS 1, 3, 5, 7, 9, & 11.
GROUP 2 HOOKS CONSIST OF HOOKS 2, 4, 6, 8, 10, & 12.

GROUP 1 & 2 HOOKS ACTUATOR ASSEMBLIES ATTACHED WITH
HOOKS 7 & 6, RESPECTIVELY.

FORM M 131-1t-2REV 9-87 7-17-98
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CODEIDENT.NO.03953

Table 20-J. Electrical Interface Connections Between
PMA-1 and APDA-7001

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (ram=) CONN PIN

HO1 0.35 X68 3 DOCK MECH HEATER (H1-1 +)

HO1 0.35 X68 48 DOCK MECH HEATER (H1-1 -)

HO2 0.35 X68 1 DOCKMECH HEATER (H1-2 +)

HO2 0.35 X68 50 DOCKMECH HEATER (H1-2 -)

HO3 0.35 X68 9 DOCKMECH HEATER (H1-3 +)

HO3 0.35 X68 41 DOCKMECH HEATER (H1-3 -)

HO3 0.35 X68 7 IDOCKMECH HEATER (H2-1 +)

HO3 0.35 X68 44 IDOCKMECH HEATER (H2-1 -)

HO1 0.35 X68 5 IDOCKMECH HEATER (H2-2 +)

HO1 0.35 X68 48 [DOCKMECH HEATER (H2-2 -)

HO2 0.35 X68 17 IDOCKMECH HEATER (H2-3 +)

HO2 0.35 X68 34 [DOCKMECH HEATER (H2-3 -)

HO3 0.35 X68 13 !DOCKMECH HEATER (H3-1 +)

HO3 0.35 X68 35 DOCK MECH HEATER (H3-1 -)

HO2 0.35 X68 11 DOCK MECH HEATER (H3-2 +)

HO2 0.35 X68 40 DOCK MECH HEATER (H3-2 -)

HO1 0.35 X68 24 DOCK MECH HEATER (I-13-3+)

HO1 0.35 X68 26 DOCK MECH HEATER (H3-3 -)

HO1 0.35 X74 16 RING ALIGNED

HO2 0.35 X74 24 ;RINGALIGNED

HOI 0.35 X74 26 IINITIALCONTACT

HO2 0.35 X74 12 ilNITIALCONTACT

HO1 0.35 X74 32 !CAPTURE(SHORT)

HO2 0.35 X74 47 ICAPTURE (SHORT)

HO1 0.35 X74 36 DAPTURE(LONG)

HO2 0.35 X74 13 ICAPTURE(LONG)

HO1 0.35 X75 10 _ SUP TO RING MTR (M4)

HO1 0.35 X75 4 PWRSUP TO RING MTR (M4)

HO1 0.35 X75 41 _ SUP TO RING MTR (M4)

HO1 0.35 X75 50 PWRSUP TO RING MTR (M4)

HO2 035 X75 7 PWRSUP TO RING MTR (MS)

FORMM 131-H-2REV9-87 7-17-98
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Table 20-J. Electrical Interface Connections Between

PMA-1 and APDA-7001 (continued)

RUSS DOCKING

WIRE MECH, I/F FUNCTION
EMC SIZE (mn_) CONN PIN

HO2 n ._ X75 8 PWR SUP TO RING MTR (M5)

HO2 O__L=; X75 47 PWR SUP TO RING MTR (M5)

HO2 0,35 X75 48 PWR SUP TO RING MTR (M5)

HO1 0,35 X75 35 RING FINAL POSITION

HO2 0,35 X75 43 RING FINAL POSITION

HO3 n35 X75 22 CONTROL SENSOR F_J=_URN

HO1 n ._ X75 24 CONTROL SENSOR HJ:!URN

HO2 0.35 X75 25 RING FINAL POS 1 RTN

HO1 n _ X69 34 RING INITIAL POSITION

HO2 0.35 X69 26 RING INITIAL POSITION

HO1 0.35 X69 27 RING FORWARD POSITION

HO2 0,35 X69 28 IRINGFORWARD POSITION

HO1 n _ X69 12 CAPTURE LATCHES OPEN IND

HO2 0.35 X69 11 CAPTURE LATCHES OPEN IND

HO1 0.35 X69 4 CAPTURE LATCHES CLOS IND

HO2 0.35 X69 8 CAPTURE LATCHES CLOS IND

HO2 0.35 X72 35 =PWRSUP TO CAP LAT MTR (M1) +

HO1 0,35 X72 35 PWR SUP TO CAP LAT MTR (M1) +

HO1 0.35 X72 2 PWR SUP TO CAP LAT MTR (M1).

HO1 0.35 X72 4 PWR SUP TO CAP LAT MTR (M1).

HO2 0.35 X72 11 CAPTURE LATCH NO. 1 CLOS

HO1 0,35 X72 25 CAPTURE LATCH NO. 1 CLOS

HO2 0.35 X72 32 CAPTURELATCH NO. 1 OPEN

HO1 0.35 X72 27 ICAPTURELATCH NO. 1 OPEN

HO2 0.35 X72 43 PWR SUP TO CAP LAT MTR (M2)HO2 n _ X72 42 F';,_ SUP TO CAP LAT MTR (M2) +

HO3 0.35 X72 5 PWR SUP TO CAP LAT MTR (M2) -

HO2 0.35 X72 1 PWR SUP TO CAP LAT MTR (M2) -
HO3 0.35 --- NO, 2 CLOS

FORMM 131-1"1-2REV9-87 7-17-98



CODEIDENT.NO.03953

Table 20-.I. Electrical Interface Connections Between

PMA-1 and APDA-7001 (continued)
RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm=) CONN PIN

HO2 0.35 X72 19 CAPTURE LATCH NO. 2 CLOS

HO3 0.35 X72 26 CAPTURE LATCH NO. 2 OPEN

HO2 0.35 X72 40 CAPTURE LATCH NO. 2 OPEN

HO3 0.35 X72 48 PWR SUP TO CAP LAT MTR (M3)HO3 0.35 X72 47 PWR SUP TO CAP LAT MTR (M3) +

HO1 0.35 X72 9 PWR SUP TO CAP LAT MTR (M3) -

HO3 0.35 X72 10 PWR SUP TO CAP LAT MTR (M3) -

HO1 0.35 X72 18 _APTURE LATCH NO. 3 CLOS

HO3 0.35 X72 33 _AP'rURE LATCH NO. 3 CLOS

HO1 0.35 X72 39 CAPTURE LATCH NO. 3 OPEN

HO3 0.35 X72 34 __.APTURELATCH NO. 3 OPEN

HO1 0.35 X76 4 IPWR SUP TO M6 GROUP 1 HOOKS "*

HO1 0.35 X76 8 IPWRSUP TO M6 GROUP 1 HOOKS "*

HO1 0.35 X76 1 PWR SUP TO M6 GROUP 1 HOOKS "*

HOI 0.35 X76 5 PWR SUP TO M6 GROUP 1 HOOKS "

HO2 0.35 X76 9 PWR SUP TO M7 GROUP 1 HOOKS "

HO2 0.35 X76 10 PWR SUP TO M7 GROUP 1 HOOKS "'

HO2 0.35 X76 11 PWR SUP TO M7 GROUP 1 HOOKS "

HO2 0.35 X76 12 PWR SUP TO M7 GROUP 1 HOOKS "

HO1 0.35 X76 6 GROUP 1 HOOKSCLOSED *"

HO2 0.35 X76 20 GROUP 1 HOOKS CLOSED "

HO1 0.35 X76 15 GROUP 1 HOOKS OPEN *"

HO2 0.35 )(76 22 GROUP 1 HOOKS OPEN "

HO1 0.35 XT0 4 FIXER 1 (+)

HO1 0.35 X70 2 FIXER 1 (+)

HOI 0.35 XT0 28 FIXER 1 (-)

HO1 0.35 X70 31 FIXER 1 (-)

HO1 0.35 X70 46 FIXER 1 (-)

HO1 0.35 XT0 45 FIXER 1 (-)
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Table20-J. Electrical Interface Connections Between
PMA-1and APDA-7001(continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mm=) ' CONN PiN

HO2 0.35 X70 10 FIXER 2 (+)

H02 0.35 XTO 9 FIXER 2 (+)

HO2 0.35 XT0 27 FIXER 2 (-)

HO2 0.35 XT0 26 FiXE_:2 (-)

HO2 0.35 XT0 50 FIXER 2 (-)

HO2 0_35 XT0 49 FIXER 2 (-)

HO3 0.35 X70 8 FIXER 3 (+)

HO3 0.35 X70 14 FIXER 3 (+)

HO3 0.35 X70 25 FIXER 3 (-)

HO3 0.35 X70 24 !FIXER3 (-)

HO3 0.35 X70 44 FIXER 3 (-)

HO3 q 35 X70 43 FIXER 3 (-)

HO 0.35 X70 13 FIXER 4 (+)

HO 0.35 XT0 20 FIXER 4 (+)

HO 0.35 XT0 17 FIXER 4 (-)

HO 0.35 X'/0 16 FIXER 4 (-)

HO 0.35 X70 48 FIXER 4 (-)

HO 0.35 X70 47 IFIXER4 (-)

HO 0.35 XT0 19 FIXER 5 (+)

HO n ___ X70 18 FIXER 5 (+)

HO 0.35 X70 33 FIXER 5 (-)

HO 0.35 X70 32 FIXER 5 (-)

HO 0.35 X70 42 FIXER 5 (-)

HO 0.35 X70 41 FIXER 5 (-)

HO1 0.35 X67 4 HI-ENERGY DAMPEN NO. 1 (+)

HO1 n _R X67 3 HI-ENERGY DAMI.'=H NO. 1 (+)

HO1 0.35 X67 39 H',-ENERGYDAMPER NO. 1 (-)

HO1 0.35 X67 40 H'E_'ERGY DAMPER NO. 1 (.)

HO2 0.35 X67 17 HI-ENERGY DAMPEI_,NO. 2 (+)

HO2 0.35 X67 16 HI'EN-_RGY DAMPEN NO. 2 (+)

HO2 0.35 )(67 50 HI-ENERGYDAMPER NO. 2 (-)
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Table 20-.I. Electrical Interface Connections Between
PMA-1 and APDA-7001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mn_) CONN PIN

HO2 0.35 X67 49 HI-ENERGY DAMPER NO. 2 (-)

HO3 0.35 X67 6 HI-ENERGY DAMPER NO. 3 (+)

HO3 0.35 X67 5 HI-ENERGY DAMPER NO. 3 (+)

HO3 0.35 X67 35 HI-ENERGY DAMPER NO. 3 (-)

HO3 0.35 )(67 34 HI-ENERGY DAMPER NO. 3 (-)

HO2 0.35 X76 41 PWR SUP TO M9 GROUP 2 HOOKS "

HO2 0.35 X76 42 PWR SUP TO M9 GROUP 2 HOOKS "*

HO2 0.35 X76 39 PWR SUP TO M9 GROUP 2 HOOKS "*

HO2 0.35 X76 40 PWR SUP TO M9 GROUP 2 HOOKS "

HO1 0.35 X76 47 PWR SUP TO M8 GROUP 2 HOOKS "

HO1 0.35 )(76 48 PWR SUP TO M8 GROUP 2 HOOKS "*

HO1 0.35 X76 50 PWR SUP TO M8 GROUP 2 HOOKS"

HO1 0.35 X76 46 PWR SUP TO M8 GROUP 2 HOOKS **

HO1 0.35 X76 19 GROUP 2 HOOKSCLOSED "

HO2 0.35 X76 28 GROUP 2 HOOKSCLOSED"

HO1 0.35 X76 15 GROUP 2 HOOKSOPEN "

HO2 0.35 X76 27 SROUP 2 HOOKS OPEN "

HO1 0.35 X77 1 GROUP 1 HOOKS IN-BE'rWEEN "*

HO2 0.35 X77 5 GROUP 1 HOOKS IN-B_EN **

HO1 0.35 X77 38 GROUP 2 HOOKSIN.BETWEEN "

H02 0.35 X77 37 GROUP 2 HOOKSIN-BETWEEN "*

HO2 0.35 X76 36 CONTROL SENSOR RETURN

HO2 0.35 X76 43 CONTROL SENSOR RETURN

HO1 0.35 X77 6 CONTROL SENSOR RETURN

HO1 0.35 X77 45 READYTO HOOK

HO2 0.35 X77 48 READYTO HOOK

HO1 0.35 X77 49 LJNDOCKCOMpI *-I P..

HO2 0.35 X77 50 UNDOCK COMPLJ=I I=

HO2 0.35 X77 32 INz_P(FACESEALED

HO3 0.35 X77 39 IINI t-PcFACESEALED

FORMM 131-H-2REV9-87 7-17-98



CODEIDENT.NO._n395_3
PAGE

273

I
Table 20..I. Electrical Interface Connections Between

PMA-1 and APDA-7001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (ram=) CONN PIN

HO1 0_2 X77 24 IN_ENFACE SEALED

HO1 0.35 X77 14 CONTROL SENSOR _2: i URN

ML 0.35 X71 28 BALLSC_::W NO. 1 LIN ADV (COM)

ML 0.35 X71 23 IBALLSCREW NO. 1 LIN ADV (SIG)

ML 0.35 X71 40 BALLSCREW' NO. 1 LIN ADV (EXC)

ML 0.35 X71 24 BALLSCREWVNO. 2 UN ADV (SIG)

ML 0.35 X71 39 BALLSCREW NO. 2 LIN ADV (EXC)

ML 0.35 X71 25 BALLSCREW NO. 3 LIN ADV (SIG)

ML 0.35 X71 45 BALLSC_u_WNO. 3 UN ADV (EXC)

ML 0.35 X71 18 BALLSCOW NO. 1 MISALIGN (SIG)

ML 0.35 X71 50 BALLSCREW NO. 1 MISALIGN (EXC)

ML 0.35 X71 19 BALLSCREW NO. 2 MISALIGN (SIG)

ML 0.35 X71 49 IBALLSCREW NO. 2 MISALIGN(EXC)

ML 0.35 X71 34 BALL SCREW NO. 3 MISALIGN (COM)

ML 0.35 X71 20 BALLSCREW NO. 3 MISALIGN (SIG)

ML 0.35 )(7t 45 BALLSCP.EWNO. 3 MISALIGN (EXC)
ML 0.35 X71 13 LATCHES MANUALREL RTN

ML 0.35 X71 17 LATCHES MANUALRELEASE

ML2 0.35 X71 10 RING FINAL POSITION

ML 0.35 X73 44 CAPTURE LATCH OPEN

ML 0.35 X73 43 CAPTURE LATCHES CLOSED

ML 0.35 X73 47 RING INITIAL POSITION

ML2 0.35 X73 48 RING FORWARD POSITION

ML 0.35 X73 21 LWR BALLSOCKET NO 1TEMP (COM)

ML 0.35 X73 18 LWR BALLSOCKET NO 1 TEMP (EXC)

ML 0.35 X73 28 LWR BALLSOCKLCTNO 2 TEMP (COM)

ML 0.35 X73 30 LWR BALLSOCKET NO 2 TEMP (EXC)

ML 0.35 X73 37 LWR BALLSOCKET NO 3 TEMP (COM)

ML 0.35 X73 34 LWR BALLSOCKET NO 3 TEMP (EXC)

ML 0.35 )(73 17 CAPTURE LATCH NO. 1TEMP (COM)

ML 0.35 X73 14 CAPTURE LATCH NO. 1TEMP (EXC)

I
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Table 20-,I. Electrical Interface Connections Between

PMA-1 and APDA-7001 (continued)

RUSS DOCKING

WIRE MECH. IF: FUNCTION

EMC SIZE (ramz) CONN PIN

ML 0.35 X73 25 CAPTURE LATCH NO. 2 TEMP (COM)

ML 0.35 X73 22 CAPTURE LATCH NO. 2 TEMP (EXC)

ML 0.35 X73 33 CAPTURE LATCH NO. 3 TEMP (COM)

ML 0.35 X73 30 CAPTURE LATCH NO. 3 TEMP (EXC)
ML 0.35 X73 6 SHIELD

ML 0.35 X73 29 DOCKING RING DRIVE TEMP (COM)

ML 0.35 X73 45 DOCKING RING DRIVE TEMP (EXC)

ML2 0.35 X73 10 iCONTROLSENSOR RETURN

ML1 0.35 X79 23 iUNDOCKCOMPI ,-, =--

ML1 0.35 X79 3 READY TO HOOK

ML1 0.35 X79 9 CONTROL SENSOR RETURN

ML1 0.35 X79 26 GROUP 1 HOOKS CLOSED POS "

ML2 0.35 XTg 25 GROUP 2 HOOKS OPEN POSITION "

ML1 0.35 X79 24 GROUP 1 HOOKS OPEN POSITION "

ML2 0.35 X79 17 GROUP 2 HOOKS CLOSED POS "*

ML 0.35 X79 31 GROUP 1 HOOKS LINEAR ADV (EXC) "

ML 0.35 X79 40 GROUP 1 HOOKS LINEAR ADV (SIG) "

ML 0.35 X79 50 GROUP 1 HOOKS UNEAR ADV (COM) *"

ML 0.35 X79 30 GROUP 2 HOOKS UNEAR ADV (EXC) "

ML 0.35 X79 46 GROUP 2 HOOKS UNEAR ADV (SIG) "'

ML 0.35 )(79 39 GROUP 2 HOOKS UNEAR ADV (COM) "*

ML 0.35 X78 1 DOCKING I/F TEMP NO. 1 (COM)

ML 0.35 X7B 4 DOCKING I/F TEMP NO. 1 (EXC)

ML 0.35 X78 5 DOCKING I/F TEMP NO. 2 (COM)

ML 0.35 X78 8 DOCKING I/F TEMP NO. 2 (EXC)

ML 0.35 X78 9 DOCKING I/F TEMP NO. 3 (COM)

ML 0.35 X'78 12 DOCKING I/F TEMP NO. 3 (EXC)

ML 0.35 X78 30 HOOKSDRIVE TEMP NO. 1 (COM)

ML 0.35 X78 33 HOOKSDRIVE TEMP NO. 1 (EXC)

ML 0.35 X78 37 HOOKS DRIVE TEMP NO. 2 (COM)
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Table 20-,/. Electrical Interface Connections Between
PMA-1 and APDA-7001 (concluded)

H.U_SS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (tarrY) CONN PIN

ML 0.35 X78 40 HOOKS DRIVE TEMP NO. 2 (EXC)

ML 0.35 X78 34 SHD (ALL APDS TEMP MEAS)

ML1 n_5 X79 2 PMA-1 HOOKS 1 CLO_EU IND

ML1 _n35 X79 5 PMA-1 HOOKS 3 CLOSED IND

ML1 0.35 X79 6 PMA-1 HOOKS 5 CLOSED IND

ML1 0.35 X79 7 PMA-1 HOOKS 9 CLOSED IND

ML1 0.35 X79 12 PMA-1 HOOKS 11 CLOSEu IND

ML1 0.35- X79 1 PMA-1HOOKS 1,3,5,9,11 CLOS IND SOURCE (1)

ML1 0.35 X79 11 PMA-1HOOKS 1.3,5,9,11 CLOS IND SOURCE (2)
ML2 0.35 X79 19 =PMA-1HOOKS 2 CLO_EL) IND

ML2 n _5 X79 20 PMA-1 HOOKS 4 CLOSED IND

ML2 0.35 X79 47 PMA-.1HOOKS 8 CLOSED IND

ML2 0.35 X79 48 PMA-1 HOOKS 10 CLOSED IND

ML2 0.35 X79 49 PMA-1 HOOKS 12 CLOSED IND

ML2 0.35 X79 18 PMA-1HOOKS 2,4,8,10,12 CLOS IND SOURCE (1)

ML2 0.35 X79 45 PMA-1HOOKS 2,4,8,10,12 CLOS IND SOURCE (2)

"* NOTE: GROUP 1 HOOKS CONSIST OF HOOKS 1, 3, 5, 7, 9, & 11.
GROUP 2 HOOKS CONSIST OF HOOKS 2, 4, 6, 8, 10, & 12.

GROUP 1 & 2 HOOKS ACTUATOR ASSEMBLIES ATTACHED
WITH HOOKS 7 & 6, RESPECTIVELY.

I
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Table 20-1C Electrical Interface Connections Between
PMA-2/3 and APDA-8001

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (ram2) CONN PIN

HO1 0_35 XF73-2 32 GAPTURESENSOR 1-1 (SHORT - SIG)

HO1 0.35 XF_-2 43 ICAPTURESENSOR 1-1 (SHORT - RTN)

HO1 0.35 XF_3-2 22 CAPTURE SENSOR 2-1 (SHORT - SIG)

HO1 0.35 XF73-2 42 CAPTURE SENSOR 2-1 (SHORT - RTN)

HO1 0.35 XF73-2 8 CAPTURE SENSOR 3-1 (SHORT - SIG)

HO1 0.35 XFT_2 27 CAPTURE SENSOR 3-1 (SHORT - RTN)

HO2 0.35 XF74-2 47 CAPTURE SENSOR 1-2 (SHORT - SIG)

HO2 0.35 XF74-2 21 CAPTURE SENSOR 1-2 (SHORT - RTN)

HO2 0.35 XF74-2 41 CAPTURE SENSOR 2-2 (SHORT - SIG)

HO2 0.35 XF74-2 30 CAPTURE SENSOR 2-2 (SHORT - RTN)

HO2 0.35 XF74-2 26 CAPTURE SENSOR 3-2 (SHORT - SlG)

HO2 0.35 XF74-2 14 CAPTURE SENSOR 3-2 (SHORT - RTN)

H01 0.35 XF73-2 36 CAPTURE SENSOR 1 (LONG - SIG)

HO1 0.35 XF73-2 35 CAPTURESENSOR 1 (LONG - RTN)

HO2 0.35 XF74-2 13 CAPTURESENSOR 2 (LONG - SIG)

HO2 0.35 XF74-2 48 _JO:rI1JRESENSOR 2 (LONG - RTN)

HO1 0.35 X76-2 4 IPWR SUP TO M6 GROUP 1 HOOKS "*

HO1 0.35 X76-2 8 !PWR SUP TO M6 GROUP 1 HOOKS "*

HO1 0.35 X76-2 1 !PWR SUP TO M6 GROUP 1 HOOKS "

HO1 0.35 X76-2 5 PWR SUP TO M6 GROUP 1 HOOKS **

HO2 0.35 X76-2 9 PWR SUP TO M7 GROUP 1 HOOKS "

HO2 0_5 X76-2 10 PWR SUP TO M7 GROUP 1 HOOKS**

HO2 0.35 X76-2 11 PWR SUP TO M7 GROUP 1 HOOKS **

HO2 0.35 X76-2 12 PWR SUP TO M7 GROUP 1 HOOKS "

HO1 0.35 X76-2 6 PASS MECH M6 GRP 1 HKS CLOS IND/INHIBIT "*

HO2 0.35 X76-2 20 PASS MECH M7 GRP 1 HKS CLOS IND/INHIBIT "

HO1 0.35 X76-2 15 PASS MECH M6 GRP 1 HKS OPEN IND/INHIBIT "*

HO2 0.35 X76-2 22 PASS MECH M7 GRP 1 HKS OPEN IND/INHIBIT "*

HO2 0.35 X76-2 24 PASS MECH M6 GRP 1 HKS CLOS IND SOURCE "*

HO1 0.35 X76-2 33 PASS MECH M7 GRP 1 HKS CLOS IND SOURCE "
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I Table 20.tC Eleclrical Interface Connections Between
I PMA-2/3 andAPDA.8001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mn_) CONN PIN

HOI 0.35 X76-2 32 PASS MECH M6 GRP 1 HKS OPEN IND SOURCE "

HO2 0.35 X76-2 30 PASS MECH M7 GRP 1 HKS OPEN IND SOURCE *"

HO1 0.35 X78-2 4 _VR SUP TO M8 GROUP 2 HOOKS "

HO1 0.35 X78-2 8 PWR SUP TO M8 GROUP 2 HOOKS *"

HO1 0.35 X78-2 1 PWR SUP TO M8 GROUP 2 HOOKS "

HO1 0.35 X78-2 5 PWR SUP TO M8 GROUP 2 HOOKS "

HO2 0.35 X78-2 9 PWR SUP TO Mg GROUP 2 HOOKS "

HO2 0.35 X78-2 10 PWR SUP TO big GROUP 2 HOOKS"

HO2 0_5 X78-2 11 PWR SUP TO M9 GROUP 2 HOOKS *"

HO2 0.35 X78-2 12 PWR SUP TO Mg GROUP 2 HOOKS "*

HO1 0.35 X78-2 6 PASS MECH M8 GRP 2 HKS CLOS IND/INHIBIT "*

HO2 0.35 X78-2 20 PASS MECH M9 GRP 2 HKS CLOS IND/INHIBIT **

HO1 0.35 X78-2 15 PASS MECH M8 GRP 2 HKS OPEN IND/INHIBIT"

HO2 0.35 X78-2 22 PASS MECH M9 GRP 2 HKS OPEN IND/INHIBIT "*

HO1 0.35 X78-2 24 PASS MECH M8 GRP 2 HKS CLOS IND SOURCE "*

HO2 0.35 X78-2 33 PASS MECH M9 GRP 2 HKS CLOS IND SOURCE "

HO1 0.35 X78-2 32 PASS MECH M8 GRP 2 HKS OPEN IND SOURCE "*

HO2 0.35 X78-2 30 PASS MECH M9 GRP 2 HKS OPEN IND SOURCE **

HO1 0.35 X77-2 15 UNDOCK COMPLETE 1-1 (SIG)

HO1 0.35 X77-2 30 LINDOCKCOMPL_ I k 1-1 (RTN)

HO1 0.35 X77-2 21 UNDOCK COMPL_ t_=2-1 (SIG)

HO1 0.35 X77-2 49 UNDOCK COMPIJ: t_ 2-1 (RTN)

HO2 0.35 X77-2 16 UNDOCK COMPL_, = 1-2 (SIG)

HO2 0.35 X77-2 31 UNDOCK COMPLJ=!P_1-2 (RTN)

HO2 0.35 X77-2 22 UNDOCK COMPLETE 2-2 (SIG)

HO2 0.35 X77-2 50 UNDOCK COMPLETE 2-2 (RTN)

HO1 0.35 X77-2 18 INt=h',FACESEALED SENSOR 1-1 (SIG)

HO1 0.35 X77-2 24 INIt-P(FACESEALED SENSOR 1-1 (RTN)

I
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Table 20-tC Electrical Interface Connections Between
PMA-2/3 and APDA-8001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm=) CONN PIN

HO1 0.35 X'/7-2 26 INTP_RFACESEALED SENSOR 2-1 (SIG)

HO1 0.35 X77-2 32 INi _RFACE SEALED SENSOR 2-1 (RTN)

HO1 0.35 X77-2 34 INII=RFACE SEALED SENSOR 3-1 (SIG)

HOI 0.35 X77-2 39 IN_J-ACE SEALED SENSOR 3-1 (RTN)

HO2 0.35 X77-2 19 IN,ERPACE SEALED SENSOR 1-2 (SIG)

HO2 0.35 X77-2 25 INTERFACE SEALED SENSOR 1-2 (RTN)

HO2 0.35 X77-2 27 INI _-P¢FACESEALED SENSOR 2-2 (SIG)

HO2 0.35 X77-2 33 IN/*-hr_FACESEALED SENSOR 2-2 (RTN)

HO2 0.35 X77-2 35 INi _J=ACE SEALED SENSOR 3-2 (SIG)

HO2 0.35 X77-2 40 IN_P-J_FACESEALED SENSOR 3-2 (RTN)

ML 0.35 XF74-2 1 DOCKINGI/F TEMP NO. 4 (COM)

ML 0.35 XF74-2 3 DOCKINGI/F TEMP NO. 4 (EXC)

ML 0.35 XF74-2 5 DOCKINGI/F TEMP NO. 5 (COM)

ML 0.35 XF74-2 7 DOCKINGI/F TEMP NO. 5 (EXC)

ML 0.35 XF74-2 11 SUIDE RING TEMP NO. 6 (COM)

ML 0.35 XF74-2 16 3UIDE RING TEMP NO. 6 (EXC)

ML 0.35 XF74-2 37 PMA2/3 HATCH TEMP NO. 7 (COM)

ML 0.35 XF74-2 39 PMA2/3 HATCH TEMP NO. 7 (EXC)

ML 0.35 XF74-2 50 TEMPSENSORS 4-7 SHD

ML1 0.35 X77-2 5 PASSMECH HKS 1,3,5 CLOSED IND

ML1 0.35 X77-2 1 PASSMECH HKS 1,3,5 CLOSED IND SOURCE

ML1 0.35 X77-2 11 PASSMECH HKS 7,9,11 CLOSED IND

ML1 0.35 X77-2 7 PASSMECH HKS 7,9,11 CLOSED IND SOURCE

ML2 0.35 X77-2 6 PASSMECH HKS 2,4,6 CLOSED IND

ML2 0.35 X77-2 2 PASSMECH HKS2,4,6 CLOSED IND SOURCE

ML2 0.35 X77-2 12 PASSMECH HKS 8,10,12 CLOSED IND

ML2 0,35 XT/-2 8 PASSMECH HKS 8,10,12 CLOSED IND SOURCE

ML 0.35 X84-2 28 HATCHSENSOR 1

ML 0.35 X84-2 29 HATCHSENSOR 2

i
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Table 20-1C Electrical Interface Connections Between
PMA-2/3 and APDA-8001 (continued)

RUSS DOCKING L
WIRE MECH. I/F FUNCTION

EMC SIZE (ram=) CONN PIN

ML 0.35 X84-2 30 HATCH SENSOR 3

ML 0.35 X84-2 1 HATCH SENSOR 1 RTN

ML 0.35 X84-2 2 HATCH SENSOR 2 RTN

ML 0.35 X84-2 3 HATCH SENSOR 3 RTN

"NOTE: GROUP 1 HOOKS CONSIST OF HOOKS 1, 3, 5, 7, g, & 11.

GROUP 2 HOOKS CONSIST OF HOOKS2, 4, 6, 8, 10, & 12.

GROUP 1 & 2 HOOKS ACTUATOR ASSEMBLIES A3"FACHEDWITH HOOKS 7 & 6,RESPECTIVELY.

GROUP HOOKS OPEN/CLOS IND/INHIBITISOURCE USED FOR AUTO CONTROLS VIA U.S.AFT FLIGHT DECK PANEL

RUSS WIRE SIZE 0.2" = 75-OHM, 0.2MM=WIRE

X84 IS CAPPED AND UNUSED

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (ram=) CONN PIN

RF1 0.2" X55-2 1 1553 BUS - 2B HI-1 (STAT TO SWl)

RF1 0.2" X55-2 2 1553 BUS - 2B LO-1 (STAT TO SW1)

RF1 0.35 X55-2 3 1553 BUS - 2B SHD-1 (STAT TO SWl)

RF1 0.2" X55-2 5 1553 BUS - 2B HI-1 (SWl TO STAT)

RF1 0.2* X55-2 6 1553BUS - 2B LO-1 (SW1 TO STAT)

RF1 0.35 X55-2 7 1553 BUS - 2B SHD-1 (SWl TO STAT)

RF1 0.2° X55-2 15 1553 BUS- 2B HI-1 (SWl TO ORB)

RF1 0.2" X55-2 16 1553 BUS - 2B LO-1 (SWl TO ORB)

RF1 n.q_ X55-2 17 1553 BUS- 2B SHD-1 (SW1 TO ORB)

RF1 0.2" X55-2 11 1553 BUS - 2B HI-2 (STAT TO SWl)

RF1 0.2* X55-2 12 1553 BUS - 2B LO-2 (STAT TO SW1)

RF1 0.35 X55-2 13 1553 BUS - 2B SHD-2 (STAT TO SW1)

RF1 0.2" X55-2 18 1553 BUS - 2B HI-2 (SWl TO STAT)

RF1 0.2" X55-2 19 1553 BUS- 2B LO-2 (SWl TO STAT)

RF1 0.35 X55-2 20 1553 BUS - 2B SHD-2 (SWl TO STAT)

I
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Table 20-K. Electrical Interface Connections Between
PMA.2J3 and APDA-8001 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (ram=) CONN PIN

RF1 02. X55-2 26 SPARE

RF1 0.2* X55-2 27 SPARE

RFI 0.35 X55-2 28 SPARE

RF1 0_* X56-2 1 1553 BUS - 2A HI-1 (STAT TO SW4)

RF1 0.2" X56-2 2 1553 BUS- 2A LO-1 (STAT TO SW4)

RF1 0.35 X56-2 3 1553 BUS - 2A SHD-1 (STAT TO SW4)

RFI 0_* X56-2 5 1553BUS - 2A Hkl (b'_N4TO STAT)

RF1 0_* X56-2 6 E1553BUS- 2A LO-1 (SW4 TO STAT)

RF1 0.35 X56-2 7 1553BUS - 2A SHD-1 (SW4 TO STAT)

RF1 02. X56-2 15 11553BUS - 2A Hkl (SW4 TO ORB)

RF1 0.2" X56-2 16 _1553BUS - 2A LO-1 (SW4 TO ORB)

RFI 0.35 X56-2 17 1553 BUS- 2A SHD-1 (SW4 TO ORB)

RFI 0.2* X56.2 11 1553 BUS - 2A HI-2 (STAT TO SW4)

RFI 0.2* X56-2 12 1553 BUS - 2A LO-2 (STAT TO SW4)

RF1 0.35 X56-2 13 15,53BUS- 2A SHD-2 (STAT TO SW4)

RF1 0.2* X56-2 18 1553 BUS - 2A HI-2 (SW4 TO STAT)

RF1 0_* X56-2 19 1553 BUS- 2A LO-2 (SW4 TO STAT)

RF1 0.35 X56-2 20 1553 BUS- 2A SHD-2 (SW4 TO STAT)
RFI 0.2* X56-2 26 SPARE

RF1 02.2" X56-2 27 SPARE

RF1 0.35 X56-2 28 SPARE

RF2 02.2* X65-2 1 15,53BUS - 1B HI-I (STATTO SW2)

RF2 02.2* )(65-2 2 1553 BUS - 1B LO-1 (STATTO SW2)

RF2 0.35 X65-2 3 1553 BUS - 1B SHD-1 (STAT TO SW2)

RF2 02.2" X65-2 5 t553 BUS - 1B HI-1 (SW2 TO STAT)

RF2 02.2" X65-2 6 1553 BUS - 1B LO-1 (SW2 TO STAT)

RF2 0.35 X65-2 7 1553 BUS - 1B SHD-1 (SW2 TO STAT)

RF2 02. X65-2 15 1553 BUS- 1B Hkl (SW2 TO ORB)

RF2 0_" X65-2 16 1553 BUS - 1B LO-1 (SW2 TO ORB)

RF2 0.35 X65-2 17 1553 BUS- 1B SliD-1 (SW2 TO ORB)

RF2 0_" X65-2 11 1553 BUS - 1B HI-2 (STATTO SW2)

RF2 02' X65-2 12 1553 BUS - 1B LO-2 (STAT TO SW2)
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Table 20-K. Electrical Interface Connections Between
PMA-2/3 and APDA-8001 (concluded)

RUSS DOCKING

WIRE M=_.M. I/r FUNCTION
EMC SIZE (mm=) CONN PIN

RF2 0.35 X65-2 13

RF2 0`2" X65-2 18 1553 BUS - 1B HIo2 (SW2 TO STAT)

RF2 0.2" X65-2 19 1553 BUS - 1B LO-2 (SW2 TO STAT)

RF2 0.35 X65-2 20 1553 BUS- 1B SHD..2 (SW2 TO STAT)
RF2 0.2" X65-2 26 !SPARE --

RF2 0.2" X85-2 27 SPARE

RF2 n _ X65-2 28 SPARE

RF2 0,2" X66-2 1 1553 BUS - 1A HI-1 (STAT TO SW3)

RF2 0.2* )(66-2 2 1553 BUS- 1A LO-1 (STAT TO SW3)

RF2 0.35 X66-2 3 1553 BUS - 1A SHD-1 (STAT TO SW3)

RF2 0_* X66-2 5 11553BUS- 1A HI-1 (SW3 TO STAT)

RF2 0_* X66-2 6 1553 BUS- 1A LO-1 (SW3 TO STAT)

RF2 n _=_ )(66-2 7 1553 BUS - 1A SHD-1 (SW3 TO STAT)

RF2 0_" X66-2 15 1553 BUS- 1A HI-1 (SW3 TO ORB)

RF2 0_ X66-2 16 1553 BUS - 1A LO-1 (SW3 TO ORB)

RF2 0.35 X66-2 17 1553 BUS - 1A SHD-1 (SW3 TO ORB)

RF2 0`2" X66-2 11 1553 BUS - 1A HI-2 (STAT TO SW3)

RF2 0_* X66-2 12 1553 BUS - 1A LO-2 (STAT TO SW3)

RF2 0.35 X66-2 13 1553 BUS- 1ASHD-2 (STAT TO SW3)

RF2 0.2" X66-2 18 1553 BUS - 1A HI-2 (SW3 TO STAT)

RF2 0.2* X66-2 19 1553 BUS- 1A LO-2 (SW3 TO STAT)

RF2 0.35 X66-2 20 1553 BUS - 1A SHD-2 (SW3 TO STAT)
RF2 02" X66-2 26 SPARE

RF2 0_" X6_2 27 SPARE

RF2 0.35 X66-2 28 SPARE

I
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JSC 282

Table 20-L Electrical Interface Connections Between
Orbiter and APDA.3002

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mrS) CONN PIN

ML1 0.2. X55 13 PFCU CONNECTOR MATE JUMPER
ML1 0.2 X55 17 PFCU CONNECTOR MATE JUMPER

ML1 0.2 X55 18 PFCU CONNECTOR MATE JUMPER

ML1 0.2 X55 20 PFCU CONNECTOR MATE JUMPER

ML1 0.2 X55 19 PFCU CONNECTOR MATE JUMPER

ML1 0-2 X55 15 PFCU CONNI=C_ORMATE JUMPER

ML1 0-2 X56 13 PFCU CONNECTUR MATE JUMPER

ML1 0.2 X56 17 PFCU CONNEUrE)R MATE JUMPER

ML1 0.2 X56 18 PFCU CONNECTOR MATE JUMPER
ML1 0.2. X56 20 PFCU CONNECTOR MATE JUMPER

ML1 0.2 X56 19 PFCU CONNECTOR MATE JUMPER
ML1 0.2 X56 15 PFCU CONNECTOR MATE JUMPER

ML2 0.2 X65 13 PFCU CONNECTOR MATE JUMPER

MI..2. 0.2 X65 17 PFCU CONNECTOR MATE JUMPER

ML2 0.2 X65 18 PFCU CONNECTOR MATE JUMPER

ML2 0.2 X65 20 PFCUCONNECTOR MATE JUMPER

ML2 0-2 X65 19 IPFCUCONNECTOR MATE JUMPER

ML2 0.2 X65 15 IPFCUCONNECTOR MATE JUMPER

ML2 0.2 X66 13 PFCU CONNECTOR MATE JUMPER

ML2 0.2 X66 17 IPFCUCONNECTOR MATE JUMPER

ML2 0.2 X66 18 !PFCUCONNECTOR MATE JUMPER

MI_ 0-2 X66 20 iPFCUCONNECTOR MATE JUMPER

ML2 0.2 X66 19 PFCU CONNECTOR MATE JUMPER

ML2 0.2 X66 15 iPFCUCONNECTOR MATE JUMPER

ML1 0.35 X55 21 PYRO 1ACTIVE HOOKASSY NO. 1+

ML1 0.35 X55 1 PYRO 1ACTIVE HOOKASSY NO. 1o
ML1 0.35 X55 5 PYRO 1ACTIVE HOOKASSY NO. 11-

ML1 0.35 X55 25 PYRO 1 ACTIVE HOOKASSY NO. 11 +

ML1 0.35 X55 3 PYRO 1 ACTIVE HOOKASSY NO. 3 -

ML1 0.35 X55 23 PYRO 1 ACTIVE HOOKASSY NO. 3 +

ML1 0.35 X55 27 PYRO 1 ACTIVE HOOKASSY NO. 2 +

ML1 0.35 X55 7 PYRO 1 ACTIVE HOOKASSY NO. 2 -

ML1 0.35 X56 3 PYRO 1 ACTIVE HOOK ASSY NO. 7 -

ML1 0.35 X56 23 PYRO 1 ACTIVE HOOK ASSY NO. 7 +

ML1 0.35 X56 21 PYRO 1 ACTIVE HOOK A,SSYNO. 5ML1 0.35 X56 1 PYRO 1 ACTIVE HOOK ASSY NO. 5 -
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Table 20-L. Electrical Interface Connections Between
Orbiter and APDA-3002 (continued)

RUSS DOCKING

WIRE s,-_rl, i/t- FUNCTION
EMC SIZE (ram=) ' CONN PIN

ML1 0.35 X56 25 PYRO 1 ACTIVE HOOK ASSY NO. 9 +
ML1 0.35 X56 5 PYRO 1 ACTIVE HOOKASSY NO. 9 -

MLI 0.35 X55 11 PYRO 1 ACTIVE HOOK ASSY NO. 12 -

ML1 0.35 X55 31 PYRO 1 ACTIVE HOOKASSY NO. 12 +

ML1 0.35 X55 29 PYRO 1ACTIVE HOOK ASSY NO. 10 +

ML1 0.35 X55 g PYRO 1 ACTIVE HOOKASSY NO. 10 -

ML1 0.35 X56 11 PYRO 1 ACTIVE HOOK ASSY NO. 8 -

ML1 0,35 X56 31 iPYRO1 ACTIVE HOOK ASSY NO. 8 +

ML1 0.35 X56 29 PYRO 1 ACTIVE HOOKASSY NO. 6 +

ML1 0.35 X56 9 PYRO 1 ACTIVE HOOKASSY NO. 6 -

ML1 0.35 X56 7 PYRO 1 ACTIVE HOOK ASSY NO. 4 -

ML1 0.35 X56 27 PYRO 1 ACTIVE HOOK ASSY NO. 4 +

ML2 0.35 X65 1 PYRO 2 ACTIVE HOOKASSY NO. 1 +

ML2 0.35 X65 21 PYRO 2 ACTIVE HOOK ASSY NO. 1 -

ML2 0.35 X65 25 PYRO 2 ACTIVE HOOK ASSY NO. 11 o

ML2 0.35 X65 5 PYRO 2 ACTIVE HOOK ASSY NO. 11 +

ML2 0.35 X65 23 IPYRO2 ACTIVE HOOKASSY NO. 3 -

ML2 n .'_,; X65 3 PYRO 2 ACTIVE HOOKASSY NO. 3 +

ML2 0.35 X65 7 PYRO 2 ACTIVE HOOK ASSY NO. 2 +
ML2 0.35 X65 27 PYRO 2 ACTIVE HOOK ASSY NO. 2 -

ML2 0.35 X66 23 PYRO 2 ACTIVE HOOKASSY NO. 7 -

ML2 0.35 X66 3 PYRO 2 ACTIVE HOOKASSY NO. 7 +

ML2 0.35 X66 1 PYRO 2 ACTIVE HOOK ASSY NO. 5 +

ML2 0.35 X66 21 PYRO 2 ACTIVE HOOK ASSY NO. 5 -

ML2 0.35 X66 5 PYRO 2 ACTIVE HOOKASSY NO. 9 +

ML2 0.35 X66 25 PYRO 2 ACTIVE HOOK ASSY NO. 9 -

ML2 n _=_ X65 31 PYRO 2 ACTIVE HOOKASSY NO. 12 -

ML2 0.35 X65 11 PYRO 2 ACTIVE HOOKASSY NO. 12 +

ML2 0.35 X65 9 PYRO 2 ACTIVE HOOKASSY NO. 10 +

ML2 0.35 X65 29 PYRO 2 ACTIVE HOOKASSY NO. 10 -

ML2 0.35 X66 31 PYRO 2 ACTIVE HOOKASSY NO. 8 -

ML2 0.35 X66 11 PYRO 2 ACTIVE HOOKASSY NO. 8 +

ML2 0.35 X66 g PYRO 2 ACTIVE HOOK ASSY NO. 6 +

ML2 0.35 X66 29 PYRO 2 ACTIVE HOOK ASSY NO. 6 -

ML2 0.35 X66 27 PYRO 2 ACTIVE HOOK ASSY NO. 4 -

ML2 0.35 X66 7 !PYRO2 ACTIVE HOOK ASSY NO. 4 +
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Table 20-1_ Electrical Interface Connections Between
Orbiter and APDA-3002 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (ram=) CONN PIN

ML1 0.35 X55 22 PYRO 1 PASSIVE HOOK ASSY NO. 1 +

ML1 0.35 X55 2 PYRO 1 PASSIVE HOOK ASSY NO. 1 -

ML1 0.35 X55 6 PYRO 1 PASSIVE HOOK ASSY NO. 11 -

ML1 0.35 X55 26 PYRO 1 PASSIVE HOOK ASSY NO. 11 +

ML1 0.35 X55 4 PYRO 1 PASSIVE HOOK ASSY NO. 3 -

ML1 0.35 X55 24 PYRO 1 PASSIVE HOOKASSY NO. 3 +

ML1 0.35 X55 26 PYRO 1 PASSIVE HOOK ASSY NO. 2ML1 0.35 X55 8 PYRO 1 PASSIVE HOOK ASSY NO. 2 -

ML1 0.35 X56 4 PYRO 1 PASSIVE HOOK ASSY NO. 7 -

ML1 0.35 X56 24 PYRO 1 PASSIVE HOOK ASSY NO. 7 +

ML1 0.35 X56 22 PYRO 1 PASSIVE HOOK ASSY NO. 5 +

ML1 0.35 X56 2 PYRO 1 PASSIVE HOOKASSY NO. 5.

MLI 0.35 X56 26 PYRO 1 PASSIVE HOOKASSY NO. 9 +

ML1 0.35 X56 6 PYRO 1 PASSIVE HOOKASSY NO. 9 -

ML1 0.35 X55 12 PYRO 1 PASSIVE HOOKASSY NO. 12-

ML1 0.35 X55 32 PYRO 1 PASSIVE HOOKASSY NO. 12ML1 0.35 X55 30 PYRO 1 PASSIVE HOOKASSY NO. 10 +

ML1 0.35 X55 10 PYRO 1 PASSIVE HOOKASSY NO. 10 o

ML1 0.35 X56 12 PYRO 1 PASSIVE HOOK ASSY NO. 8 -

ML1 0.35 X56 32 PYRO 1 PASSIVE HOOK ASSY NO. 8 +

MLI 0.35 X56 30 PYRO 1 PASSIVE HOOK ASSY NO. 6 +

ML1 0.35 X56 10 PYRO 1 PASSIVE HOOK ASSY NO. 6 -

ML1 0.35 X56 8 PYRO 1 PASSIVE HOOK ASSY NO. 4 -

ML1 0.35 X56 28 PYRO 1 PASSIVE HOOKASSY NO. 4ML2 0.35 X65 2 PYRO 2 PASSIVE HOOKASSY NO. 1 +

ML2 0.35 X65 22 IPYRO2 PASSIVE HOOKASSY NO. 1 -

ML2 0.35 )(65 26 IPYRO2 PASSIVE HOOKASSY NO. 11 -

ML2 0.35 X65 6 PYRO 2 PASSIVE HOOKASSY NO. 11 +

ML2 0.35 X65 24 PYRO 2 PASSIVE HOOKASSY NO. 3 -

ML2 0.35 X65 4 PYRO 2 PASSIVE HOOKASSY NO. 3 +

ML2 0.35 X65 8 PYRO 2 PASSIVE HOOKASSY NO. 2 +

ML2 0.35 X65 28 PYRO 2 PASSIVE HOOK ASSY NO. 2 -

ML2 0.35 X66 24 PYRO 2 PASSIVE HOOK ASSY NO. 7 -

ML2 0.35 X66 4 P_r-_O2 PASSIVE HOOK ASSY NO. 7ML2 0.35 X66 2 PYRO 2 PASSIVE HOOK ASSY NO. 5 +

ML2 0.35 X66 22 PYRO 2 PASSIVE HOOK ASSY NO. 5 -
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Table 20-L. Electrical Interface Connections Between
Orbiter and APDA-3002 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mn_) CONN PIN

ML2 0.35 3(66 6 PYRO 2 PASSIVE HOOK ASSY NO. 9 +
ML2 0.35 X66 26 PYRO 2 PASSIVE HOOK ASSY NO. 9 -

ML2 0.35 X65 32 IPYRO2 PASSIVE HOOK ASSY NO. 12 -

ML2 035 X65 12 PYRO 2 PASSIVE HOOK ASSY NO. 12 +

ML2 035 X65 10 PYRO 2 PASSIVE HOOK ASSY NO. 10 +

ML2 0.35 X65 30 PYRO 2 PASSIVE HOOK A,SSYNO. 10 -

MI..2 0.35 X66 32 PYRO 2 PASSIVE HOOKASSY NO. 8 -

ML2 0.35 X66 12 PYRO 2 PASSIVE HOOKASSY NO. 8 +

ML2 0.35 X66 10 PYRO 2 PASSIVE HOOK ASSY NO. 6 +
MI.2 0.35 X66 30 PYRO 2 PASSIVE HOOKASSY NO. 6 -

ML2 0.35 X66 28 IPYRO2 PASSIVE HOOKASSY NO. 4 -

ML2 n _ X66 8 IPYRO2 PASSIVE HOOKASSY NO. 4 +

HO1 0.35 X68 3 DOCK MECH HEATEI_ (H1-1 +)

HO1 0.35 X68 48 DOCK MECH HEATE_ (H1-1 -)

HO2 0.35 X68 1 DOCK MECH HEATER (H1-2 +)

HO2 0.35 X68 50 DOCK MECH HEATER (H1-2 -)

HO3 0.35 X68 9 DOCK MECH HEATER (H1-3 +)

HO3 0.35 X68 41 DOCK MECH HEA_I=I.<(H1-3 -)
HO3 0.35 X68 7 DOCK MECH HEAl _-H(H2-1 +)

HO3 0.35 X68 44 IDOCKMECH HEAl I=i_(H2-1 -)

HO1 0.35 X68 5 =DOCKMECH HEAl _-P((H2-2 +)

HO1 n _5 X68 46 DOCK MECH HEATER (H2-2 -)

HO2 n _ X68 17 DOCK MECH HEA_f=t.((H2-3 +)

HO2 0.35 X68 34 DOCK MECH HEATE_: (H2-3 -)

HO3 0.35 X68 13 DOCK MECH HEA_EI.( (H3-1 +)
HO3 0.35 X68 38 DOCK MECH HEATE_<(H3-1 -)

HO2 0.35 X68 11 DOCK MECH HEATER (H3-2 +)
HO2 0.35 X68 40 DOCK MECH HEATE_ (H3-2 -)

HO1 0.35 X68 24 DOCK MECH HEA ! I:::1_(H3.-3 (HO1 0.35 X68 26 IDOCKMECH HEA'IkP( (H3,-3-)

HO1 0.2 X74 16 RING ALIGNED

HO2 0.2 X74 24 RING ALIGNED

HO1 0.2 X74 25 INITIAL CONTACT

HO2 0.2 X74 12 INITIAL CONTACT

I
FORMM131-H-2REV9-87 7-17-98

p .r



Table 20-L. Electrical Interface Connections Between
Orbiter and APDA-3002 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mrn2) CONN PIN

HO1 0.35 X74 32 CAPTURE (SHORT)

HO2 0.35 X74 47 CAPTURE (SHORT)

HO1 0.2 X74 36 CAPTURE (LONG)

HO2 0.2 X74 13 CAPTURE (LONG)

HO1 0.35 X75 10 PWR SUP TO RING MTR (M4)

HO1 0.35 X75 4 PWR SUP TO RING MTR (M4)

HO1 0.35 X75 41 PWR SUP TO RING MTR (M4)

HO1 0.35 X75 50 PWR SUP TO RING MTR (M4)

HO2 0.35 X75 7 PWR SUP TO RING MTR (M5)

HO2 0.35 X75 8 PWR SUP TO RING MTR (M5)

HO2 0.35 X75 47 PWR SUP TO RING MTR (M5)

HO2 0.35 X75 48 PWR SUP TO RING MTR (M5)

HO1 0.2 X75 35 RING FINAL POSITION

H02 0.35 X75 43 RING FINAL POSITION

HO3 0.35 X75 22 _ONTROL SENSOR RETURN

HO1 0.2 X75 24 _ONTROL SENSOR RETURN

HO2 0.2 X75 25 ICONTROLSENSOR RETURN

HOI 0.35 X69 34 iRINGINITIAL POSITION

HO2 0.35 X69 26 IRINGINITIAL POSITION

HO1 0.35 X69 27 iRINGFORWARD POSITION

HO2 0.35 X69 28 !RINGFORWARD POSITION

HO1 0.35 X69 12 !CAPTURELATCHES OPEN IND

HO2 0.35 X69 11 CAPTURE LATCHES OPEN IND

HO1 0.35 X69 4 CAPTURE LATCHESCLOS IND

HO2 0.35 X69 8 iCAPTURELATCHES CLOS IND

HO1 0.2 X69 35 CAPTURE LATCHES IND RTN

HO2 0.2 X69 36 CAPTURE LATCHES IND RTN

HO2 0.35 X72 35 PWR SUP TO CAP LAT MTR (MI) +

HO1 0.35 X72 36 PWR SUP TO CAP LAT MTR (M1) +

HO1 0.2 X72 2 PWR SUP TO CAP LAT MTR (M1) -

HO1 0.2 X72 4 PWR SUP TO CAP LAT MTR (M1) -
HO2 0.35 X72 11 CAPTURE LATCH NO. 1 CLOS

HO1 0.35 X72 25 CAPTURE LATCH NO. 1 CLOS

FORMM 131-t-l-2REV9-87 ,t



CODEIDENT.NO.0__9___
NUMP-ER

JSC 26938 287

I
Table 20-L Electrical Interface Connections Between

Orbiter and APDA-3002 (continued)
RUSS

WIRE MP-L;H.ul- FUNCTION
EMC SIZE (mm2) CONN PIN

HO2 n _ X72 32 CAPTURE LATCH NO. 1 OPEN
HO1 0.35 X72 27 CAPTURE LATCH NO. 1 OPEN

HO2 0.35 X72 43 PWR SUP TO CAP LAT MTR (M2) +

HO2 0.35 X72 42 PWR SUP TO CAP LAT MTR (M2) +

HO3 0.2 X72 5 PWRSUP TO CAP LAT MTR (M2) -

HO2 0.2 X72 1 PWR SUP TO CAP LAT MTR (M2) -
HO3 n _=; X72 24 CAPTURE LATCH NO. 2 CLOS

HO2 n ._ X72 19 CAPTURE LATCH NO. 2 CLOS

HO3 0.35 X72 26 CAPTURE LATCH NO. 2 OPEN

HO2 0.35 X72 40 CAPTURE LATCH NO. 2 OPEN

HO3 0.35 X72 48 PWR SUP TO CAP LAT MTR (M3) +

HO3 0.35 X72 47 PWR SUP TO CAP LAT MTR (M3) +

HO1 0.2 X72 9 iPWR SUP TO CAP LAT MTR (M3) -

HO3 0.2 X72 10 PWR SUP TO CAP LAT MTR (M3) -
HO1 n _ X72 18 CAPTURE LATCH NO. 3 CLOS
HO3 n _5 X72 33 CAPTURE LATCH NO. 3 CLn_

HO1 0.35 X72 39 CAPTURE LATCH NO. 3 OPEN

HO3 0.35 X72 34 CAPTURE LATCH NO. 3 OPEN

HO1 0.35 X76 4 PWR SUP TO M6 GROUP 1 HOOKS "'

HO1 0.35 X76 8 PWR SUP TO M6 GROUP 1 HOOKS "

HO1 0.35 X76 1 F_WRSUP TO M6 GROUP 1 HOOKS "*

HO1 0.35 X76 5 PWR SUP TO M6 GROUP 1 HOOKS"

HO2 n _ X76 9 PWR SUP TO M7 GROUP 1 HOOKS ""

HO2 0.35 X76 10 F_NRSUP TO M7 GROUP 1 HOOKS "*

HO2 0.35 X76 11 PWR SUP TO M7 GROUP 1 HOOKS "'

HO2 0.35 X76 12 PWR SUP TO M7 GROUP 1 HOOKS "

HO1 0.35 X76 6 GROUP 1 HOOKS CLOSED *"

HO2 0.35 X76 20 GROUP 1 HOOKS CLOR_n "*
HO1 0.35 X76 15 GROUP1 HOOKS OPEN "'

HO2 0.35 X76 22 GROUP 1 HOOKS OPEN "*

HO2 0.2 X76 24 GROUP 1 HOOKS CLO,_Eu Po=i URN "*

HO1 0.2 X76 33 GROUP 1 HOOKS CLO_P_L__rJ=I URN *'

HO1 0.2 X76 32 GROUP 1 HOOKS OPEN Pu=;URN *"

HO2 0.2 X76 30 GROUP 1 HOOKSOPEN _J=/URN *°
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Table 20-L. Electrical Interface Connections Between

Orbiter and APDA-3002 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mm=) CONN PIN

HO1 0.35 XT0 4 FIXER 1 (+)
HO1 0.35 XT0 2 IFIXER1 (+)

HO1 0.35 X70 28 FIXER 1 (-)

HO1 0.35 X70 31 FIXER 1 (-)

HO1 0.35 X70 46 FIXER 1 (-)

HO1 0.35 X70 45 FIXER 1 (-)

HO2 0.35 XT0 10 FIXER 2 (+)

HO2 0.35 X70 9 FIXER 2 (+)

HO2 0.35 XT0 27 FIXER 2 (-)

HO2 0.35 X70 26 FIXER 2 (-)

HO2 0.35 X70 50 FIXER 2 (-)

HO2 0.35 X70 49 FIXER 2 (o)

HO3 0.35 X70 8 FIXER 3 (+)

HO3 0.35 X70 14 FIXER 3 (+)

HO3 0.35 X70 25 FIXER 3 (-)

HO3 0.35 XT0 24 FFIXER3 (-)
HO3 0.35 X70 44 IFIXER 3 (-)

HO3 0.35 X70 43 FIXER 3 (-)

HO 0.35 X70 13 FIXER 4 (+)

HO 0.35 X70 20 FIXER 4 (+)

HO 0.35 X70 17 FIXER 4 (-)

HO 0.35 X70 16 FIXER 4 (-)

HO 0.35 X70 48 FIXER 4 (-)

HO 0.35 X70 47 FIXER 4 (-)

HO 0.35 X70 19 FIXER 5 (+)

HO 0.35 XT0 18 FIXER 5 (+)
HO 0.35 X70 33 FIXER 5 (-)

HO 0.35 XT0 32 FIXER 5 (-)
HO 0.35 )(70 42 FIXER 5 (-)

HO 0.35 X70 41 FIXER 5 (-)

HO1 0.2 X67 4 HI-ENERGY DAI_PERNO. 1 ( )HO1 0.2 X67 3 HI-ENERGY DAMP,=KNO. 1 (+)

HO1 0.2 X67 39 HI-ENERGY DA_PE_ NO. 1 (-)

HO1 0.2 X67 40 HI-ENERGY DAbiPER NO. 1 (-)

HO2 0.2 X67 17 HI-ENERGY DAMPER NO. 2 (+)

HO2 0.2 X67 16 HI-ENERGY DAMPER NO. 2 (+)
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Table 20-L. Electrical Interface ConnectionsBetween
Orbiter and APDA-3002 (continued)

P_USS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mrr_ CONN PIN

HO2 0.2 X67 50 HI-ENERGY DAMPER NO. 2 (-)
HO2 0.2 X67 49 HI-ENERGY DAMPER NO. 2 (-)

HO3 0.2 X67 6 HI-ENERGY DAMPER NO. 3 (+)

HO3 0.2 X67 5 !HI-ENERGY DAMPEI,( NO. 3 (+)
HO3 0.2 X67 35 HI-ENERGY DAMPI=KNO. 3 (-)

HO3 0.2 X67 34 HI-ENERGY DAMPEN NO. 3 (-)

HO2 0.35 X76 41 PWR SUP TO M9 GROUP 2 HOOKS "*

HO2 0.35 X76 42 PWR SUP TO M9 GROUP 2 HOOKS "*

HO2 0.35 X76 39 PWR SUP TO M9 GROUP 2 HOOKS "

HO2 0.35 X76 40 PWR SUP TO M9 GROUP 2 HOOKS "

HO1 0.35 X76 47 PWR SUP TO M8 GROUP 2 HOOKS "

HO1 0.35 X76 48 PWR SUP TO M8 GROUP 2 HOOKS "

HO1 0.35 X76 50 PWR SUP TO M8 GROUP 2 HOOKS "'

HO1 n _.=; X76 46 PWR SUP TO M8 GROUP 2 HOOKS ""
HO1 0.35 X76 19 GROUP 2 HOOKS CLOSED"
HO2 0.35 X76 28 GROUP 2 HOOKS cl n._n -*

HO1 0.35 X76 18 GROUP 2 HOOKS OPEN "*

HO2 0.35 X76 27 GROUP2 HOOKS OPEN "

HO1 0.35 X77 1 GROUP 1 HOOKS IN-B_EN "
HO2 0.35 X77 5 IGROUP1 HOOKS IN-BETWEEN "

HO1 0.35 X77 38 GROUP 2 HOOKS IN-BETWEEN "

HO2 0.35 X77 37 GROUP 2 HOOKS IN-BETWEEN "

HO1 0.2 X77 20 HOOKS IN-BETWEEN _-/URN

HO2 0.2 X77 28 HOOKS IN-u*-/WEEN _P-._URN

HO2 0.2 X77 14 HOOKS IN-EsEIWEEN RETURN

HO1 0.2 X77 6 HOOKS IN-BETWEEN RETURN

HO2 0.2 X76 36 CONTROLSENSOR RETURN

HO1 0.2 X76 45 CONTROLSENSOR RETURN

HO2 0.2 X76 43 CONTROL SENSOR RETURN

HO2 0.2 X76 49 CONTROL SENSOR RETURN

HO1 0.2 X77 2 CONTROL SENSOR F_J:_URN

HO2 0.2 XT/ 3 CONTROL SENSOR RETURN

HO3 0.2 X77 8 CONTROL SENSOR RETURN
HO1 0.2 X77 45 READY TO HOOK

HO2 0.2 X77 48 READY TO HOOK

HO1 0.35 X77 49 UNDOCK COMPLEI [=

I
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Table 20-L Electrical Interface Connections Between

Orbiter and APDA-3002 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION

EMC SIZE (mm=) CONN PIN

H02 0.35 X77 50 UNDOCK COMPLP_H::
HO2 0.35 X77 32 INTERFACE SEALED

HO3 0.35 x"r/ 39 IN_Eh_FACESEALED

HO1 0.35 X77 24 IN1'_-HFACESEALED

HO1 0.2 X77 18 CONTROL SENSOR RETURN

HO1 0.2 X77 26 CONTROL SENSOR RETURN

HO2 0.2 X77 34 CONTROL SENSOR RETURN

ML 0.35 X71 28 BALLSCREW NO. 1 UN ADV (COM)
ML 0.35 X71 23 BALLSCREW NO. 1 LIN ADV (SIG)

ML 0.35 X71 40 BALLSCREW NO. 1 LIN ADV (EXC)

ML 0.35 X71 27 BALLSCREW NO. 2 LIN ADV (COM)

ML 0.35 X71 24 BALLSCREW NO. 2 UN ADV (SIG)

ML 0.35 X71 39 BALLS_W NO. 2 UN ADV (EXC)

ML 0.35 X71 26 BALLSCREW NO. 3 UN ADV (COM)

ML 0.35 X71 25 BALLSCREW NO. 3 LIN ADV (SIG)

ML 0.35 X71 45 BALLSCREW NO. 3 LIN ADV (EXC)

ML 0.35 X71 35 BALLSCREW NO. 1 MISALJGN(COM)

ML 0.35 X71 18 rBALLSCREW NO. 1 MISAUGN (SIG)
ML 0.35 X71 50 IBALLSCREW NO. 1 MISALIGN (EXC)

ML 0.35 X71 36 iBALLSCREW NO. 2 MISALIGN (COM)

ML 0.35 X71 19 IBALLSCREW NO. 2 MISALIGN (SIG)
ML 0.35 X71 49 IBALLSCREW'NO. 2 MISALIGN (EXC)

ML 0.35 X71 34 BALL SCREW NO. 3 MISALIGN (COM)
ML 0.35 X71 20 BALLSCREW NO. 3 MISALIGN (SIG)

ML 0.35 X71 48 BALLSCREW NO. 3 MISALIGN (EXC)
ML 0.35 X71 13 LATCHES MANUALREL RTN

ML 0.35 X71 17 LATCHES MANUAL RELEASE

ML2 0.35 X71 10 RING FINAL POSITION

ML2 0.35 X71 31 RING FINAL POSITION RTN

ML 0.35 X73 44 CAPTURE LATCH OPEN

ML 0.35 X73 10 CAPTURE LATCH OPEN RTN
ML 0.35 X73 43 CAPTURE LATCHESCLOSED

ML 0.35 X73 5 CAPTURE LATCHES CLOS RTN

ML 0.35 X73 7 RING INITIAL POSITION RTN

ML 0.35 X73 47 RING INITIAL POSITION

ML2 0.35 X73 11 RING FORWARD POSITION RTN
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| Table 20-L Electrical Interface Connections Between

I Orbiter and APDA-3002 (continued)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mmz) CONN PIN

ML2 0.35 X73 48 RING FORWARD POSITION

ML 0.35 X73 21 LWR BALLSOCKET NO 1TEMP (COM)

ML 0.35 X73 20 LWR BALLSOCKET NO 1 TEMP (SIG)

ML 0.35 X73 18 LWR BALLSOCKET NO 1 TEMP (EXC)

ML 0.35 X73 28 ILWRBALLSOCKET NO 2 TEMP (COM)

ML 0.35 X73 27 LWR BALLSOCKET NO 2 TEMP (SIG)

ML 0.35 X73 39 LWR BALLSOCKET NO 2 TEMP (EXC)

ML 0.35 X73 37 LWR BALLSOCKET NO 3 TEMP (COM)

ML 0.35 X73 36 LWR BALLSOCKET NO 3 TEMP (SIG)

ML 0.35 X73 34 LWR BALLSOCKET NO 3 TEMP (EXC)

ML 0.35 X73 17 CAPTURE LATCH NO. 1 TEMP (COM)

ML 0.35 X73 16 CAPTURE LATCH NO. 1 TEMP (SIG)
ML 0.35 )(73 14 CAPTURE LATCH NO. 1TEMP (EXC)

ML 0.35 X73 25 ICAPTURELATCH NO. 2 TEMP (COM)

ML 0.35 X73 24 CAPTURE LATCH NO. 2 TEMP (SIG)

ML n :=L=_ X73 22 CAPTURE LATCH NO. 2 TEMP (EXC)

ML 0.35 X73 33 CAPTURE LATCH NO. 3 TEMP (COM)

ML 0.35 X73 32 CAPTURE LATCH NO. 3 TEMP (SIG)

ML 0.35 X73 30 CAPTURE LATCH NO. 3 TEMP (EXC)

ML 0.35 X73 29 DOCKING RING DRIVE TEMP (COM)
ML 0.35 X73 40 DOCKING RING DRIVE TEMP (SIG)

ML 0.35 X73 45 DOCKING RING DRIVE TEMP (EXC)
ML 0.35 X73 6 SHIELD

ML1 0.35 X79 22 UNDOCK COMPLP_I

ML1 n _ X79 23 UNDOCK COMPLE !t: RTN

ML1 n ._ X79 3 READY TO HOOK

ML1 0.35 X79 9 READY TO HOOKRTN

MLI 0.35 X79 26 GROUP 1 HOOKS CLO.q_n POS "*

ML1 0.35 X79 16 GROUP 1 HOOKS CLOS POS RTN "

ML2 0.35 X79 25 GROUP2 HOOKS OPEN POSITION "*

ML2 0.35 X79 35 GROUP2 HOOKS OPEN POS RTN "

ML1 0.35 x7g 24 GROUP 1 HOOKS OPEN POSITION *"

ML1 0.35 X79 34 GROUP 1 HOOKS OPEN POS RTN "*

ML2 0.35 X79 17 GROUP 2 HOOKS CLORFD POS "*

ML2 n_ x7g 27 GROUP 2 HOOKS CLOS POS RTN "

ML 0.35 x7g 31 GROUP 1 HOOKS LINEAR ADV (EXC) "

ML 0.35 X79 40 L GROUP 1 HOOKS LINEAR ADV (SIG) "

I
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Table 20-L Electrical Interface Connections Between

Orbiter and APDA-3002 (concluded)

RUSS DOCKING

WIRE MECH. I/F FUNCTION
EMC SIZE (mrS) CONN PIN

ML 0.35 X79 50 GROUP 1 HOOKS LINEAR ADV (COM) ""
ML 0.35 X79 30 GROUP 2 HOOKS LINEAR ADV (EXC) ""

ML 0.35 X79 46 GROUP 2 HOOKS LINEAR ADV (SIG)"

ML 0.35 X79 39 GROUP 2 HOOKS LINEARADV (COM) "'

ML 0.35 X78 1 DOCKING i/F TEMP NO. 1 (COM)

ML 0.35 X78 2 DOCKING I/F TEMP NO. 1 (SIG)

ML 0.35 X78 4 DOCKING I/F TEMP NO. 1 (EXC)

ML 0.35 X78 5 DOCKING I/F TEMP NO. 2 (COM)

ML 0.35 X78 6 DOCKING I/F TEMP NO. 2 (SIG)

ML 0.35 X78 8 DOCKING I/F TEMP NO. 2 (EXC)

ML 0.35 X78 9 DOCKING I/F TEMP NO. 3 (COM)

ML 0.35 X78 10 DOCKING I/F TEMP NO. 3 (SIG)

ML 0.35 X78 12 DOCKING I/F TEMP NO. 3 (EXC)

ML 0.35 X78 30 HOOKSDRIVE TEMP NO. 1 (COM)

ML 0.35 X78 31 IHOOKS DRIVE TEMP NO. 1 (SIG)

ML 0.35 X78 33 iHOOKS DRIVE TEMP NO. 1 (EXC)

ML 0.35 X78 37 HOOKS DRIVE TEMP NO. 2 (COM)

ML 0.35 X78 38 HOOKSDRIVE TEMP NO. 2 (SIG)

ML 0.35 X78 40 HOOKS DRIVE TEMP NO. 2 (EXC)

ML 0.35 X78 34 SHD (ALLAPDS TEMP MEAS)

"' NUTr-': GROUP 1 HOOKS CONSIST OF HOOKS 1, 3, 5, 7. 9, & 11.

GROUP 2 HOOKS CONSIST OF HOOKS 2, 4, 6, 8, 10, & 12.

GROUP 1 & 2 HOOKS ACTUATOR ASSEMBLIESAI-FACHED WITH HOOKS 7 & 6,
RESPECTIVELY.
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Appendix III

30. DOCKING SYSTEM CONTROL UNIT

30.1 SCOPE

Thisappendixdefinesthe detailedrequirementsfor the DockingSystem ControlUnit (DSCU).

30.2 APPLICABLE DOCUMENTS

N/A

30.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

30.3.1 Item Definition

The DockingSystem ControlUnitshallconsistof signalconditioning,power protection,
switchingfunctions,to providecontrolsandcommandsto the APDS boxes.

30.3.1.1 Item Diagram

A functionalblockdiagramof the DockingSystem ControlUnit is illustratedin Figure3_-A.

30.3.1.2 Interface Definition

The functionaland physicalinterfacerequirementsbetweenthe DockingSystemControlUnit,
the otherAPDS boxes,and theOrbiterAvionicsare definedinthe followingparagraphs.

30.3.1.2.1 MechanicalCharacteristics.

30.3.1.2.1.1 Mounting

Provisionsfor mountingthe DockingSystemControlUnit shallbe as shownin Figure30-B.

30.3.1.2.1.2 Connectors

The DockingSystem ControlUnitshallhave connectorslocatedas shown in Figure30-B, with
pinassignmentsas shown in Table30-Co

30.3.1.3 Item Identification

The DockingSystem ControlUnit shallbe identifiedas follows:

Buyer Seller Traceability Maintenance

Nomenclature ControlNo. Part No. Classification Level

DSCU MC621-0087- 2002 33U.5212. 005-02 Ts LRU I
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30.3.2.1.2.4 Deletionof AutomaticDriveActivationCapability

As the capabilityto automaticallyactivatethe dockingmechanismdrive is to be deleted, the
DSCU shallbe rewiredso as to removetime relaysKT61-KT63, KT25-1CI'27,KT31-KT33, and
KT25-KT27. Alsoto be removedare relays E208, E28, E30-1, E180, E130, E26, E27,andF_2.9.
Driveactuationcommandsshallbe wiredfor manualdeliveryfromtheDCP.

30.3.2.1.3 SignalCharacteristics

Characteristicsof signalsthat are uniqueto the DockingSystemControlUnit are as follows:

TBS

30.3.2.2 Physical Characteristics.

30.3.2.2.1 Envelope

The DockingSystemControlUnit shallhave an envelopeas defined in Figure30-B.

30.3.2.2.2 Weight

The weightof the DockingSystemControlUnitshall notexceed 24.3 Ibs.

30.3.2.3 Reliability

The requirementsof 3.2.3 of the basicspecificationapply.

30.3.2.4 Environment

The requirementsof 3.2.5.1.2 and3.2.5.2.2 of the basicspecificationapply.

30.3.2.5 Transportability

The requirementsin 3.2.6 of the basicspecificationapply.

30.3.3 Design and Construction

The requirementsof 3.3 of the basicspecificationapply,exceptthe followingparagraphshall
take precedenceover 3.3.3.2.1.

30.3.3.1 Power Consumption

Power consumedby the DSCU shallnotexceed 116 watts.

30.4 QUALITY ASSURANCE PROVISIONS.

30.4.1 General Requirements

The requirementsof 4.1 of the basicspecificationapply.
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30.4.2 Quality Conformance

30.4.2.1 Development

The requirementsin 4.2.1 of the basicspecificationapply.

30.4.2.2 Acceptance

Acceptancetests and inspectionsshallbe performedon the DSCU, to be employedon the
deliveredunitsto the Buyer. The minimumnumberof tests and inspections,andthe sequence
thereof shallbe as specifiedinTable 30-A. The Seller shallperformany other test deemed
necessary, subjectto approvalof the Buyer.

Table O-A. Acceptance Requirements

Paragraphlistedin Recommended
Inspection& Test Sequence

Examinationof Product 30.4.2.2.1

Functional& Performance Test 30.4.2.2.2

InsulationResistanceTest 30.4.2.2.2.1

DielectricStrengthTest 30.4.2.2.2.2

AcceptanceVibrationTest 30.4.2.2.3

AcceptanceThermalTest 30.4.2.2.4

AcceptanceHumidityTest 30.4.2.2.5

Functional& Performance Recheck 30.4.2.2.2

30.4.2.2.1 Examinationof Product

The requirements in4.2.2.1 of the basicspecificationapply.

30.4.2.2.2 Functionaland PerformanceTests

The requirementsin4.2.2.2 of the basicspecificationapply.

30.4.2.2.2.1 InsulationResistanceTest

The requirementsin 4.2.2.2.1 of the basicspecificationapply.

30.4.2.2.2.2 DielectricStrengthTest

The requirementsin4.2.2.2.2 of the basicspecificationapply.

30.4.2.2.3 Acceptance VibrationTest (AVT)

The requirementsin4.2.2.3 of the basicspecificationapply.

I
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30.4.2.2,4 AcceptanceThermalTest (AT'I')

The requirementsof 4.2.2.4 of the basicspecificationapply,exceptthat the DSCU shallbe
exposedto the maximumand minimumoperatingtemperaturesfor a durationof not lessthan 3
hours. Rate of changeshallnotexceed 240 °F (133.3 °C) per hour,norbe lessthan 60 °F
(33.3 °C) per hour. The thermal exposuremay be performedbycyclingfrom one extremeto
the other,or by separatetests witha performancetest betweenexposures.

30.4.2.2.5 AcceptanceHumidityTest

The requirementsin4.2.2.5 of the basicspecificationapply.

30.4.2.3 Assessment

The requirementsin4.2.3 of the basicspecificationapply.

30.4.2.3.1 Reliability

The requirementsin4.2.3.1 of the basicspecificationapply.

30.4.2.3.2 Materialsand Processes

The requirementsin4.2.3.2 of the basicspecificationapply.

30.4.2.3.3 PartsStandardization

The requirementsin4.2.3.3 of the basicspecificationapply.

30.4.2.3.4 ElectricalDesignRequirements

The requirementsin4.2.3.4 of the basicspecificationapply.

30.4.2.3.5 Interchangeability

The requirementsin4.2.3.5 of the basicspecificationapply.

30.4.2.3.6 Human Performance/HumanEngineering

The requirementsin4.2.3.6 of the basicspecificationapply.

30.4.2.3.7 Safety

The requirementsin4.2.3.7 of the basicspecificationapply.

30.4.2.3.8 Identificationand Marking

The requirementsin4.2.3.8 of the basicspecificationapply.

30.4.2.4 Certification

The requirementsin4.2.4 of the basicspecificationapply,
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I
30.4.2.4.1 QualificationTests

Qualificationtestingperformedto satisfythe requirementsspecifiedinthe performanceand
designverificationmatrixof Section4, Table V shallbe in conformancewiththe requirementsof
thisparagraph. Qualificationtestspecimensshallbe subjectedto the tests specifiedinTable30-B.

Table O-B. Qualification Requirements

Test sequence Paragraph

AcceptanceTest 30.4.2.2

PerformanceTest 30.4.2.4.1.2

TransportationTest 30.4.2.4.1.11

PowerTest 30.4.2.4.1.7

Vibration 30.4.2.4.1.4

Shock. 30.4.2.4.1.6

Acceleration 30.4.2.4.1.5

ThermalVacuumTest 30.4.2.4.1.I0

QualificationHumidityTest 30.4.2.4.1.3

* EMC Test 30.4.2.4.1.9

LifeTest 30.4.2.4.1.12

FinalPerformanceTest 30.4.2.4.1.2

* Test and analysiswillbe conductedand
documentedby Buyer.

30.4.2.4.1.1 Test Hardware

Qualificationtest hardwareshallbe of the same configurationas flighthardware.

30.4.2.4,1.2 Performance Requirements

The requirementsin4.2.4.1.2 of the basicspecificationapply.

30.4.2.4.1.3 QualificationHumidityTest

The requirementsin4.2.4.1.3 of the basicspecificatioriapply.

30.4.2.4.1.4 Vibration,

30.4.2.4.1.4.1 Qualification- AcceptanceVibrationTest (QAVT)

The requirementsin4.2.4.1.4.1 of the basicspecificationapply,

I
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30.4.2.4.1.5 Acceleration -_

The requirementsin4.2.4.1.5 of the basicspecificationapply.

30.4.2.4.1.6 Shock

The requirementsin4.2.4.1.6 of the basicspecificationapply.

30.4.2.4.1.7 PowerTest

The requirementsin4.2.4.1.7 of the basicspecificationapply. Power tests may be verifiedas
partof the Functional/Performancetests.

30.4.2.4.1.8 Lightning

The requirementsin4.2.4.2.12 of the basicspecificationapply.

30.4.2.4.1.9 ElectromagneticCompatibilityTests

The requirementsin 4.2.4.1.9 of the basicspecificaUonapply.

30.4,2.4.1.10 ThermalVacuumTest

The requirementsin4.2.4.1.10 of the basicspecificationapplyexceptthat the firstfour cycles
are performedat ambientpressureand circuitmonitoringmay be limiteddue to operatinglife ofDSCU.

30.4.2.4.1.11 TransportationTest

The requirementsin 4.2.4.1.11 of the basicspecificationapply.

30.4.2.4.1.12 OperatingLifeTest

The requirementsin 4.2.4.1.12 of the basicspecificationapply.

30.4.2.4.2 CertificationByAnalysis

The requirementsin4.2.4.2 of the basicspecificationapply.

30.4.2.4.2.1 Storage/OperatingLife

The requirementsin4.2.4.2.1 of the basicspecificationapply.

30.4.2.4.2.2 PhysicalCharacteristics

The requirementsin4.2.4.2.2 of the basicspecificationapply.

30.4.2.4.2.3 Reliability

The requirementsin4.2.4.2.3 of the basicspecificationapply.
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30.4.2.4.2.4 Salt Fog

The requirementsin4.2.4.2.4 of thebasicspecificationapply,

30.4.2.4.2.5 Ozone

The requirementsin4.2.4.2.5 of the basicspecificationapply.

30.4.2,4.2.6 Fungus

The requirementsin4.2.4.2.6 of the basicspecificationapply.

30.4.2.4.2.7 Materialsand Processes

The requirementsin4.2.4.2.7 of the basicspecificationapply.

30.4,2.4.2.8 ElectromagneticCompatibility

The requirementsin4.2.4.2.8 of the basicspecificationapply.

30.4.2.4.2.9 ElectricalDesignRequirements

The requirementsin4.2.4.2.9 of the basicspecificationapply.

30.4.2.4.2.10 Safety

The requirementsin4.2.4.2.10 of the basicspecificationapply.

30.4.2.4.2.11 Sand and Dust

The requirementsin4.2.4.2.11 of the basicspecificationapply.

30.4.2.4.2,12 Certificationby Other Test Data

The requirementsin4.2.4.2.12 of the basicspecificationapply.

30.4.2.5 Verification Requirements Matrices

The requirementsin4.2.5 of the basicspecificationapply.

30.5 PREPARATION FOR DELIVERY

The requirementsin Section5 of the basicspecificationapply.

I
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Figure O-A. A functional block diagram of the DSCU
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MC62t-OO87-2002 REF --_
.354 INSIDE DIA 4 PL _ \

(PART OF DSCU ASSEMBLY) _

WASHER ( S DE DIA .594) 4 PL
SELF LOCKING NUT 4 PL
PROVIDED BY ROCKWELL SECTION A--_

SCALE: 2/1

MC621-0087-2002 1 REQD .--,,

REF DES 45V53A2A2
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Figure O-B. DSCU Mounting and Connectors Location Diagram (I of 2)
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SURFACE 4 PL
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Figure 30-B. DSCU Mounting and Connectors Location Diagram (2 of 2)
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Table O-C. DSCU Pin Assignments
PALLET

BOX _CONN PIN FUNCTION TYPE
DSCU X30 1 OPEN LATCHES CMD NL FL
DSCU X30 2 OPEN LATCHES CMD /VL FL

!DSCU X30 3 OPEN LATCHES CMD NL FL
DSCU X30 4 CLOSE LATCHES CMD A/L FL
DSCU IX30 5 CLOSE LATCHES CMD A/L FL
DSCU X30 6 LCLOSELATCHES CMD A/L FL
DSCU X30 7 OPEN HOOKS CMD A/L FL
DSCU X30 8 OPEN HOOKS CMD NL FL
DSCU X30 9 OPEN HOOKS CMD A/L FL
DSCU X30 10 CLOSE HOOKS CMD A/L FL
DSCU X30 11 CLOSE HOOKS CMD A/L FL
DSCU X30 12 CLOSE HOOKS CMD A/L FL
IDSCU >(30 13 FIXERS OFF CMD A/L FL
DSCU X30 14 FIXERS OFF CMD A/L FL
DSCU X30 15 FIXERS OFF CMD A/L FL
DSCU X30 16 DPEN HOOKS CMD A/L FL
DSCU X30 17 IOPENHOOKS CMD A/L FL
DSCU X30 18 OPEN HOOKS CMD A/L FL
DSCU X30 19 CLOSE HOOKS CMD NL FL
DSCU X30 20 CLOSE HOOKS CMD A/L FL
DSCU X30 23 CLOSE HOOKS CMD NL FL
DSCU X30 24 POWER ON CMD NL FL
DSCU X35 25 POWER ON CMD A/L FL

DSCU X30 26 POWER ON CMD A/L FL !!DSCU X30 27 RING IN CMD NL FL
DSCU X30 31 RING OUT CMD A/L FL t
DSCU X30 32 RING OUTCMD NL FL I
DSCU X30 33 RING OUT CMD A/L FL !

DSCU X30 34 IRING IN CMD NL FL I
DSCU X30 35 iRING IN CMD NL FL i
DSCU X30 38 POWER OFF CMD A/L FL i
DSCU X30 39 POWER OFF CMD A/L FL
DSCU X30 40 POWER OFF CMD A/L FL
DSCU X30 47 DSCU: KA1 DC RTN A/L FL
DSCU X30 48 DSCU: Kbl DC RTN A/L FL
DSCU X30 49 DSCU: KB1 DC RTN NL FL

!DSCU X31 1 DSCU: KA3 DC RTN NL FL
DSCU X31 2 DSCU: Kb3 DC RTN A/I. FL
DSCU X31 3 DSCU: KB3DC RTN A/L FL
DSCU IX31 7 CAPTURE IND NL FL
DSCU _X31 8 ICAPTUREIND A/L FL
DSCU X31 9 !CAPTUREIND A/L FL
DSCU X31 34 APDS ClRC PROT OFF CMD A/L FL
DSCU X31 35 APOS CIRC PROT OFF CMD A/I_FL
DSCU X31 36 APE,S CIRC PROT OFF CMD A/I. FL
DSCU X31 38 UNDOCKING CMD A/L FL
DSCU X31 39 UNDOCKING CMD A/L FL
DSCU X31 40 UNDOCKING CMD A/L FL
DSCU )(31 47 APDS C.P. OFFAJNDCKCMD RTN A/I. FL
DSCU X31 48 APDS C.P. OFFAJNDCKCMD RTN A/L FL
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Table 30.C. DSCU Pin Assignments (continued)

PALLET

BOX CONN PIN FUNCTION TYPE
DSCU X31 49 APDS C.P. OFFAJNDCKCMD RTN AlL FL
DSCU X32 1 DSCU: CA1 DC RTN AlL FL
DSCU X32 2 DSCU: Cbl DC RTN AlL FL
DSCU X32 3 DSCU: CB1 DC RTN AlL FL
C)SCU )(32 4 RING INITIAL POSITION IND AlL FL
DSCU X32 5 RING INITIAL POSITION IND AlL FL
IDSCU )(32 6 RING INITIAL POSITION IND AlL FL
IDSCU )(32 7 RING FINAL POSITION IND AlL FL
IDSCU )(32 8 RING FINAL POSITION IND AlL FL
DSCU Y_32 9 RING FINAL POSITION IND AlL FL
DSCU IX32 10 FIXERS OFF IND AlL FL
DSCU IX32 11 IFIXERS OFF IND AlL FL
DSCU IX52 12 !FIXERS OFF IND AlL FL
DSCU :X32 13 _LATGHESOPEN IND AlL FL
DSCU 'X32 14 LATCHES OPEN IND AlL FL
DSCU X32 15 LATCHES OPEN IND A/L FL
DSCU X32 16 LATCHES CLOSED IND A/L FL
DSCU X32 17 LATCHES CLOSED IND AlL FL
DSCU X32 18 LATCHES CLOSED IND AlL FL
DSCU X32 19 GRP 1 HKS OPEN IND AlL FL
DSCU X52 20 GRP 1 HKS OPEN IND AlL FL
DSCU X32 21 GRP 1 HKS OPEN IND AlL FL
DSCU X32 22 GRP 1 HKS CLOSED IND AlL FL
DSCU X32 23 GRP 1 HKSCLOSED IND Aft. FL
DSCU X32 24 GRP 1 HKSCLOSED IND AlL FL
DSCU )(32 25 GRP 2 HKSOPEN IND AlL FL
DSCU X32 25 GRP 2 HKSOPEN IND AlL FL
DSCU X32 27 GRP 2 HKSOPEN IND AlL FL
DSCU X32 28 GRP 2 HKSCLOSED IND AlL FL
DSCU X52 29 GRP 2 HKSCLOSED IND AlL FL
DSCU X32 30 GRP 2 HKSCLOSED IND AlL FL
DSCU X32 31 DSCU: CA2 DC RTN AlL FL
DSCU X32 32 DSCU: Cb2 DC RTN AlL FL
DSCU X32 33 DSCU: CB2 DC RTN AlL FL
DSCU X32 34 RING FORWARDPOSITION IND AlL FL
DSCU X32 35 RING FORWARDPOSITION IND AlL FL
DSCU )(32 36 RING FORWARD POSITION IND AlL FL
DSCU X32 37 RING ALIGNED IND AlL FL
DSCU X32 38 RING ALIGNED IND AlL FL
DSCU X32 39 RING ALIGNED IND AlL FL
DSCU X32 46 READYTO HOOK IND AlL FL
DSCU X32 47 READYTO HOOK IND AlL FL
DSCU X32 48 READYTO HOOK IND AlL FL
DSCU X32 49 INnEr-<FACESEALED IND AlL FL
DSCU X32 50 INTERFACE SEALED IND AlL FL
DSCU X32 51 IN3EI_FACESEALED IND A/L FL
DSCU X32 52 INITIALCONTACT IND AlL FL
DSCU )(32 53 INITIAL CONTACT IND AlL FL
DSCU X52 54 INITIAL CONTACT IND AlL FL
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Table 30-C. DSCU Pin Assignments (continued)

PALLET
PIN FUNCTION TYPE
55 POWER ON IND A/L FL
56 POWER ON IND A/L FL
57 POWER ON IND A/L FL
66 DSCU: CA3 DC RTN A/L FL
67 DSCU: Cb3 DC RTN A/I_FL
68 UNDOCKING COMPLETE IND A/L FL
69 UNDOCKING COMPLETE IND AJLFL
70 APDS ClRC PROT OFF IND A/I. FL
71 APDSClRC PROT OFF IND A/L FL
1 RING OUT CMD UP

.)10 3 RING OUT STOP CMD I/P
4 RING OUT STOP CMD i/P

-)10 5 RING OUT CMD I/P
6 IRING OUT CMD I/P
8 iRING IN CMD UP
10 :RINGOUT SlOP CMD I/P

!10 11 DC RTN up
13 DC RTN JPR IP
14 RING IN CMD I/P

!10 15 RING IN CMD I/P
16 SLIP CLUTCH FINAL POS (1) A/L FL
17 RING IN STOP CMD I/P
18 ,DC RTN JPR UP

!10 20 iACTUAT OF DCKNG RING DRV UP
21 4SUP CLUTCH FINAL POS (2) A/L FL

'10 22 SLIP CLUTCH INITIAL POS (1) A/L FL
110 23 'SLIP CLUTCH INITIAL POS (2) A/L FL

24 IRING IN STOP CMD I/P
:10 25 RING IN STOP CMD I/P
:10 26 _P.S. TO SUP CLUTCH MTR (M10) A/L FL
10 27 'P.S. TO SLIP CLUTCH MTR (M10) A/L FL

28 P.S. TO SLIP CLUTCH MTR (Mll) A/L FL
10 29 IP.S.TO SUP CLUTCH MTR (Mll) A/LFL
10 30 IP.S. TO SLIP CLUTCH MTR (M10) A/LFL
10 31 P.S. TO SLIP CLUTCH MTR (M10) A/L FL
10 32 P.S. TO SLIP CLUTCH MTR (Mll) /VLFL
10 33 P.S. TO SLIP CLUTCH MTR (Mll) A/LFL
10 34 RING FORWARD POSITION A/L FL
10 36 RING FINAL POSITION A/L FL
10 37 RING FINAL POSITION A/L FL
10 39 CONTROL SENSOR RETURN A/L FL
10 39 CONTROL SENSOR HE;URN A/L FL
10 39 CONTROL SENSOR RETURN A/L FL
10 40 CONTROL SENSOR RETURN A/L FL
10 40 CONTROL SENSOR RETURN A/LFL
10 41 RING FORWARD POSITION A/L FL
10 45 CONTROL SENSOR RETURN A/L FL
t0 45 CONTROL SENSOR RETURN A/L FL
10 45 CONTROL SENSOR _r._URN A/L FL

I
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Table 30-C. DSCU Pin Assignments (continued)

PALLET

BOX CONN PIN FUNCTION TYPE
rDSCU )(210 46 CONTROLSENSOR RETURN A/L FL
IDSCU >(210 46 CONTROLSENSOR RETURN A/L FL
DSCU IX210 46 CONTROLSENSOR RETURN A/L FL
DSCU IX210 48 RING INITIAL POSITION A/L FL
DSCU :X210 49 RING INITIAL POSITION /VL FL
DSCU X211 1 ICLOSE LATCHES CMD I/P
DSCU X211 2 CLOSE LATCHES CMD I/P
DSCU X211 4 CLOSE LATCHES CMD I/P
DSCU X211 5 OPEN LATCHES CMD i/P
DSCU X211 8 CAPTURE LATCH IND I/P
DSCU X211 9 LATCH POS IND I/P
DSCU X211 10 OPEN LATCHES CMD i/P
DSCU X211 14 ACTUAT OF CAPT LATCH DRV I/P
DSCU X211 15 LATCH POS IND I/P
DSCU X211 16 OPEN LATCHES CMD I/P
DSCU X211 21 LATCH POS IND I/P
DSCU X211 24 LATCH POS IND I/P
DSCU X211 25 RING IN LOGIC CK'F I/P
DSCU X211 26 LATCH POS IND I/P
DSCU X211 28 LATCH POS IND I/P
DSCU X211 29 RING IN LOGIC CKT I/P
DSCU X211 30 RING IN LOGIC CKT I/P
DSCU X212 1 GRP 1 HKS CLOSE B2B
DSCU X212 2 GRP 1 HKS CLOSE B2B
DSCU X212 4 GRP 2 HKS CLOSE B2B
DSCU X212 5 GRP 2 HKS CLOSE B2B
DSCU X212 6 RING ALIGNED A/L FL

IDSCU X212 7 RING ALIGNED A/L FL
IDSCU X212 8 CAPTURE (SHORT) /VL FL
IDSCU )(212 9 CAPTURE (SHORT) A/L FL
DSCU X212 10 CAPTURE (LONG) A/L FL
IDSCU X212 11 CAPTURE (LONG) A/L FL
IDSCU X212 12 READY TO HOOK A/L FL
!DSCU X212 13 READY TO HOOK A/L FL
IDSCU )(212 16 GROUP 1 HOOKS IN-BETWEEN A/L FL
DSCU X212 17 GROUP 1 HOOKS IN-BETWEEN A/L FL
DSCU )(212 18 GROUP 2 HOOKS IN-BETWEEN A/L FL
DSCU )(212 19 GROUP2 HOOKS IN-BETWEEN A/L FL
DSCU )(212 20 INITIAL CONTACT A/L FL
DSCU )(212 21 INITIAL CONTACT A/L FL
DSCU _212 26 UNDOCK COMPIJ=I _ A/L FL
DSCU K212 27 UNDOCK COMPLE'II= A/L FL
DSCU X212 32 INI I:I'(FACE SEALED A/LFL
DSCU K212 33 INi _-HFACESEALED A/LFL
DSCU IX212 40 IINI k:_FACE SEALED A/L FL
DSCU )(213 1 IFIXER1 (-) A/L FL
DSCU IX213 2 IFIXER1 (-) A/L FL
DSCU IX213 3 IFIXER 2 (-) A/L FL
DSCU IX213 4 IFIXER2 (-) A/L FL
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Table 30-C, DSCU Pin Assignments (continued)

PALLET

BOX ICONN PIN FUNCTION TYPE
DSCU I)(213 5 FIXER 3 (-) A/L FL
DSCU X213 6 FIXER 3 (-) A/L FL
DSCU X213 7 IFIXER4 (-) A/L FL
DSCU X213 8 FIXER 4 (-) A/L FL
DSCU X213 9 FIXER 5 (-) A/L FL
DSCU X213 10 FIXERS(-) A/LFL
DSCU X213 11 FIXER 1 (-) A/L FL
DSCU ;<213 12 FIXER 1 (-) A/L FL
DSCU X213 13 FIXER 2 (-) A/L FL
DSCU X213 14 FIXER 2 (-) A/L FL
DSCU )(213 15 FIXER 3 (-) A/I. FL
FDSCUx213 16 FIXER 3 (-) A/L FL
!DSCU )(213 17 FIXER 4 (-) A/LFL
DSCU IX213 18 FIXER 4 (-) A/LFL
DSCU X213 19 IFIXER5 (-) A/L FL
DSCU X213 20 IFIXER5 (-) A/L FL
DSCU X213 21 HI/LO - ENERGY DAMPERS 1 (-) A/L FL
DSCU X213 22 HI/LO - ENERGY DAMPERS 1 (-) A/I. FL
DSCU X213 23 HI/LO - ENERGY DAMPERS 2 (-)** A/LFL
DSCU X213 24 HI/LO- ENERGY DAMPERS 2 (-)*" A/L FL
DSCU X213 25 HI/LO- ENERGY DAMPERS 3 (.)'* A/LFL
DSCU X213 33 HI/LO* ENERGY DAMPERS 3 (-)" A/L FL
DSCU X213 34 FIXER 1 (+) A/L FL
DSCU X213 35 FIXER 1 (+) A/L FL
DSCU X213 36 FIXER 2 (+) A/LFL
DSCU X213 37 FIXER 2 (+) A/L FL
!DSCU )(213 38 FIXER 3 (+) NL FL
DSCU X213 39 FIXER 3 (+) A/L FL
DSCU )(213 41 FIXER 4 (+) A/L FL
DSCU I)(213 42 FIXER 4 (+) NL FL
DSCU !X213 43 FIXER 5 (+) A/L FL
DSCU X213 44 IFIXER5 (+) A/L FL
DSCU X213 45 HI/LO - ENERGY DAMPERS 1 (+) A/L FL
DSCU X213 46 HI/LO - ENERGY DAMPERS 1 (+) A/L FL
DSCU X213 47 HI/LO - ENERGY DAMPERS 2 (+)** A/L FL
DSCU X213 48 HULO- ENERGY DAMPERS 2 (+)*" A/L FL
DSCU X213 49 HI/LO - ENERGY DAMPERS 3 (+)" A/L FL
DSCU X213 50 HI/LO- ENERGY DAMPERS 3 (+)-- A/LFL
DSCU X214 1 GRP 1 HKS OPEN CMD B2B
DSCU X214 2 GRP 2 HKS OPEN CMD B2B
DSCU X214 4 GRP 1 HKS CLOSE CMD B2B
DSCU X214 5 GRP 1 HKS OPEN CMD B2B
DSCU )(214 6 GRP 1 HKS OPEN CMD R;)R
C)SCU )(214 7 GRP 2 HKS OPEN CMD R_R
:)SCU )(214 8 GRP 2 HKS OPEN CMD R_n
:)SCU >(214 9 GRP 1 HKS CLOSE CMD R_R
:)SCU YO.14 10 GRP 1 HKS CLOSE CMD R_R
:)SCU IX214 11 GRP2 HKS CLOSE CMD B2B
)SCU X214 18 IGRP2 HKS CLOSE CMD R_R

I
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Table 30-C. DSCU Pin Assignments (continued)

PALLET

BOX CONN PIN FUNCTION TYPE
DSCU )(214 19 GRP 2 HKS CLOSE CMD B2B
DSCU X214 24 GRP 1 HKS CLOSE B2B
DSCU X2t4 25 GRP 1 HKS CLOSE B2B
C)SCU X214 26 GRP 2 HKS CLOSE B2B
DSCU X214 27 GRP 2 HKS CLOSE B2B
IDSCU X214 32 GRP 2 HKS OPEN B2B
IDSCU )(214 33 GRP 1 HKS CLOSE B2B
IDSCU )(214 34 GRP2 HKS CLOSE B2B
DSCU )(214 35 GRP 1 HKS OPEN B2B
DSCU IX2.14 36 _RP 1 HKS LOGIC CKT B2B
DSCU >C214 38 GRP2 HK,S LOGIC CKT B2B
DSCU IX214 39 IGRP2 HKS OPEN B2B
DSCU ;X214 41 IGRP 1 HK8 OPEN B2B
DSCU X214 43 GRP 1 HKS LOGIC CKT B2B
DSCU X214 44 ACTUAT OF HKS NO. 1 DRV B2B
DSCU X214 45 GRP 1 HKS LOGIC CKT B2B
DSCU X214 48 GRP 2 HKS LOGIC CKT B2B
DSCU X214 49 GRP 2 HKS LOGIC CKT B2B
DSCU X214 50 ACTUAT OF HK_ NO. 2 DRV B2B
DSCU X218 1 DC RTN B2B
DSCU X218 4 DC RTN B2B
DSCU X218 6 DC RTN B2B
DSCU X218 8 DC RTN B2B
DSCU X218 10 DC RTN B2B
DSCU X218 11 DC RTN B2B
DSCU X218 12 DC RTN B2B
DSCU X218 13 DC RTN B2B
DSCU X218 14 DC RTN B2B
DSCU X218 15 DC RTN B2B
DSCU X218 16 DC RTN B2B
DSCU X218 17 DC RTN I/P
DSCU X218 26 DC BUS B2B
DSCU X218 32 DC BUS B2B
DSCU X218 34 DC BUS B2B
DSCU X218 36 DC BUS B2B
DSCU X218 37 DC BUS B2B
DSCU X218 38 DC BUS B2B
DSCU X218 39 DC BUS B2B
DSCU X218 41 DC BUS B2B
DSCU X218 43 DC BUS B2B
DSCU X218 44 DC BUS B2B
DSCU X218 45 DC BUS B2B
DSCU X218 47 DC BUS B2B
DSCU X218 48 DC BUS B2B
DSCU X218 50 DC BUS B2B
DSCU X21g 5 ACTUAT OF DCKNG RING DRV I/P
DSCU X219 6 ACTUAT OF HKS NO. 1 DRV I/P
DSCU X219 g ACTUAT OF HKS NO. 2 DRV I/P
DSCU X21g 10 ACTUAT OF CAPT LATCH DRV I/P
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Table 30-C. DSCU Pin Assignments (continued)
PALLET

BOX CONN PIN FUNCTION TYPE
'DSCU >C219 11 CAPTURE I/P
DSCU IX219 12 APDSCIRC PROT OFF I/P
'DSCU X219 15 DC RTN I/P
DSCU X219 16 FIXER ACTUATION I/P
DSCU X219 20 INITIAL CONTACT IND I/P
DSCU X219 21 RING ALIGNMENT IND I/P
DSCU X219 25 DC RTN I/P
DSCU X219 30 ELEC_OMAG BRAKEACTIV I/P

!DSCU Y,2.20 1 POWER ON/OFF CNTRL CK'r B2B
DSCU IX220 2 IPOWER ON/OFF CNTRL CKT B2B
DSCU X220 4 POWER ON/OFF CNTRL CKT R;)R
DSCU X220 5 POWER ON/OFF CNTRL CKT R:)R
DSCU X220 7 POWER ON/OFF CNTRL CKT R;,R
DSCU X220 8 POWER ON/OFF CNTRL CKT R_R
DSCU X220 9 POWER ON/OFF CNTRL CKT B2B
DSCU X220 10 POWER ON/OFF CNTRL CKT B2B
DSCU X220 11 POWER ON/OFF CNTRL CK'r B2B
[3SCU Y_.20 23 POWER ON/OFF CNTRL CKT B2B
'DSCU _.20 25 POWERON/OFF CNTRL CKT B2B
DSCU X220 26 POWERON/OFF CNTRL CKT B2B
DSCU X220 27 POWER ON/OFF CNTRL CKT R_)R
DSCU X220 28 POWER ON/OFF CNTRL CKT R_R
DSCU X220 30 POWER ON/OFF CNTRL CKT R_R

DSCU X221 1 i _-__ A/L FL
DSCU X221 2 TEST NL FL
DSCU X221 3 TEST A/L FL
DSCU X221 4 TEST A/L FL
DSCU X22.1 5 TEST A/L FL
DSCU Y,221 6 TEST /VL FL
DSCU IX221 7 rTEST A/L FL
DSCU X221 8 TEST A/L FL
DSCU X221 9 TEST A/L FL
DSCU X221 10 i P,._! /VL FL
DSCU X221 11 ' _'_' A/L FL
DSCU X221 12 ,I:::ST A/L.FL
DSCU X221 13 TEST A/L FL
DSCU X221 14 TEST A/L FL
:3SCU X221 15 TEST A/L FL
:)SCU YO.21 16 TEST A/L FL
_)SCU !X221 17 TEST A/L FL
:)SCU X2.21 18 'TEST A/L FL
:)SCU X221 19 TEST A/L FL
:)SCU X221 20 TEST A/I. FL
:)SCU X221 21 I _-_r A/L FL
)SCU X221 22 , _-_T A/L FL
)SCU X221 23 I=-_T A/L FL
)SCU X221 24 TEST A/L FL
)SCU X221 25 TEST A/L FL
)SCU X221 26 TEST A/L FL
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I Table 30-C. DSCU Pin Assignments (continued)

PALLET

BOX CONN PIN FUNCTION TYPE
DSCU X221 30 TEST AJLFL
DSCU X221 31 TEST A/L FL
DSCU X221 32 TEST A/L FL
DSCU X221 36 I t::51 A/L FL
DSCU X221 37 =_-:5' A/L FL
DSCU X221 38 I t:_l A/L FL
DSCU X221 39 TE:ST A/L FL
DSCU X221 40 T_:_T A/L FL
DSCU X221 41 TEST A/L FL
DSCU X221 42 TEST A/L FL
DSCU X221 43 TEST A/L FL
DSCU X22.1 44 TEST A/L FL
DSCU X221 45 TEST A/L FL
DSCU X221 46 TEST A/L FL
IDSCU X221 60 TEST A/L FL
iDSCU )(221 61 TEST A/L FL
DSCU )(221 63 I1=_1 A/L FL
DSCU )(221 64 TEST A/L FL
DSCU IX221 65 TEST A/L FL
DSCU IX221 66 TEST /VL FL
DSCU IX221 67 ITEST A/L FL
DSCU _X221 68 !TEST A/L FL
DSCU :X224 1 TEST A/L FL
DSCU X224 2 TEST A/L FL
DSCU X224 3 TEST A/L FL
DSCU X224 4 TEST A/l_FL
DSCU X224 5 TEST NL FL
DSCU X224 6 TEST A/L FL
DSCU X224 7 TEST A/L FL
DSCU X224 8 TEST A/L FL
DSCU X224 9 TEST A/L FL
DSCU X224 10 TEST A/L FL
DSCU X224 11 TEST A/L FL
DSCU X224 12 TEST A/L FL
DSCU X224 13 ' _:5] A/L FL
DSCU X224 14 ,1=:51 A/L FL
DSCU X224 15 I _:51 A/L FL
DSCU X224 16 I _:51 A/L FL
DSCU X224 17 Ik_l A/L FL
DSCU X224 18 , =:51 A/L FL
DSCU X224 23 ' P-:5] A/L FL
DSCU X224 24 , I=_, A/L FL
DSCU X224 25 ' _:5' /VL FL
DSCU X224 26 _=_t A/L FL
DSCU X224 27 TEST A/L FL
DSCU X224 28 TEST /VL FL
DSCU X224 29 TEST A/L FL
DSCU X224 30 TEST A/L FL
DSCU X224 31 TEST A/L FL
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Table 30-C. DSCU Pin Assignments (concluded)
PALLET

BOX ICONN PIN FUNCTION TYPE
DSCU X224 32 TEST AlL FL
DSCU X2.24 33 TEST AlL FL
DSCU X224 34 I1=_I AlL FL
DSCU X224 35 I _T AlL FL
DSCU X224 37 TEST AlL FL

'DSCU X224 38 TEST AlL FL
DSCU Y_.24 39 TEST AlL FL
DSCU X224 40 TEST AlL FL
DSCU X224 41 TEST AlL FL
DSCU X224 42 TEST NL FL
DSCU X224 43 TEST AlL FL
DSCU X224 44 I =_1 AlL FL
DSCU X224 45 I t=_ST AlL FL
DSCU X224 46 TEST AlL FL
DSCU X224 47 TEST AlL FL
DSCU )C224 48 TEST AlL FL
DSCU IX224 49 TEST AlL FL
DSCU X224 50 TEST AlL FL
DSCU X224 51 ITEST AlL FL
DSCU X224 52 TEST AlL FL
DSCU X224 53 TEST AlL FL
DSCU X224 54 i P...,_l AlL FL
DSCU X224 55 i_l AlL FL
DSCU X224 56 i _r Aft. FL
DSCU X224 57 TEST AlL FL

I
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Figure 30-D - Rewire Diagram of Hooks Closed Sensor Relays I
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Appendix IV

40. POWER SWITCHING UNIT

40.1 SCOPE

This appendix defines the detailedrequirementsfor the PowerSwitchingUnit(PSU).

40.2 APPLICABLE DOCUMENTS

N/A

40.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

40.3.1 Item Definition

The Power SwitchingUnitshallconsistof powerConditioning,powerprotection,power
switchingfunctions,to providemeansto providepowerto theAPDS boxes.

40.3.1.1 Item Diagram

A functionalblockdiagramof the PowerSwitchingUnit is illustratedin Figure40-A.

40.3.1.2 Interface Definition

The functionaland physicalinterfacerequirementsbetween the PowerSwitchingUnit, other
APDS boxesand the OrbiterAvionicsare definedin the followingparagraphs.

40.3.1.2.1 ElectricalPowerCharacteristics

The electricalpower characteristicsshallbe in accordancewith the requirementsspecifiedin3.1.2.1 of the basicspecification.

40.3.1.2.2 Mechanical Characteristics.

40.3.1.2.2.1 Mounting

Provisionsfor mountingthe PowerSwitchingUnitshallbe as shownin Figure40-B.

40.3.1.2.2.2 Connectors

The Power SwitchingUnit shall have connectorslocatedas shown in Figure40-B, with pinassignmentsas shown inTable 40-C.
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40.3.1.3 Item Identification

The PowerSwitchingUnit shallbe identifiedas follows:

Buyer Seller Traceability Maintenance
Nomenclature ControlNo. Part No. Classification Level

PSU MC621-0087-2003 33U.5114.007-02 Ts LRU

40.3.2 Characteristics.

40.3.2.1 Performance Characteristics

The PSU shallprovidethe meansto performthe functionsallocatedto it, in concertwith the
otheravionicsLRUsprovidedbythe Seller, to achieve optimalmatingand dematingof the ISS
with the Orbiter.hormone

40.3.2.1.1 Life

The requirementsin3.2.1.1 of the basicspecificationapply.

40.3.2.1.1.1 DesignApproach

The requirements in3.2.1.2 of the basicspecificationapply.Specificchanges to the existing
PSU designare identifiedas follows.

40.3.2.1.1.2 Telemet_ Return BussCircuit

PSU wiringshall be revised by eliminatingrelaycontactsK12, K14, and K16 and connecting
telemet_ retumbussesVT1 andVT2 directlyto returnbusses-CWl and -CW2. This is
depictedin Figure40-D.

40.3.2.1.1.3 SignalCharacteristics

Characteristicsof signalsuniqueto the PowerSwitchingUnitare as follows:

TBS

40.3.2.2 Physical Characteristics

40.3.2.2.1 Envelope

The PowerSwitchingUnit shallhave an envelopedefinedinFigure40-B.

40.3.2.2.2 Weight

The weightof the Power SwitchingUnit shallnotexceed 5.3 Ibs.

40.3.2.3 Reliability

The requirementsof 3.2.3 of the basicspecificationapply.
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40.3.2.4 Environment

The requirementsof 3.2.5.1.2 and 3.2.5.2.2 of the basicspecificationapply.

40.3.2.5 Transportability

The requirementsof 3.2.6 of the basicspecificationapply.

40.3.3 Design and Construction

The requirementsof 3.3 of the basicspecificationapply,exceptthat the followingparagraphtakes precedenceover 3.3.3.2.1.

40.3.3.1 Power Consumption

Powerconsumedby the PSU shallnotexceed 5.4 watts.

40.4 QUALITY ASSURANCE PROVISIONS.

40.4.1 General Requirements

The requirementsof 4.1 of the basicspecificationapply.

40.4.2 Quality Conformance

40.4.2.1 Development

The requirementsin4.2.1 of the basicspecificationapply.

40.4.2.2 Acceptance

Acceptance testsand inspectionsshallbe performedon the PSU, to be employedon the
deliveredunitsto the Buyer. The minimumnumberof tests and inspections,and the sequence
thereof shallbe as specifiedinTable 40-A. The Sellershallperformany other test deemed
necessary, subjectto approvalof the Buyer.

I
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Table 40-A. Acceptance Requirements

ParagraphListedin
Inspection& Test RecommendedSequence

Examinationof Product 40.4.2.2.1

Functional& PerformanceTest 40.4.2.2.2

InsulationResistanceTest 40.4.2.2.2.1

DielectricStrengthTest 40.4.2.2.2.2

AcceptanceVibrationTest 40.4.2.2.3

AcceptanceThermalTest 40.4.2.2.4

AcceptanceHumidityTest 40.4.2.2.5
Functional& Performance 40.4.2.2.2
Recheck

40.4.2.2.1 Examinationof Product

The requirementsin4.2.2.1 of the basicspecificationapply.

40.4.2.2.2 Functionaland PerformanceTests

The requirementsin 4.2.2.2 of the basicspecificationapply.

40.4.2.2.2.1 InsulationResistanceTest

The requirementsin 4.2.2.2.1 of the basicspecificationapply.

40.4.2.2.2.2 DielectricStrengthTest

The requirementsin 4.2.2.2.2 of the basicspecificationapply.

40.4.2.2.3 AcceptanceVibrationTest (AVT)

The requirementsin 4.2.2.3 of the basicspecificationapply.

40.4.2.2.4 AcceptanceThermalTest (AI"I')

The requirementsof 4.2.2.4 of thebasic specificationapply,exceptthat the PSU shallbe
exposedto the maximumand minimumoperatingtemperaturesfora durationnot lessthan 3
hours. Rate of change shallnotexceed 240 "F (133.3 °C) per hour,nor be less than 60 "F
(33.3 °C) per hour.The thermalexposuremay be performedby cyclingfrom one extremeto the
other,or byseparate tests with a performancetest betweenexposures.

40.4.2.2.5 AcceptanceHumidityTest

The requirementsin4.2.2.5 of the basicspecificationapply.

40.4.2.3 Assessment
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The requirements in 4.2.3 of the basicspecificationapply.

40.4.2.3.1 Reliability

The requirementsin4.2.3.1 of the basicspecificationapply.

40.4.2.3.2 Materialsand Processes

The requirementsin4.2.3.2 of thebasicspecificationapply.

40.4.2.3.3 Parts Standardization

The requirementsin 4.2.3.3 of the basicspecificationapply.

40.4.2.3.4 ElectricalDesignRequirements

The requirementsin4.2.3.4 of the basicspecificationapply.

40.4.2.3.5 InterchangeabUity

The requirements in4.2.3.5 of the basicspecificationapply.

40.4.2.3.6 Human Performance/HumanEngineering

The requirementsin4.2.3.6 of the basicspecificationapply.

40.4.2.3.7 Safety

The requirementsin4.2.3.7 of the basicspecificationapply.

40.4.2.3.8 Identificationand Marking

The requirementsin4.2.3.8 of the basicspecificationapply.

40.4.2.4 Certification

The requirementsin 4.2.4 of the basicspecificationapply.

40.4.2.4.1 QualificationTests

Qualificationtestingperformedto satisfythe requirementsspecifiedin the performanceand
designverificationmatrixof Section4, Table V shall be inconformancewiththe requirementsof
thisparagraph. Qualificationtestspecimensshallbe subjectedto the testsspecifiedin Table40-B.
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Table 40-B. Qualification Requirements

Test sequence Paragraph

AcceptanceTest 40.4.2.2

PerformanceTest 40.4.2.4.1.2

TransportationTest 40.4.2.4.1.11

PowerTest 40.4,2.4.1.7

Vibration 40.4.2.4.1.4

Shock 40.4.2.4.1.6

Acceleration 40.4.2.4.1.5

Thermal VacuumTest 40.4.2.4.1.10

QualificationHumidityTest 40.4.2.4.1.3

* EMC Test 40.4.2.4,1.9

Life Test 40.4.2.4.1.12

FinalPerformanceTest 40.4.2.4.1.2

* Test and analysiswillbe conductedand
documentedby Buyer.

40.4.2.4.1.1 Test Hardware

Qualificationtest hardwareshall be of the same configurationas flighthardware.

40.4.2.4.1.2 Performance Requirements

The requirementsin 4.2.4.1.2 of the basicspecificationapply.

40.4.2.4.1.3 QualificationHumidityTest

The requirementsin 4.2.4.1.3 of the basicspecificationapply.

,40.4.2.4.1.4 Vibration.

,40.4.2.4.1.4.1 Qualification - Acceptance Vibration Test (QAVT)

'Therequirements in 4.2.4.1.4.1 of the basic specificationapply.

40.4.2.4.1.5 Acceleration

The requirements in 4.2.4.1.5 of the basic specification apply.

40.4.2.4.1.6 Shock

"rhe requirements in 4.2.4.1.6 of the basicspecification apply.
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40.4.2.4.1.7 PowerTest

The requirementsin4.2.4.1.7 of the basicspecificationapply. Powertestsmay be verified as
part of the Functional/Performancetests.

40.4.2.4.1.8 Lightning

The requirementsin 4.2.4.2.12 of the basicspecificationapply.

40.4.2.4.1.9 ElectromagneticCompatibilityTests

The requirementsin4.2.4.1.9 of the basicspecificationapply.

40.4.2.4.1.10 Thermal VacuumTest

The requirementsin4.2.4.1.10 of the basicspecificationapplyexceptthat the firstfour cycles
are performedat ambientpressure,and circuitmonitoringmay be limiteddue to operatinglifeof PSU.

40,4.2,4.1.11 TransportationTest

The requirements in4.2.4.1.11 of the basicspecificationapply.

40.4.2.411.12 OperatingLife Test

The requirementsin4.2.4.1.12 of the basicspecificationapply.

40.4.2.4.2 Certification By Analysis

The requirements in 4.2.4.2 of the basic specification apply.

40.4.2.4.2.1 StoragelOperating Life

The requirements in 4.2.4.2.1 of the basic specification apply.

40.4.2.4.2.2 Physical Characteristics

The requirements in 4.2.4.2.2 of the basic specification apply.

40.4.2.4.2.3 Reliability

The requirements in 4.2.4.2.3 of the basic specification apply.

40.4.2.4.2.4 Salt Fog

The requirements in 4.2.4.2.4 of the basic specification apply.

40.4.2.4.2.5 Ozone

The requirements in 4.2.4.2.5 of the basic specification apply.
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Figure 40-B. OSU Mounting and Connectors Location Diagram (1 of 2)
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Figure 40-B. PSU Mounting and Connectors Location Diagram (2 of 2)
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40.4.2.4.2.6 Fungus

'Therequirementsin4.2.4.2.6 of the basicspecificationapply.

40.4.2.4.2.7 Materialsand Processes

"the requirementsin4.2.4.2.7 of the basicspecificationapply.

40.4.2.4.2.8 ElectromagneticCompatibility

"i'herequirementsin4.2.4.2.8 of the basicspecificationapply.

40.4.2.4.2.9 ElectricalDesignRequirements

"('herequirementsin4.2.4.2.9 of the basicspecificationapply.

_10.4.2.4.2.10 Safety

"]'herequirementsin4.2.4.2.10 of the basicspecificationapply.

z0.4.2.4.2.11 Sand and Dust

"lhe requirementsin4.2.4.2.11 of the basicspecificationapply.

4.0.4.2.4.2.12 Certificationby Other Test Data

The requirementsin4.2.4.2.12 of the basicspecificationapply.

4.0.4.2.5 Verification Requirements Matrices

]he requirementsin4.2.5 of the basicspecificati°napply.

4.0.5 PREPARATION FOR DELIVERY

The requirementsin Section5 of the basicspecificationapply.

I
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Figure 40-.4. A functional block diagram of the PSU
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_26938

Table 40-C. Connector and Pin Assignments,
Power Switching Unit (continued)

I'ALL--F]" ]

BOX ICONN ] PIN FUNCTION TYPE
PSU X253 13 DC BUS liP
PSU X253 14 DC BUS I/P
PSU IX2.53 15 DC BUS I/P
PSU IX253 17 DC BUS B2B
PSU X253 20 DC BUS B2B
PSU X253 21 DC BUS I/P
PSU JX253 22 DC BUS I/P
:_SU X253 23 DC BUS I/P
PSU X253 25 DC BUS B2B
PSU X253 26 DC BUS B2B
PSU X253 27 DCBUS B2B
PSU X253 32 DC BUS B2B
PSU X253 33 DC BUS B2B
PSU X253 34 DC BUS B2B
PSU X253 35 DC BUS R:)n
_SU X253 43 DC BUS R:_R
PSU X253 44 DC BUS B2B
PSU :X253 45 DC BUS B2B
PSU X253 46 DC BUS liP
PSU X253 47 IDC BUS B2B
PSU X253 48 DC BUS I/P
PSU X253 I 49 DC BUS B2B
PSU X253 50 DC BUS liP
PSU X.254 1 POWER ON/OFF CNTRL CKT R_R
PSU )(254 2 POWER ON/OFF CNTRL CKT B2B
PSU )(254 4 POWER ON/OFF CNTRL CKT B2B
PSU X2,54 7 POWER ON/OFF CNTRL CKT B2B
PSU X254 8 APDSPWR DIS I _IB CK'T JP (RSC-E

PSU X_._54_ 9 'POWER ON/OFF CNTRL CK-r" B2B
PSU 10 POWER ON/OFF CNTRL CKT B2B

PSU X_._54_ , 13 POWER ON/OFF CNTRL CK.r. B2B
PSU 14 APDS PWR DISTRIB CKT JP (RSC-E)
PSU X254 15 APDS PWR DISTRIB CKT JP (RSC.-E)

,PSU X254 17 POWER ON/OFF CNTRL CKT B2B

PSU )(254 18 APDS PWR Di:_ h:lBCKT JP (RSC-E)
'IsSU K254 20 POWER ON/OFF CNTRL CKT B2B
PSU X254 21 POWER ON/OFF CNTRL CKT B2B
PSU X254 22 APDS PWR DIS_f._IBCKT JP (RSC-E)
PSU X254 23 APDS PWR DISTRIB CKT JP (RSC-E)
PSU X254 24 POWER ON/OFF CNTRL CKT R_R
PSU X254 25 POWER ON/OFF CNTRL CKT R:)R

PSU X254 26 APDS PWR DISTRIB CKT JP (RSC-E)
_SU X254 27 APDS PWR DiSTf_IBCKT JP (RSC-E)
_SU X2.54 34 APDS PWR D|S_I_IB CKT JP (RSC-E)
=SU X254 35 APDS PWR DIST_IB CKT JP (RSC-E)
aSU X254 36 APDS PWR DiST_IB CKT JP (RSC-E)
=SU X254 37 APDSPWR DISTRIB CKT JP (RSC-E)
:_SU )(254 41 POWER ON/OFF CNTRL CKT B_R
_SU X254 42 POWER ON/OFF CNTRL CKT R::.R
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Table 40-C. Connector and Pin Assignments,
Power Switching Unit (concluded)

PALLETBOX CONN FUNCTION TYPE
PSU X2.54 42 POWER ON/OFF CNTRL CK'F B2B
P'SU X254 47 POWER ON/OFF CNTRL CK'I" B2B
rPSU )(255 7 DOCKING RING DRV BUS 1 lip
IPSU )(255 11 DOCKING RING DRV BUS 2 liP
PPSU X255 13 HKS DRV BUS NO. 1 lip
_SU X2.55 16 APDS PWR IND CKT I/P
PSU X2.55 17 HKS DRV BUS NO. 2 I/P
PSU X255 19 INSTRUM PWR CK'I" lip
PSU )(255 20 APDS PWR IND CKT lip
PSU X255 24 FIXERS 1 & 2 BUS PWR liP
PSU X255 25 BRAKES1 & 2 BUS PWR lip
IPSU X255 26 BRAKES3 BUS PWR lip
!PSU X2.55 30 FIXERS 3, 4, & 5 BUS PWR liP
IPSU X255 31 INSTRUM PWR CKT liP
PSU X2.55 32 INSTRUM PWR CK'T liP
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Appendix V

50. LATCH ACTUATOR CONTROL UNIT

50.1 SCOPE

Thisappendixdefines the detailedrequirementsfor the Latch ActuatorControlUnit (LACU).

50.2 APPLICABLE DOCUMENTS

N/A

50.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

50.3.1 Item Definition

The LatchActuatorControlUnit shallconsistof an avionicsboxcontaining

A. the circuitryto controlpowerto the three capture-latchmotorsin theAPDA; and

B. the circuitryto processthe signalsfrom the latch-positionsensorsinthe APDA for
transmittalto the DCU indicators.

50.3.1.1 Item Diagram

Figure50-A is a functionalblockdiagramof the LatchActuatorControlUnit.

50.3.1.2 Interface Definition

The functionaland physicalinterface requirementsbetweenthe LatchActuatorControlUnit,
otherEDS boxes,and the OrbiterAvionicsare definedin the followingparagraphs.

50.3.1.2.1 MechanicalCharacteristics.

50.3.1.2.1.1 Mounting

Provisionsfor mountingthe LatchActuatorControlUnit shallbe as shownin Figure50-B.

50.3.1.2.1.2 Connectors

The LatchActuatorControlUnitshallhave connectorslocatedas shownin Figure50-B withpinassignmentsas showninTable 50-C.
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50.3.1.3 Item Identification

"l'heLatch Actuator Control Unit shall be identified as follows:

Buyer Seller Traceability Maintenance

!qomenclature ControlNo. Pa_ No. _ Level

LACU MC621-0087-2004 33U.5212. TBD Ts LRU

50.3.2 Characteristics.

50.3.2.1 Performance Characteristics

The LACUshall

A. providethe logicand switchingto processmomentaryopen-latchand close-latch
commandsfromthe DCP via the DSCU, usingthe latch-positioncommutatorswitchesin the
APDA, to controluni-directionalcurrentto the three capture-latchmotorsinthe APDA;

B. processthe signalsfrom the latch-openand latch-closedsensorsin theAPDA for
transmittalto the DCU indicatorsvia the DSCU;

C. providepowerfor transmittalto the PACU;

D. providea signalfor initiationof automaticringretraction;and

E. providedata on the state of the above operationsfor telemetry.

50.3.2.1.1 Life Requirements

50.3.2.1.2 The DesignApproach

"Therequirementsin 3.2.1.2 of thebasicspecificationapply.Specificchangesto the existing
LACU designare identifiedas follows.

50.3.2.1.2.1 Capture latchlogicBussControl

The wiringof the LACUshall be revisedas depictedinFigure50-D. Capture latch2 willbe
controlledfrom logicchannelsA and C, ratherthan fromchannelsB and C, butwill remain
poweredfrom logicbussB. Capture latch3 willbe controlledfrom logicchannelsA and B,
rather than from channelsB and C, butwill remain poweredfromlogicbussC. Capture latch1
will remaincontrolledand poweredas in theexistingLACUdesign.

50.3.2.1.3 Signal Characteristics

Characteristicsof signalsthat are uniqueto the LatchActuatorControlUnit are as follows:

TBS

I
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50.3.2.2 Physical Characteristics

50.3.2.2.1 Envelope

The Latch Actuator Control Unit shall have an envelope defined in Figure 40-B.

50.3.2.2.2 Weight

The weight of the Latch Actuator Control Unit shall not exceed 3.1 Ibs.

50.3.2.3 Reliability

The requirements of 3.2.3 of the basic specification apply.

50.3.2.4 Environment

The requirements of 3.2.5.1.2 and 3.2.5.2.2 of the basic specification apply.

50.3.2.5 Transportability

The requirements of 3.2.6 of the basic specification apply.

50.3.3 Design and Construction

The requirements of 3.3 of the basic specification apply, except the following paragraph shalltake precedence over 3.3.3.2.1.

50.3.3.1 Power Consumption

Power consumed by the LACUshall not exceed 27 watts.

50.4 QUALITY ASSURANCE PROVISIONS.

50.4.1 General Requirements

The requirementsof 4.1 of the basicspecificationapply.

50.4.2 Quality Conformance

50.4.2.1 Development

The requirementsin4.2.1 of the basicspecificationapply.

50.4.2.2 Acceptance

Acceptancetestsand inspectionsshall be performedon the LACU, to be employedon the
deliveredunitsto the Buyer. The minimumnumberof tests and inspections,and the sequence
thereofshallbe as specifiedinTable 50-A. The Sellershallperformany other testdeemed
necessary, subjectto approvalof the Buyer.
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Table 50-A. Acceptance Requirements

ParagraphListedin
Inspection& Test Recommended

Sequence
Examinationof Prociuct 50.4.2.2.1

Functional& PerformanceTest 50.4.2.2.2

InsulationResistanceTest 50.4.2.2.2.1

DielectricStrengthTest 50.4.2.2.2.2

AcceptanceVibrationTest 50.4.2.2.3

AcceptanceThermal Test 50.4.2.2.4

AcceptanceHumidityTest 50.4.2.2.5

Functional& PerformanceRecheck 50.4.2.2.2

50.4.2.2.1 Examinationof Product

The requirementsin4.2.2.1 of thebasic specificationapply.

,=30.4.2.2.2Functionaland PerformanceTests

"['herequirementsin4.2.2.2 of the basicspecificationapply.

50.4.2.2.2.1 InsulationResistanceTest

"_herequirementsin4.2.2.2.1 of the basicspecificationapply.

50.4.2.2.2.2 DielectricStrengthTest

7"herequirementsin 4.2.2.2.2 of the basicspecificationapply.

50.4.2.2.3 AcceptanceVibrationTest (AV'r)

The requirementsin 4.2.2.3 of the basicspecificationapply.

50.4.2.2.4 AcceptanceThermal Test (A'I'T)

The requirementsin4.2.2.4 of the basicspecificationapply,exceptthe LACU shallbe exposed
to the maximumand minimumoperatingtemperaturesfor a durationof not less than3 hours.
Rate of changeshallnot exceed 240 °F (133.3 °C) per hour,norbe lessthan 60 °F (33.3 °C)
per hour. The thermal exposuremay be performedby cyclingfrom one extremeto theother,or
by separatetestswitha performancetest betweenexposures.

50.4.2.2.5 Acceptance HumidityTest

The requirementsin 4.2.2.5 of the basicspecificationapply.
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50.4.2.3 Assessment

The requirementsin4.2.3 of the basicspecificationapply.

50.4.2.3.1 Reliability

The requirementsin 4.2.3.1 of the basicspecificationapply.

50.4.2.3.2 Materialsand Processes

The requirementsin4.2.3.2 of the basicspecificationapply.

50.4.2.3.3 Parts Standardization

The requirementsin4.2.3.3 of the basicspecificationapply.

50.4.2.3.4 Electrical DesignRequirements

The requirementsin 4.2.3.4 of the basicspecificationapply.

50.4.2.3.5 Interchangeability

The requirementsin4.2.3.5 of the basicspecificationapply.

50.4.2.3.6 Human Performance/HumanEngineering

The requirementsin 4.2.3.6 of the basicspecificationapply.

50.4.2.3.7 Safety

The requirementsin 4.2.3.7 of the basicspecificationapply.

50.4.2.3.8 Identificationand Marking

The requirementsin4.2.3.8 of the basicspecificationapply.

50.4.2.4 Certification

The requirementsin4.2.4 of thebasicspecificationapply.

50.4.2.4.1 QualificationTests

Qualificationtestingperformedto satisfythe requirementsin theperformance and design
verificationmatrixof Section4 (Table V) shallbe in conformancewiththe requirementsof this
paragraph. Qualificationtestspecimensshallbe subjectedto the testsspecifiedinTable50-B.
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Table 50.B. Qualification Requirements

Test sequence Paragraph
AcceptanceTest 50.4.2.2
PerformanceTest 50.4.2.4.1.2
TransportationTest 50.4.2.4.1.11
PowerTest 50.4.2.4.1.7
Vibration 50.4.2.4.1.4
Shock 50.4.2.4.1.6
Acceleration 50.4.2.4.1,5
ThermalVacuumTest 50.4.2.4,1.10
QualificationHumidityTest 50.4.2.4.1.3
* EMC Test 50.4.2.4.1.9

LifeTest 50.4.2.4,1.12
FinalPerformanceTest 50.4.2.4.1.2
* Test and analysiswillbe conductedand documented

by Buyer.

.=;0.4.2.4.1.1Test Hardware

C)ualiflcetiontest hardwareshallbe of thesame configurationas fight hardware.

50.4.2.4.1.2 PerformanceRequirements

The requirementsin 4.2.4.1.2 of the basicspecificationapply.

.=;0.4.2.4.1.3 QualificationHumidityTest

The requirementsin 4.2.4.1.3 of the basicspecificationapply.

50.4.2.4.1.4 Vibration.

.=i0.4.2.4.1.4.1 Qualification- AcceptanceVibrationTest (QAVT)

"l'herequirementsin 4.2.4.1.4.1 of the basicspecificationapply.

.=i0.4.2.4.1.5 Acceleration

The requirementsin 4.2.4.1.5 of the basicspecificationapply.

.=i0.4.2.4.1.6 Shock

"]'herequirementsin 4.2.4.1.6 of thebasicspecificationapply.

.=i0.4.2.4.1.7 PowerTest

"l'herequirementsin 4,2.4.1.7 of the basicspecificationapply. Powertestsmay be verifiedas
partof the Functional/Performancetests,
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50.4.2.4.1.8 Lightning

The requirementsin4.2.4.2.12 of the basicspecificationapply.

50.4.2,4.1.9 ElectromagneticCompatibilityTests

The requirementsin4.2.4.1.9 of the basicspecificationapply.

50.4.2.4.1.10 ThermalVacuumTest

The requirementsin4.2.4.1.10 of the basicspecificationapplyexceptthat the first four cycles
are performedat ambientpressure,and circuitmonitoringmay be limiteddue to operatinglifeof LACU.

50.4.2.4.1.11 Transportation Test

The requirements in 4.2.4.1.11 of the basic specification apply.

50.4.2.4.1.12 Operating Life Test

The requirements in 4.2.4.1.12 of the basic specification apply.

50.4.2.4.2 Certification By Analysis

The requirements in 4.2.4.2 of the basicspecification apply.

50.4.2.4.2.1 Storage/Operating Life

The requirements in 4.2.4.2.1 of the basic specification apply.

50.4.2.4.2.2 Physical Characteristics

The requirements in 4.2.4.2.2 of the basic specification apply.

50.4.2.4.2.3 Reliability

The requirements in 4.2.4.2.3 of the basic specification apply.

50.4.2.4.2.4 Salt Fog

The requirements in 4.2.4.2.4 of the basicspecification apply.

50.4.2.4.2.5 Ozone

The requirements in 4.2.4.2.5 of the basic specification apply.

50.4.2.4.2.6 Fungus

The requirements in 4.2.4.2.6 of the basic specification apply.
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50.4.2.4.2.7 Materialsand Processes

"rherequirementsin4.2.4.2.7 of the basicspecificationapply.

50.4.2.4.2.8 ElectromagneticCompatibility

"lhe requirementsin4.2.4.2.8 of the basicspecificationapply.

50.4.2.4.2.9 ElectricalDesignRequirements

"l'herequirementsin4.2.4.2.9 of thebasicspecificationapply.

•50.4.2.4.2.10 Safety

The requirements in4.2.4.2.10 of the basicspecificationapply.

50.4.2.4.2.11 Sand and Dust

The requirementsin 4.2.4.2.11 of the basicspecificationapply.

50.4.2.4.2.12 Certificationby Other Test Data

"]'herequirementsin 4.2.4.2.10 of the basicspecificationapply.

.=;0.4.2.5 Verification Requirements Matrices

The requirementsin4.2.5 of the basicspecificationapply.

50.5 PREPARATION FOR DELIVERY

The requirementsin Section5 of the basicspecificationapply.

I
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Figure 50-A. A functional block diagram of the LACU
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Figure 50-B: LACU Mounting and Connectors Location Diagram (1 of 2)
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Figure 50-S: LACU Mounting and Connectors Location Diagram (2 of 2)
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Table 50-C. LACU Pin Assignments

PALLET I

IBOX ICONN i PIN FUNCTION TYPE
iLACU IX207 ! 1 TEST A/L FL
;LACU IX207 i 2 TEST NL FL
ILACU IX207 4 TEST A/L FL
LACU IX207 5 TEST NL FL
LACU !X207 6 TEST A/L FL
LACU !X207 7 P.S. TO CAP LAT MTR (M1) - NL FL
LACU IX207 8 P.S. TO CAP LAT MTR (M1) - NL FL
LACU IX207 9 P.S, TO CAP LAT MTR (M3) - NL FL
LACU 1X207 10 TEST A/L FL
LACU X207 11 P.S. TO CAP LAT MTR (M2) - A/L FL
LACU IX207 12 P.S. TO CAP I.AT MTR (M2) - A/L FL
LACU X207 16 P.S. TO CAP L.ATMTR (M3) - A/L FL
LACU IX207 17 CAPTURE LATCH NO. 1 OPEN A/L FL
LACU IX207 18 CAPTURE LATCH NO, 1 OPEN A/L FL
LACU X2.07 19 CAPTURE LATCH NO. 2 OPEN NL FL
LACU X207 24 CAPTURE LATCH NO, 2 OPEN A/L FL
LACU IX207 25 CAPTURE LATCH NO. 3 OPEN NL FL
LACU IX207 26 CAPTURE LATCH NO. 3 OPEN A/L FL
LACU IX207 27 CAPTURE LATCH NO. 1 CLOS NL FL
LACU iX2.07 32 CAPTURE LATCH NO. 1 CLOS NL FL
LACU ;X207 33 CAPTURE LATCH NO. 2 CLOS NL FL
LACU X207 34 CAPTURE LATCH NO. 2 CLOS NL FL
LACU X207 35 CAPTURE LATCH NO, 3 CLOS NL FL
LACU X207 36 CAPTURE LATCHES CLOS IND A/L FL
LACU X207 38 CAPTURE LATCHES OPEN IND /VL FL
LACU X207 39 CAPTURE LATCHES OPEN IND A/L FL
LACU X207 40 CAPTURE LATCH NO. 3 CLOS A/L FL
LACU X207 42 CAPTURE LATCHES CLOS IND A/L FL

LACU X207 43 P.S. TO CAP LAT MTR (M3) + A/L FL
LACU X207 44 P.S. TO CAP LAT MTR (M3) + A/L FL
LACU X207 46 P.S. TO CAP LAT MTR (M2) + A/L FL
LACU X207 48 P.S. TO CAP LAT MTR (M2) + A/L FL
LACU X207 49 P.S. TO CAP LAT MTR (M1) + A/L FL
LACU X207 50 P.S. TO CAP I_ATMTR (M1) + A/L FL
LACU X208 1 CLOSE LATCHES CMD lip
LACU X208 2 CLOSE LATCHES CMD lip
LACU X208 4 CLOSE LATCHES CMD liP
LACU X208 5 OPEN LATCHES CMD I/P
LACU X208 8 CAPTURE LATCH IND I/P
LACU X208 9 LATCH POS IND I/P
LACU X208 10 OPEN LATCHES CMD I/P
LACU X208 14 _,CTUATOF CAPT LATCH DRV UP
LACU X208 15 LATCH POS IND I/P
LACU X208 16 OPEN LATCHES CMD liP
LACU X208 21 LATCH POS IND liP
LACU X208 24 ILATCHPOS IND liP
LACU X208 25 IRING IN LOGIC CKT liP
LACU X208 26 LATCH POS IND UP
LACU X208 28 ILATCHPOS IND I/P
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Table 50-C. LACU Pin Assignments (concluded) i
PALLET i

BOX fCONN I PIN FUNCTION TYPE
LACU IX2.08 I 29 RING IN LOGIC CKT liP
LACU IX208 I 30 RING IN LOGIC CKT lip
LACU IX209 I 1 DC RTN tiP

LACU IX209 I 2 DC RTN I/PLACU IX209 5 DC RTN JP (RSC-E
LACU t)(209 6 DC RTN JP (RSC-E
LACU X209 7 DC RTN I/P
LACU X209 8 DC BUS JP (RSC-E
LACU X209 9 DC BUS JP (RSC-E
LACU X209 10 DC BUS I/P

LACU rX209 11 DC BUS JP (RSC-E
LACU X209 12 DC BUS liP
LACU X2.09 13 DCBUS I/P
LACU X209 14 !DC BUS I/P

LACU X209 15 DC BUS JP (RSC-E)
LACU X209 f 16 DC BUS I/P
LACU )(209 17 DC BUS I/P
LACU X.209 18 DC BUS JP (RSC-E)
LACU X2.09 19 DC BUS JP (RSC-E)
LACU X223 1 TEST A/L FL
LACU X223 2 TEST A/L FL
LACU JX223 3 TEST A/L FL

LACU X___2_3 4 TEST NLFLLACU 5 TEST NL FL
LACU X223 6 ITEST NL FL
LACU X223 7 TEST NL FL
LACU X223 8 TEST NL FL
LACU IX223 9 TEST NL FL
LACU X223 t 10 TEST NL FL

LACU IX2.23 11 TEST NL FL
LACU X223 12 TEST NL FL
'LACU X223 13 TEST A/L FL
LACU X223 14 TEST NL FL
LACU X2.23 15 TEST NL FL
LACU X2.23 16 TEST NL FL
LACU X223 17 TEST NL FL
LACU X.223 18 :TEST NL FL
LACU X223 19 TEST NL FL
LACU tX2.23 20 TEST NL FL

LACU X__2_ 21 TEST NLFL
LACU 22 TEST A/L FL
LACU X223 23 TP__ST NL FL
LACU X223 24 TEST A/L FL
.ACU X2.23 25 TEST A/L FL
.ACU X223 26 TEST A/L FL
.ACU JX223 27 TEST /VL FL
.ACU X223 28 TEST /VL FL
.ACU X223 29 !TEST A/L FL
.ACU X223 30 TEST A/L I::1
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Appendix VI

60. DOCKING MECHANISM CONTROL UNIT

60.1 SCOPE

This appendix defines the detailed requirementsfor the Docking Mechanism Control Unit
(DMCU).

60.2 APPLICABLE DOCUMENTS

N/A

60.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

60.3.1 Item Definition

The DockingMechanismControlUnitshallprovidecontrolsto the CaptureExtend-Retract
Motorsof the APDA.

60.3.1.1 Item Diagram

A functionalblockdiagram of the DockingMechanismControlUnit is illustratedin Figure60-A.

60.3.1.2 Interface Definition

The functionaland physicalinterfacerequirementsbetweenthe DockingMechanismControl
Unit,other EDS boxesand theOrbiterAvionicsare definedinthe followingparagraphs.

60.3.1.2.1 MechanicalCharacteristics

,50.3.1.2.1.1 Mounting

Provisionsfor mountingthe DockingMechanismControlUnit shallbe as shownin Figure60-B.

_0.3.1.2.1.2 Connectors

The DockingMechanismControlUnitshallhave connectorslocatedas shownin Figure60-B,
with pinassignmentsas showninTable 60-C.

I
FORM M 131-H-2 REV 9-87 7-17-98



NO. 03953
NUMBER

JSC 26938 PAGE I357

60.3.1.3 Item Identification

The DockingMechanismControlUnitshallbe identifiedas follows:

Buyer Seller Traceability Maintenance
Level

DMCU MC621-0087-0005 33U.5212.011 Ts LRU

60.3.2 Characteristics

60.3.2.1 Performance Characteristics

The DMCU shall providethe meansto performthe functionsallocatedto it, in concertwiththe
otheravionicsLRUsprovidedby the Seller, to achieve optimalmatingand dematingof theISSAwiththe Orbiter.

60.3.2.1.1 Life Requirements

The requirementsin3.2.1.1 of the basicspecificationapply.

60.3.2.1.2 DesignApproach

The requirementsin 3.2.1.2 of the basicspecificationapply.

60.3.2.1.3 SignalCharacteristics

Characteristicsof signalsthat are uniqueto the DockingMechanismControlUnitare as follows:

TBS

60.3.2.2 Physical Characteristics

60.3.2.2.1 Envelope

The DockingMechanismControlUnit shallhavean envelopeas definedin Figure60-B.

60.3.2.2.2 Weight

The weightof the DockingMechanismControlUnitshallnotexceed 6.6 Ibs.

60.3.2.3 Reliability

The requirementsof 3.2.3 of the basicspecificationapply.

60.3.2.4 Environment

The requirementsof 3.2.5.1.2 and3.2.5.2.2 of the basicspecificationapply.
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60.3.2.5 Transportability

The requirementsof 3.2.6 of the basicspecificationapply.

60.3.3 Design and Construction

The requirementsof 3.3 of thebasicspecificationapply,exceptthatthe followingparagraph
takes precedenceover 3.3.3.2.1.

60.3.3.1 Power Consumption

Power consumed by the DMCU shall notexceed 13.5 watts.

60.4 QUALITY ASSURANCE PROVISIONS

,60.4.1 General Requirements

']'herequirementsof 4.1 of the basicspecificationapply.

60.4.2 Quality Conformance

60.4.2.1 Development

The requirementsin4.2.1 of thebasic specificationapply.

(30.4.2.2 Acceptance

Acceptancetestsand inspectionsshallbe performedon the DMCU, to be employedon the
deliveredunits to the Buyer. The minimumnumberof tests and inspections,andthe sequence
thereofshallbe as specifiedinTable 60-A. The Sellershallperformany othertest deemed
necessary,subjectto approvalof the Buyer.

Table 60-A. Acceptance Requirements

Paragraph Listed
Inspection & Test in Recommended

Sequence
Examinationof Product 60.4.2.2.1
Functional& PerformanceTest 60.4.2.2.2
InsulationResistanceTest 60.4.2.2.2.1
DielectricStrengthTest 60.4.2.2.2.2
AcceptanceVibrationTest 60.4.2.2.3
AcceptanceThermalTest 60.4.2.2.4
AcceptanceHumidityTest 60.4.2.4.5
Functional& PerformanceRecheck 60.4.2.2.2

60.4.2.2.1 Examinationof Product

The requirementsin4.2.2.1 of the basicspecificationapply.
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60.4.2.2.2 Functionaland PerformanceTests

The requirementsin4.2.2.2 of the basicspecificationapply.

60.4.2.2.2.1 InsulationResistanceTest

The requirementsin 4.2.2.2.1 of the basicspecificationapply.

60.4.2.2.2.2 DielectricStrengthTest

The requirementsin4.2.2.2.2 of the basicspecificationapply.

60.4.2.2.3 AcceptanceVibrationTest (AVT)

Acceptancevibrationtestsshallbe per the requirementsin4.2.2.3 of the basicspecification.

60.4.2.2.4 AcceptanceThermal Test (All')

The requirementsin4.2.2,4 of the basicspecificationapply,exceptthat the DMCU shall be
exposedto the maximumand minimumoperatingtemperaturesfor a durationof notless than3
hours. Rate of changeshallnotexceed 240 °F (133.3 °C) per hour,norbe less than 60 °F
(33.3 °C) per hour. The thermalexposuremay be performedby cyclingfrom one extreme to
the other,or by separate testswitha performancetestbetweenexposures.

60.4.2.2.6 Acceptance HumidityTest

The requirements in4.2.2.5 of the basicspecificationapply.

60.4.2.3 Assessment

The requirementsin4.2.3 of the basicspecificationapply.

60.4.2.3.1 Reliability

The requirements in 4.2.3.1 of the basic specification apply.

60.4.2.3.2 Materials and Processes

The requirements in 4.2.3.2 of the basic specification apply.

60.4.2.3.3 Parts Standardization

The requirements in 4.2.3.3 of the basic specification apply.

60.4.2.3.4 Electrical Design Requirements

The requirements in 4.2.3.4 of the basic specification apply.

60.4.2.3.5 Interchangeability

I The requirements in 4.2.3.5 of the basic specification apply.
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60.4.2.3.6Human Performance/HumanEngineering

The requirementsin4.2.3.6ofthebasicspecificationapply.

60.4.2.3.7Safety

The requirementsin4.2.3.7ofthebasicspecificationapply,

60.4.2.3.8Identificationand Marking

The requirementsin4.2.3.6ofthebasicspecificationapply.

60.4.2.4 Certification

The requirements in 4.2.4 of the basic specification apply.

60.4.2.4.1 Qualification Tests

Qualification testing performed to satisfy the requirements specified in the performance end
design verification matrix of Section 4 (Table V) shall be in conformancewith the requirements
of this paragraph. Qualification test specimens shall be subjected to the tests specified in Table60-B.

Table 60.B. Acceptance Requirements

Test sequence Paragraph

AcceptanceTest 60.4.2.2
Performance Test 60.4.2,4.1.2
TransportationTest 60.4.2.4.1.11
Power Test 60.4.2.4.1.7
Vibration 60.4.2.4.1.4
Shock 60,4.2.4.1.6
Acceleration 60.4.2.4.1.5
Thermal Vacuum Test 60.4.2.4.1.10
QualificationHumidityTest 60.4.2.4.1.3
* EMC Test 60,4.2.4.1.9

LifeTest 60.4,2.4.1.12
Final Performance Test 60.4.2.4.1.2

* Test and analysiswillbe conductedand documentedby Buyer.

60.4.2.4,1.1 Test Hardware

Qualificationtest hardwareshallbe of the same configurationas flighthardware.

(]0.4.2.4.1.2 Performance Requirements

"i'herequirementsin4.2.4.1.2 of thebasicspecificationapply.
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60.4.2.4.1.3 QualificationHumidityTest

The requirementsin4.2.4.1.3 of the basicspecificationapply.

60.4.2.4.1.4 Vibration.

60.4.2.4.1.4.1 Qualification-Acceptance VibrationTest (QAVT)

The requirementsin4.2.4.1.4.1 of the basicspecificationapply.

60.4.2.4.1.5 Acceleration

The requirementsin4.2.4.1.5 of the basicspecificationapply.

60.4.2.4.1.6 Shock

The requirementsin4.2.4.1.6 of the basicspecificationapply.

60.4.2.4.1.7 Power Test

The requirementsin4.2.4.1.7 of the basicspecificationapply. Powertests may be verifiedas
partof the Functional/Performancetests.

60.4.2.4.1.8 Lightning

The requirementsin4.2.4.2.12 of the basicspecificationapply.

60.4.2.4.1.9 ElectromagneticCompatibilityTests

The requirements in4.2.4.1.9 of the basicspecificationapply.

60.4.2.4.1.10 ThermalVacuumTest

The requirementsin4.2.4.1.10 of thebasic specificationapply exceptthat the first fourcycles
are performedat ambientpressure,and circuitmonitoringmay be limiteddueto operatinglifeof DMCU.

60.4.2.4.1.11 TransportationTest

The requirementsin 4.2.4.1.11 of the basicspecificationapply.

60.4.2.4.1.12 OperatingLife Test

The requirementsin 4.2.4.1.12 of the basicspecificationapply.

60.4.2.4.2 CertificationBy Analysis

The requirementsin 4.2.4.2 of the basicspecificationapply.

60.4.2.4.2.1 Storaga/OperatingLife

The requirementsin4.2.4.2.1 of the basicspecificationapply.
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60.4.2.4.2.2 Physical Characteristics

The requirementsin4.2.4.2.2 of thebasicspecificationapply.

60.4.2.4.2.3 Reliability

The requirementsin4.2.4.2.3 of the basicspecificationapply.

60.4.2.4.2.4 Salt Fog

The requirementsin4.2.4.2.4 of the bas=cspecificationapply.

60.4.2.4.2.5 Ozone

The requirementsin4.2.4.2.5 of the basicspecificationapply.

60.4.2.4.2.6 Fungus

The requ=rementsin4.2.4.2.6 of the basicspecificationapply.

,_0.4.2.4.2.7 Materialsand Processes

'Therequirementsin4.2.4.2.7 of the basicspecificationapply.

q30.4.2.4.2.8 ElectromagneticCompatibility

The requirementsin4.2.4.2.8 of the basicspecificationapply.

60.4.2.4.2.9 ElectricalDesignRequirements

The requirementsin4.2.4.2.9 of the basicspecificationapply.

60.4.2.4.2.10 Safety

"therequirementsin4.2.4.2.10 of the basicspecificationapply.

60.4.2.4.2.11 Sand and Dust

"l'herequirementsin 4.2.4.2.11 of the basicspecificationapply.

(_i0.4.2.4.2.12 Certificationby OtherTest Data

The requirementsin4.2.4.2.12 of the basicspecificationapply.

80.4.2.5 Verification Requirements Matrices

The requirementsin4.2.5 of the basicspecificationapply.

(];0.5 PREPARATION FOR DELIVERY

1'he requirementsin Section5 of the basicspecificationapply.I
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Figure 60-B. DMCU mounting and connectors location diagram (1 of 2)
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Table 60-C. DMCU Pin Assignments

PALLET !

BOX ICONN ! PIN FUNCTION TYPE

DMCU IX201 I 2 PWR SUP TO RING MTR (M4) AJLFL
DMCU I)(201 I 4 PWR SUP TO RING MTR (M4) AJLFL
DMCU iX201 i 7 PWR SUP TO RING MTR (M5) AJLFL
DMCU IX2.01 9 PWR SUP TO RING MTR (M5) A/L FL
DMCU IX201 23 PWR SUP TO RING MTR (M5) AJLFL
DMCU iX201 I 27 PWR SUP TO RING MTR (M4) A/L FL
DMCU I;<201 i 29 PWR SUP TO RING MTR (U5) hJL FL
DMCU IX.201 I 32 PWR SUP TO RING MTR (M4) AJL.FL
DMCU X2.02 t 1 RING OUT CMD I/P
DMCU X2.02 3 RING OUT STOP CMD liP
DMCU IX2.02 4 RING OUT STOP CMD I/P

IDMCU X202 5 RING OUT CMD I/P
IDMCU X202 6 RING OUT CMD I/P
DMCU IX202 8 RING IN CMD liP
DMCU IX202 10 RING OUT STOP CMD liP
DMCU X202 11 DC RTN liP
DMCU X202 13 DC RTN JPR I/P
DMCU X202 14 RING IN CMD I/P
DMCU IX202 15 RING IN CMD I/P
DMCU IX202 I 17 IRING IN STOP CMD liP
DMCU I)(202 I 18 IDC RTN JPR liP
DMCU IX202 19 RING OUT CONTROL CKT , JP (RSC-E)
DMCU IX202 20 ACTUAT OF DCKNG RING DRV liP
DMCU IX202 t 21 RING OUT CONTROL CKT JP (RSC-E)
DMCU !X202 I 22 RING OUT CONTROL CKT JP (RSC-E)
DMCU X202 t 24 RING IN STOP CMD I/P
DMCU X202 I 25 RING IN STOP CMD liP
DMCU X202 ! 27 RING OUT CONTROL CKT JP (RSC-E)
DMCU tX202 I 40 RING OUT CONTROL CKT JP (RSC-E)
DMCU IX202 I 46 RING OUT CONTROL CKT JP (RSC_E)
DMCU iX202 47 RING OUT CONTROL CKT JP (RSC-E) !
DMCU IX202 48 RING OUT CONTROL CKT JP (RSC-E)
DMCU IX.203 1 DC BUS I/P
DMCU X203 2 DC BUS I/P
DMCU X203 3 DC BUS I/P
DMCU [X203 4 DC BUS liP
DMCU IX203 t 5 DC BUS I/P
DMCU IX203 i 6 DCBUS lip
IDMCU IX203 I 7 DC BUS liP
IDMCU !)(203 8 DC BUS lip
DMCU IX203 , 9 DCBUS I/P
:DMCU I)(203 10 DC BUS I/P
DMCU X203 12 DC BUS I/P
DMCU X203 13 DC BUS I/P
DMCU )(203 15 DC BUS liP

m m
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Table 60-C. DMCU Pin Assignments (concluded) ii
PALLET I

BOX ]CONN i PIN FUNCTION TYPE

DMCU IX203 24 DC RTN I/P
DMCU IX203 26 DC RTN I/P

DMCU IX203 I 27 DCRTN I/P

DMCU iX2.03 28 DC RTN lip
DMCU IX203 30 DC RTN I/P
DMCU !X203 31 DC RTN lip

DMCU t7,203 ! 32 rDC RTN I/P
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Appendix VII

70. PYRO FIRING CONTROL UNIT

70.1 SCOPE

Thisappendixdefinesthe detailedrequirementsfor the Pyro FiringControlUnit (PFCU).

70.2 APPLICABLE DOCUMENTS

N/A

70.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

70.3.1 Item Definition

The Pyro FiringControlUnitshall consistof switchingcontrolsfor the Pressure I/F LatchesPyro
Release Bolts.

70.3.1.1 Item Diagram

/kfunctionalblockdiagramof the Pyro FiringControlUnitis illustratedin Figure70-A.

70.3.1.2 Interface Definition

]he functionaland physicalinterfacerequirementsbetweenthe Pyro FiringControlUnit, other
5DS boxes, and the OrbiterAvionicsare definedin the followingparagraphs.

70.3.1.2.1 Electrical PowerCharacteristics

'Theelectrical powercharacteristicsshall be inaccordancewiththe requirements in3.1.2.1 of
::hebasicspecificationexceptas follows.

'?'0.3.1.2.1.1 InsulationResistance

"l'herequirementsof 3.1.2.1.6.5 of the basicspecificationapplyexcepttest at 30 Vdc.

70.3.1.2.1.2 DielectricStrength

"l'herequirementsof 3.1.2.1.6o6of the basicspecificationapplyexcept testat 200 Vac.

?'0.3.1.2.1.3 MechanicalCharacteristics

70.3.1.2.1.4 Mounting

Provisionsfor mountingthe Pyro FiringControlUnitshallbe as shownin Figure70-B.
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70.3.1.2.1.5 Connectors

The Pyro FiringControlUnit shallhave connectorslocatedas shownin Figure70-B, with pinassignmentsas shownin Table 70-C.

70.3.1.3 Item Identification

The Pyro FiringControlUnitshallbe identifiedas follows:

Buyer Seller Traceability Maintenance
Lever

PFCU MC621-0087-0006 17KSo10Yu2601-0A Ts LRU
70.3.1.3.1.1 Characteristics

70.3.1.4 Performance Characteristics

The PFCU shallprovidethe meansto performthe functionsallocatedto it, in concertwiththe
otheravionicsLRUs providedby the Seller,to achieveoptimalmatingand dematingof theISSA withthe Orbiter.

70.3.1.4.1 Life Requirements

The Pyro FiringControlUnit shallhave a minimumservicelife withoutfailure of:

Actual pyrofiringcycles: 1
Ground testcurrentcycles: 9000

70.3.1.4.2 DesignApproach

The requirementsin 3.2.1.2 of the basicspecificationapply.

70.3.1.4.3 Signal Characteristics

Characteristicsof signalsthat are uniqueto the Pyro FiringControlUnitare as follows:

TBS

70.3.1.5 Physical Characteristics

70.3.1.5.1 Envelope

The Pyro FiringControlUnit shall have an envelopeas definedin Figure70-B.

70.3.1.5.2 Weight

The weightof the Pyro Firing ControlUnitshallnotexceed 15.6 Ibs.

70.3.1.6 Reliability

The requirementsof 3.2.3 of the basicspecificationapply.
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70.3.1.7 Environment

The requirements of 3.2.5.1.2 and 3.2.5.2.2 of the basicspecificationapply.

70.3.1.8 Transportability

The requirements of 3.2.6 the basic specifications of shall apply.

'70,3.2 Design and Construction

The requirements of 3.3 of the basic specification apply, except the following paragraph shall
take precedence over 3.3.3.2.1.

70.3.2.1 Power Consumption

PowerconsumedbyMe PFCUshallnot exceed56.7wattsexcept duringpyro fidng. Maximum
allowable power consumption for the entire EDS during pyro fidng is specified in 3.3.2.1b.

70.4 QUALITY ASSURANCE PROVISIONS

;'0.4.1 General Requirements

1"herequirementsof 4.1 of the basicspecificationapply.

70.4.2 Quality Conformance

7'0.4.2.1 Development

"Therequirementsin4.2.1 of the basicspecificationapply.

70.4.2.2 Acceptance

Acceptancetestsand inspectionsshallbe performedon the PFCU, to be employedon the
deliveredunitsto the Buyer. The minimumnumberof tests andinspections,and the sequence
thereof shallbe as specifiedin Table 70-A. The Sellershallperformany other testdeemed
necessary,subjectto approvalof the Buyer.

Table 70-.4. Acceptance Requirements

Paragraph Listed in
Inspection & Test Recommended Sequence

Examinationof Product 70.4.2.2.1
Functional& Performance Test 70.4.2,2.2
InsulationResistanceTest 70.4.2.2.2.1
DielectdcStrengthTest 70.4.2.2.2.2
AcceptanceVibrationTest 70.4.2.2.3
AcceptanceThermal Test 70.4.2.2.4
AcceptanceHumidityTest 70.4.2.2.5

i Functional& Performance Recheck 70.4.2.2.2

FC)RMM 131-H-2 REV 9-87 7-17-98
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70.4.2.2.1 Examination of Product

The requirements in 4.2.2.1 of the basic specificationapply.

70.4.2.2.2 Functional and Performance Tests

The requirements in 4.2.2.2 of the basic specification apply.

70.4.2.2.2.1 Insulation ResistanceTest

The requirements in 4.2.2.2.1 of the basic specification apply.

70.4.2.2.2.2 Dielectric Strength Test

The requirements in 4.2.2.2.2 of the basic specification apply.

70.4.2.2.3 Acceptance Vibration Test (AVT)

Acceptance vibration tests shall be per the requirements in 4.2.2.3 of the basic specification.

70.4.2.2.4 Acceptance Thermal Test (A'I-I')

The requirements in 4.2.2.4 of the basic specification apply, except that the PFCU shall be
exposed to a temperature of 109 to 118 °F (43 to 48 °C) for not less than 3 hours. The PFCU
shall be exposed to a temperature of zero to 8 °F (minus 18 to minus 13 =C)for not less than 5
hours. The thermal exposure may be performed by cycling from one extreme to the other, or
by separate tests with a performance test between exposures.

70.4.2.2.5 Acceptance Humidity Test

The requirements in 4.2.2.5 of the basic specification apply.

70.4.2.3 Assessment

The requirements in 4.2.3 of the basic specification apply.

70.4.2.3.1 Reliability

The requirements in 4.2.3.1 of the basic specification apply.

70.4.2.3.2 Materials and Processes

The requirements in 4.2.3.2 of the basic specification apply.

70.4.2.3.3 Parts Standardization

The requirements in 4.2.3.3 of the basic specification apply.

70.4.2.3.4 Electrical Design Requirements

The requirements in 4.2.3.4 of the basic specification apply.
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70.4.2.3.5 Interchangeability

The requirementsin 4.2.3.5 of the basicspecificationapply.

70.4.2.3.6 Human Performance/Human Engineering

The requirements in 4.2.3.6 of the basic specification apply.

70.4.2.3.7 Safety

The requirements in 4.2.3.7 of the basic specification apply.

70.4.2.3.8 Identification and Marking

The requirements in 4.2.3.8 of the basic specification apply.

70.4.2.4 Certification

The requirements in 4.2.4 of the basic specification apply.

70.4.2.4.1 Qualification Tests

Qualificationtesting performedto satisfy the requirementsspecifiedin the performanceand design
verificationmatrix of Section4, Table V shallbe in conformancewith the requirementsof this
paragraph. Qualificationtest specimensshall be subjectedto the testsspecifiedin Table 70-B.

Table 70-B. Acceptance Requirements

Paragraph Listed in
Inspection & Test Recommended Sequence

AcceptanceTest 70.4.2.2
Performance Test 70.4.2.4.1.2
TransportationTest 70.4.2.4.1.11
PowerTest 70.4.2.4.1.7
Vibration 70.4.2.4.1.4
Shock 70.4.2.4.1.6
Acceleration 70.4.2.4.1.5
ThermalVacuumTest 70.4.2.4.1.10
QualificationHumidityTest 70.4.2.4.1.3
° EMC Test 70.4.2.4.1.9

LifeTest 70.4.2.4.1.12
FinalPerformance Test 70.4.2.4.1.2

° Test and analysiswillbe conductedand documentedby Buyer.

70.4.2.4.1.1 Test Hardware

Qualificationtest hardwareshallbe of the same configurationas flighthardware.

70.4.2.4.1.2 Performance Requirements

I The requirements in4.2.4.1.2 of the basicspecificationapply.
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70.4.2.4.1.3 QualificationHumidityTest

The requirementsin4.2.4.1.3 of the basicspecificationapply.

70.4.2.4.1.4 Vibration

70.4.2.4.1.4.1 Qualification- AcceptanceVibrationTest (QAV'I')

The requirementsin4.2.4.1.4.1 of the basicspecificationapply.

70.4.2.4.1.5 Acceleration

The requirementsin4.2.4.1.5 of the basicspecificationapply.

70.4.2.4.1.6 Shock

The requirementsin4.2.4.1.6 of the basicspecificationapply.

70.4.2.4.1.7 PowerTest

The requirementsin4.2.4.1.7 of the basicspecificationapply. Powertests may be verifiedas
partof the Functional/Performancetests.

70.4.2.4.1.8 Lightning

The requirementsin4.2.4.2.12 of the basicspecificationapply.

70.4.2.4.1.9 ElectromagneticCompatibilityTests

The requirementsin 4.2.4.1.9 of the basicspecificationapply.

70.4.2.4.1.10 Thermal VacuumTest

The requirements in 4.2.4.1.10 of the basic specification apply except that the first four cycles
are performed at ambient pressure, and circuit monitoring may be limited due to operating lifeof PFCU.

70.4.2.4.1.11 Transportation Test

The requirements in 4.2.4.1.11 of the basic specification apply.

70.4.2.4.1.12 Operating Life Test

The requirements in 4.2.4.1.12 of the basic specification apply.

70.4.2.4.2 Certification By Analysis

The requirements in 4.2.4.2 of the basic specification apply.

70.4.2.4.2.1 Storage/Operating Life

The requirements in 4.2.4.2.1 of the basic specification apply.
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70.4.2.4.2.2 Physical Characteristics

The requirementsin4.2.4.2.2 of the basic specificationapply.

70.4.2.4.2.3 Reliability

The requirementsin4.2.4.2.3 of the basicspecificationapply.

70.4.2.4.2.4 Salt Fog

The requirementsin4.2.4.2.4 of the basicspecificationapply.

70.4.2.4.2.5 Ozone

The requirementsin 4.2.4.2.5 of the basicspecificationapply.

70.4.2.4.2.6 Fungus

The requirementsin4.2.4.2.6 of the basicspecificationapply.

70.4.2.4.2.7 Materialsand Processes

'Therequirementsin4.2.4.2.7 of the basicspecificationapply.

70.4.2.4.2.8 ElectromagneticCompatibility

']'herequirementsin4.2.4.2.8 of the basicspecificationapply.

/'0.4.2.4.2.9 Electrical DesignRequirements

']'he requirementsin 4.2.4.2.9 of the basicspecificationapply.

'/'0.4.2.4.2.10 Safety

"lhe requirementsin4.2.4.2.10 of the basicspecificationapply.

"/'0.4.2.4.2.11 Sand and Dust

The requirementsin4.2.4.2.11 of thebasicspecificationapply.

70.4.2.4.2.12 Certificationby OtherTest Data

"lhe requirementsin4.2.4.2.12 of thebasicspecificationapply.

70.4.2.5 Verification Requirements Matrices

"l'herequirementsin4.2.5 of thebasicspecificationapply.

70.5 PREPARATION FOR DELIVERY

"['herequirementsin Section 5 of the basicspecificationapply.

I
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Table 70-B. PFCU Pin Assignments

PALLET F

BOX ICONN i PIN FUNCTION TYPE

PFCU tX1201 j 1 PYRO 1 ACTIVE HOOK ASSY NO. 1 + /VL FL

PFCU !X1201 I 2 PYRO 1 ACTIVE HOOK ASSY NO. 7 + A/I_FL
PFCU ]X1201 t 3 PYRO 1 ACTIVE HOOK ASSY NO. 5 + /VL FL
PFCU X1201 i 4 PYRO 1 ACTIVE HOOK ASSY NO. 11 �A/LFL

PFCU IX1201 ! 5 PYRO 1 ACTIVE HOOKASSY NO, 9 + /VL FL
PFCU X1201 6 PYRO 1 ACTIVE HOOK ASSY NO. 3 + A/L FL

_FCU X1201 7 PYRO 1 ACTIVE HOOK ASSY NO. 2 + A/L FL
!PFCU IX1201 8 PYRO 1 ACTIVE HOOKASSY NO, 8 + A/L FL
PFCU !X1201 9 PYRO 1 ACTIVE HOOKASSY NO. 6 + A/L FL

PFCU X1201 10 PYRO 1 ACTIVE HOOK ASSY NO. 12+ A/L FL
PFCU X1201 11 IPYRO 1 ACTIVE HOOK ASSY NO. 10 �A/LFL

PFCU IX1201 I 12 PYRO 1 ACTIVE HOOKASSY NO. 4 + A/L FL
PFCU IX1201 21 X55CONNTEST A/L FL
PFCU X1201 22 X55 CONN TEST A/L FL

PFCU X1201 23 X55CONNTEST A/L FL
PFCU X1201 24 X55 CONN TEST A/L FL
PFCU X1201 25 X55 CONN TEST A/L FL

=FCU X1201 26 X55 CONN TEST A/L FL
PFCU X1201 31 PYRO 1 ACTIVE HOOKASSY NO. 1 - A/L FL
PFCU tX1201 32 PYRO 1 ACTIVE HOOK ASSY NO. 7- A/L FL

PFCU IX1201 33 PYRO 1 ACTIVE HOOK ASSY NO. 5 - A/L FL
PFCU IX1201 34 PYRO 1 ACTIVE HOOK ASSY NO. 11 - A/L FL

PFCU iX1201 35 =PYRO1 ACTIVE HOOKASSY NO. 9 - A/L FL
PFCU X1201 36 PYRO 1 ACTIVE HOOK ASSY NO. 3 - A/L FL
PFCU X1201 37 PYRO 1 ACTIVE HOOK ASSY NO. 2 - AJLFL

PFCU IX1201 38 PYRO 1 ACTIVE HOOK ASSY NO. 8 - A/L FL
PFCU X1201 39 PYRO 1 ACTIVE HOOKASSY NO. 6 - A/L FL
PFCU !X1201 40 PYRO 1 ACTIVE HOOKASSY NO. 12 - A/L FL
_FCU !X1201 41 PYRO 1 ACTIVE HOOK ASSY NO. 10- A/L FL
=PFCU IX1201 42 PYRO 1 ACTIVE HOOK ASSY NO. 4- AJLFL

PFCU iX1202 1 PYRO 2 ACTIVE HOOK ASSY NO. 1 �A/LFL
PFCU IX1202 2 PYRO 2 ACTIVE HOOK ASSY NO. 7 + AJLFL
PFCU IX1202 3 PYRO 2 ACTIVE HOOK ASSY NO. 5 �A/LFL
PFCU IX1202 4 PYRO 2 ACTIVE HOOKASSY NO. 11+ /VL FL

PFCU IX1202 5 !PYRO 2 ACTIVE HOOK ASSY NO. 9 + A/L FL
PFCU tX1202 6 PYRO 2 ACTIVE HOOK ASSY NO. 3 �A/LFL
PFCU tX1202 7 PYRO 2 ACTIVE HOOKASSY NO. 2 + A/L FL
PFCU X1202 8 PYRO 2 ACTIVE HOOKASSY NO. 8 + A/L FL

PFCU X1202 9 PYRO 2 ACTIVE HOOK ASSY NO, 6�A/L FL
PFCU IX1202 10 PYRO 2 ACTIVE HOOK ASSY NO. 12 + A/L FL

_FCU IX1202 11 PYRO 2 ACTIVE HOOK ASSY NO. 10 + A/L FL
_FCU X1202 12 PYRO 2 ACTIVE HOOK ASSY NO. 4�AJL FL
=FCU X1202 21 X65 CONN r=_Sf A/L FL

=FCU IX1202 22 X65 CONN TEST A/L FL
_FCU X1202 23 X65 CONN TEST A/L FL
_FCU X1202 24 >(65CONN TEST A/L FL
=FCU X1202 25 IX65 CONN TEST AlL FL

=FCU X1202 26 X65 CONN TEST AlL FL
_FCU X1202 31 PYRO 2 ACTIVE HOOK ASSY NO. 1 - AlL FL

FORM M 131-H-2 REV 9-87
7-17-98



CODEIDENT.NO.03953

I NUMBERJSC 26938 378

Table 70-B. PFCU Pin Assignments (Continued)
PALLET

BOX ICONN PiN FUNCTION TYPE

PFCU tX1202 32 PYRO 2 ACTIVE HOOK ASSY NO. 7 - A/L FL

PFCU tX1202 33 PYRO 2 ACTIVE HOOK ASSY NO. 5 - NL FL

PFCU !X1202 34 PYRO 2 ACTIVE HOOK ASSY NO. 11 - A/L FL
PFCU X1202 35 PYRO 2 ACTIVE HOOK ASSY NO. 9 - A/L FL

PFCU X1202 36 IPYRO2 ACTIVE HOOKASSY NO. 3 - A/L FL

PFCU X1202 37 PYRO 2 ACTIVE HOOKASSY NO. 2 - A/L FL
PFCU X1202 38 PYRO 2 ACTIVE HOOKASSY NO. 8 - A/L FL

PFCU X1202 39 PYRO 2 ACTIVE HOOKASSY NO. 6 - A/L FL

PFCU X1202 40 PYRO 2 ACTIVE HOOK ASSY NO. 12 - A/L FL

PFCU X1202 41 PYRO 2 ACTIVE HOOK ASSY NO. 10 - A/L FL

PFCU X1202 42 PYRO 2 ACTIVE HOOK ASSY NO. 4 - A/L FL

PFCU X1203 1 PYRO 1 PASSIVE HOOK ASSY NO, 1 + A/L FL

PFCU X1203 2 PYRO 1 PASSIVE HOOK ASSY NO. 7 �A/LFL

PFCU X1203 3 PYRO 1 PASSIVE HOOK ASSY NO. 5 �A/LFL

PFCU X1203 4 PYRO 1 PASSIVE HOOK ASSY NO. 11 �A/LFL

_FCU X1203 5 PYRO 1 PASSIVE HOOK ASSY NO. 9 �A/LFL
=FCU X1203 6 PYRO 1 PASSIVE HOOK ASSY NO. 3 + /VL FL

IPFCU X1203 7 PYRO 1 PASSIVE HOOK ASSY NO. 2 �A/LFL

PFCU X1203 8 PYRO 1 PASSIVE HOOK ASSY NO. 8 + A/L FL

PFCU X1203 9 PYRO 1 PASSIVE HOOK ASSY NO. 6 + A/L FL

PFCU X1203 10 PYRO 1 PASSIVE HOOKASSY NO. 12 �A/LFL

PFCU X1203 11 PYRO 1 PASSIVE HOOK ASSY NO. 10 + NL FL
PFCU _(1203 12 PYRO 1 PASSIVE HOOK ASSY NO. 4 + NL FL

PFCU tX1203 21 X56 CONN TEST A/L FL

PFCU X1203 22 K56 CONN TEST /VL FL

PFCU X1203 23 X56 CONNTEST NL FL
PFCU X1203 24 X56 CONN TEST NL FL

PFCU X1203 25 X56 CONNTEST NL FL

PFCU X1203 26 K56CONN TEST A/L FL

PFCU X1203 31 =YRO 1 PASSIVE HOOK ASSY NO. 1 - NL FL

PFCU X1203 32 PYRO 1 PASSIVE HOOKASSY NO. 7 - A/L FL
PFCU X1203 33 PYRO 1 PASSIVE HOOKASSY NO. 5 - A/L FL

PFCU X1203 34 IPYRO 1 PASSIVE HOOKASSY NO. 11 - A/L FL

PFCU X1203 35 !PYRO 1 PASSIVE HOOKASSY NO. 9 - NL FL

PFCU X1203 36 iPYRO 1 PASSIVE HOOKASSY NO. 3 - A/L FL

PFCU X1203 37 'PYRO 1 PASSIVE HOOKASSY NO. 2 - AJLFL

PFCU X1203 38 PYRO 1 PASSIVE HOOKASSY NO. 8 - A/L FL
PFCU X1203 39 PYRO 1 PASSIVE HOOKASSY NO. 6 - A/L FL

PFCU X1203 40 PYRO 1 PASSIVE HOOK ASSY NO. 12 - A/L FL
PFCU X1203 41 PYRO 1 PASSIVE HOOK ASSY NO. 10 - A/L FL

PFCU X1203 42 PYRO 1 PASSIVE HOOK ASSY NO. 4 - AJLFL
PFCU X1204 1 PYRO 2 PASSIVE HOOK ASSY NO. 1 �A/LFL

PFCU X1204 2 PYRO 2 PASSIVE HOOK ASSY NO. 7 + A/L FL

PFCU X1204 3 PYRO 2 PASSIVE HOOK ASSY NO. 5 + A/L FL

PFCU X1204 4 PYRO 2 PASSIVE HOOK ASSY NO. 11 + A/LFL
PFCU X1204 5 PYRO 2 PASSIVE HOOK ASSY NO. 9 �A/LFL

PFCU X1204 6 PYRO 2 PASSIVE HOOK ASSY NO. 3 �A/LFL

PFCU X1204 7 PYRO 2 PASSIVE HOOK ASSY NO. 2 + A/L FL
PFCU X1204 8 PYRO 2 PASSIVE HOOKASSY NO. 8 + A/L FL
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Table 70-B. PFCU Pin Assignments (Continued)
PALLET

BOX ICONN PiN FUNCTION TYPE

PFCU rX1204 9 PYRO 2 PASSIVE HOOK ASSY NO. 6 + A/L FL

PFCU X1204 10 I=YRO2 PASSIVE HOOK ASSY NO. 12 + A/L FL
PFCU X1204 11 !PYRO2 PASSIVE HOOK ASSY NO. 10 + AJLFL

PFCU X1204 12 PYRO 2 PASSIVE HOOK ASSY NO. 4 + A/L FL

PFCU X1204 21 X66 CONN TEST A/L FL

PFCU X1204 22 X66 CONN TEST A/L FL
PFCU X1204 23 X66 CONNTEST NL FL

=FCU X1204 24 X66 CONN I_T NL FL

PFCU >(1204 25 X66 CONN TEST /VL FL

PFCU !X1204 26 IX66 CONN TEST A/L FL

PFCU X1204 31 PYRO 2 PASSIVE HOOK ASSY NO, 1 - A/L FL

PFCU X1204 32 PYRO 2 PASSIVE HOOK ASSY NO. 7 - A/L FL

PFCU X1204 33 PYRO 2 PASSIVE HOOK ASSY NO. 5 - A/L FL
PFCU X1204 34 PYRO 2 PASSIVE HOOK ASSY NO. 11 - A/L FL

PFCU X1204 35 PYRO 2 PASSIVE HOOK ASSY NO. 9 - A/L FL

PFCU X1204 36 PYRO 2 PASSIVE HOOK ASSY NO. 3 - AJLFL

=FCU X1204 37 PYRO 2 PASSIVE HOOKASSY NO. 2 - A/L FL

!PFCU X1204 38 PYRO 2 PASSIVE HOOKASSY NO. 8 - A/L FL
PFCU X1204 39 PYRO 2 PASSIVE HOOKASSY NO. 6 - A/L FL

PFCU !X1204 40 PYRO 2 PASSIVE HOOK ASSY NO. 12- A/L FL

PFCU X1204 41 !PYRO 2 PASSIVE HOOKASSY NO. 10 - A/L FL

PFCU X1204 42 PYRO 2 PASSIVE HOOKASSY NO. 4 - A/L FL

PFCU X1205 1 ACTIVE HOOKS FIRING CMD A/L FL

PFCU X1205 1 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 2 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
_FCU X1205 2 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

IPFCU X1205 3 ACTIVE HKS FIRING CMD JPRS JP (RSC_E)

PFCU X1205 3 ACTIVE HKS FIRING CMD JPRS JP (RSC-E
PFCU IX1205 4 ACTIVE HKS FIRING CMD JPRS JP (RSC-E

PFCU X1205 4 ACTIVE HKS FIRING CMO JPRS JP (RSC-E)

PFCU X1205 5 IACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1205 5 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 6 ACTIVE HKS FIRING CMO JPRS JP (RSC-E)

PFCU X1205 6 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 7 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1205 7 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1205 8 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1205 8 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
=FCU X1205 9 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

_FCU IX1205 9 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1205 10 !ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
=FCU X1205 10 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1205 11 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1205 11 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1205 12 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

JFCU X1205 12 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
_FCU X1205 13 ACTIVE HOOKS FIRING CMD A/L FL

'FCU X1205 13 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
_FCU X1205 21 PASSIVE HOOKS FIRING CMD A/L FL
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Table 70-B. PFCU Pin Assignments (Continued)
PALLET

BOX CONN PIN FUNCTION TYPE

PFCU X1205 21 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 22 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1205 22 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 23 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 23 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 24 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 24 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 25 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1205 25 PASSIVE HKS FIRING CMD JPRS JP (RSC=E)

PFCU X1205 26 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 26 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1205 27 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1205 27 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

FaFCU X1205 28 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1205 28 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
IPFCU X1205 29 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

'PFCU >(1205 29 PASSIVE HKSFIRING CMD JPRS JP (RSC-E)

PFCU >C1205 30 PASSIVE HKSFIRING CMD JPRS JP (RSC-E)

PFCU ×1205 30 PASSWE HKSFIRING CMD JPRS JP (RSC-E)

PFCU )(1205 31 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU _1205 31 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU K1205 32 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU !X1205 32 PASSIVE HKS FIRING CMD JPRS JP (RSC=E)
PFCU iX1205 33 FPASSlVEHOOKS FIRING CMD A/L FL

PFCU X1205 33 !PASSIVEHKS FIRING CMD JPRS JP (RSC-E)
PFCU X1205 41 !PYROCIRC PROT OFF CMD AJLFL
PFCU X1205 42 PYRO CIRC PROT ON CMD A/L FL

PFCU X1205 49 PYRO LOGIC BUS A A/L FL

PFCU X1205 50 PYRO LOGIC BUS A NL FL

PFCU X1206 1 ACTIVE HOOKS FIRING CMD A/L FL

PFCU X1206 1 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 2 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 2 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 3 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 3 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 4 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 4 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 5 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 5 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 6 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 6 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 7 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 7 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 8 ACTIVE HKS FIRING CMD JPRS JP (RSC_E)

PFCU X1206 8 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 9 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 9 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 10 ACTIVE HKS FIRING CMD JPRS JP (RSC_E)

i PFCU X1206 10 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
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Table 70-B. PFCU Pin Assignments (Continued)

PFCU X1206 24 PASSIVE HKS FIRING CMD JPRS JP (RSC-E

_FCU X1206 25 PASSIVE HKS FIRING CMD JPRS JP (RSC-E

PFCU >(1206 25 PASSIVE HKS FIRING CMD JPRS JP (RSC-E

PFCU X1206 26 IPASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 26 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 27 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 27 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 28 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 28 PASSIVE HKS FIRING CMD JPRS JP (RSC-E
PFCU X1206 29 PASSIVE HKS FIRING CMD JPRS JP (RSC-E

_FCU X1206 29 PASSIVE HKS FIRING CMD JPRS JP (RSC-E

PFCU X1206 30 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU IX1206 30 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 31 IPASSIVEHKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 31 =PASSIVEHKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 32 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1206 32 PASSIVE HKS FIRING CMD JPRS JP (RSC_E)
PFCU X1206 33 PASSIVE HOOKS FIRING CMD NL FL

PFCU X1206 33 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1206 41 PYRO ClRC PROT OFF CMD NL FL
DFCU X1206 42 PYRO ClRC PROT ON CMD A/L FL

PFCU X1206 49 PYRO LOGIC BUS B A/L FL
PFCU X1206 50 PYRO LOGIC BUS B A/L FL

PFCU IX1207 1 ACTIVE HOOKS FIRING CMD A/L FL

PFCU X1207 1 =ACTIVEHKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 2 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 2 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 3 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 3 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 4 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 4 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU X1207 5 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
=FCU X1207 5 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

=FCU )1207 6 ACTIVE HKSFIRING CMD JPRS JP (RSC-E)

=FCU !X1207 6 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
_FCU X1207 7 _.CTIVEHKS FIRING CMD JPRS JP (RSC-E)
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Table 70-B. PFCU Pin Assignments (Continued)
PALLET

BOX CONN PIN FUNCTION TYPE

PFCU X1207 7 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 8 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 8 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 9 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 9 ACTIVE HKSFIRING CMD JPRS JP (RSC-E)

PFCU X1207 10 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 10 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 11 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
=FCU X1207 11 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

!PFCU X1207 12 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 12 ACTIVE HKS FIRING CMD JPRS JP (RSC=E)
PFCU X1207 13 ACTIVE HOOKS FIRING CMD A/L FL

PFCU X1207 13 ACTIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU IX1207 21 PASSIVE HOOKS FIRING CMD A/L FL

PFCU IX1207 21 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU _(1207 22 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU IX1207 22 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU !X1207 23 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU IX1207 23 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 24 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 24 PASSIVE HKS FIRING CMD JPRS JP {RSC-E)

PFCU X1207 25 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 25 IPASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 26 !PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 26 !PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 27 !PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 27 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 28 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 28 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 29 'PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 29 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 30 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 30 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 31 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 31 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 32 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)

PFCU X1207 32 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 33 PASSIVE HOOKS FIRING CMD A/L FL

PFCU X1207 33 PASSIVE HKS FIRING CMD JPRS JP (RSC-E)
PFCU X1207 41 PYRO CIRC PROT OFF CMD A/L FL
PFCU X1207 42 PYRO CIRC PROT ON CMD A/L FL
PFCU X1207 49 PYRO LOGIC BUS C A/L FL

PFCU X1207 50 PYRO LOGIC BUS C A/L FL

PFCU X1208 1 TEST A/L FL
PFCU X1208 13 TEST A/L FL

PFCU X1208 20 TEST A/L FL

PFCU X1208 32 TEST A/L FL
PFCU X1208 46 TEST A/L FL

PFCU X1208 47 TEST A/I. FL
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Table 70.B. PFCU Pin Assignments (Continued)
PALLET

BOX ICONN PIN FUNCTION TYPE

_FCU X1208 80 TEST AJL FL

PFCU X1208 81 TEST A/L FL

PFCU X1208 82 i _-_J A/L FL

PFCU X1208 83 TEST AJL FL

PFCU X1208 84 TEST A/L FL

PFCU X1208 85 TEST AJLFL
PFCU X1208 86 TEST A,'L FL

PFCU X1208 90 TEST A/L FL

_FCU X1208 91 TEST A/L FL

_PFCU X1208 92 J_-:_I /VL FL

PFCU X1208 93 [ i t=:5! AJLFL

PFCU X1208 94 TEST A/L FL

PFCU X1208 95 TEST A/L FL
PFCU X1208 96 TEST AlL FL

PFCU X1208 101 TEST A,'LFL
PFCU X1208 102 TEST A/L FL

F_FCU X1209 1 PFCU 40A BUS2 RTN A/L FL

=FCU X1209 2 PFCU 40A BUS 2 RTN A/L FL

PFCU X1209 3 PFCU 40A BUS 2 RTN A/L FL

PFCU Ix1209 4 F=FCU6A BUS2 RTN A/L FL

PFCU X1210 1 IPFCU4OA BUS 1 RTN A/L FL

PFCU X1210 2 PFCU 40A BUS 1 RTN AJLFL

PFCU X1210 3 PFCU 40A BUS 1 RTN A/L FL

PFCU X1210 4 PFCU 6A BUS 1 RTN A/L FL

PFCU X1211 1 PFCU 6A BUS 2 (MNC) A/L FL
PFCU X1211 2 PFCU 40A BUS 2 (MNC) A/L FL
=FCU X1211 3 PFCU 40A BUS 2 (MNC) A/L FL
PFCU X1211 4 PFCU 6A BUS 2 (MNC) A/L FL

PFCU X1290 1 TEST A/L FL

PFCU X1290 2 i v.._I A/L FL

PFCU X1290 3 'TEST A/L FL

PFCU X1290 4 TEST A/L FL
PFCU X1290 5 TEST A/L FL

PFCU X1290 6 TEST A/L FL

PFCU X1290 11 TEST A/L FL
PFCU X1290 12 TEST A,'LFL

=FCU X1290 13 TEST A/L FL

=FCU X1290 14 TEST AJLFL

=FCU >C1290 15 TEST AJLFL
)FCU >_1290 16 P-_r A./LFL

)FCU X1290 21 TEST A/L FL

=FCU X1290 22 TEST AlL FL

)FCU X1290 23 TEST A/L FL

_FCU X1290 24 TEST AlL FL
=FCU X1290 25 TEST A;L FL

_FCU X1290 26 TEST A/L FL

_FCU X1290 31 TEST A/L FL
'FCU ×1290 32 TEST A/L FL

_FCU >(1290 33 TEST A/L FL
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Table 70-B. PFCU Pin Assignments (Continued)
PALLET

IBOX CONN PiN FUNCTION TYPE

:PFCU X1290 34 TEST AJLFL

PFCU X1290 35 TEST A/L FL
PFCU >(1290 36 I1::5! A/L FL

PFCU IX1291 1 i I:_ i A/L FL

PFCU !X1291 13 IP-_1 A/L FL

PFCU X1291 20 rP._T A/L FL

PFCU X1291 32 ITE_ST AJLFL
PFCU X1291 46 TEST A/L FL

PFCU X1291 47 TEST /VL FL

PFCU X1291 80 TEST /VL FL

PFCU X1291 81 TEST A/L FL

PFCU X1291 82 TEST A/L FL

PFCU X1291 83 TEST A/L FL

PFCU X1291 84 TEST AJLFL

PFCU X1291 85 TEST A/L FL
PFCU X1291 86 TEST A/L FL

PFCU X1291 90 TEST A/L FL

PFCU X1291 91 TEST AJLFL

PFCU X1291 92 TEST A/L FL

PFCU X1291 93 TEST /VL FL

_FCU X1291 94 TEST A/L FL

:_FCU X1291 95 TEST A/L FL
=FCU X1291 96 TEST A/L FL

=FCU X1291 101 TEST /VL FL
IPFCU X1291 102 TEST A/L FL

!PFCU X1292 2 TEST /VL FL

!PFCU X1292 4 TEST A/L FL

PFCU X1292 5 TEST AJLFL

PFCU X1292 6 TEST /VL FL

PFCU X1292 7 TEST A/L FL

PFCU X1292 8 TEST A/L FL
PFCU X1292 9 TEST A/L FL

PFCU X1292 10 TEST A/L FL

PFCU X1292 11 TEST A/L FL

PFCU X1292 12 TEST A/L FL

PFCU X1292 13 TEST /VL FL
PFCU X1292 14 TEST A/L FL

PFCU X1292 15 II=_I A/L FL
PFCU X1292 16

PFCU X1292 17 IP-_I AJLFL
PFCU X1292 18

PFCU X1292 19 I I=_I /VL FL

PFCU >(1292 32 I D-_! /VL FL

PFCU >(1293 4 PYRO CIRCUIT PROTECT OFF IND A/LFL
PFCU >(1293 5 PYRO CIRCUIT PROTECT OFF IND /VL FL

PFCU IX1293 6 PYRO CIRCUIT PROTECT OFF IND A/L FL

PFCU IX1293 7 PYRO CIRCUIT PROTECT OFF IND A/LFL
PFCU IX1293 8 PYRO CIRCUIT PROTECT OFF IND B2B

PFCU iX1293 9 _YRO CIRCUIT PROTECT OFF IND B2B
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Table 70-B. PFCU Pin Assignments (Continued)
PALLET

BOX ICONN PiN FUNCTION I TYPE
PFCU X1293 10 PYRO CIRCUIT PROTECT OFF IND B2B

I_FCU X1293 11 PYRO CIRCUIT PROTECT OFF IND B2B

PFCU X1294 1 PFCU 6A BUS 1 (MNA) A/L FL

PFCU X1294 2 PFCU 40A BUS 1 (MNA) /VL FL

=FCU X1294 3 PFCU 40A BUS 1 (MNA) NL FL

=FCU X1294 4 PFCU 6A BUS 1 (MNA) NL FL
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Appendix VIII

80. PRESSURIZATION ACTUATOR CONTROL UNIT

80.1 SCOPE

This appendix definesthe detailed requirements for the PressurizationActuator Control Unit
(PACU).

80.2 APPLICABLE DOCUMENTS

N/A

80.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

80.3.1 Item Definition

The PressurizationActuatorControlUnitshall provideswitchingcontrolsto the Pressurization
ActuatorMotorsof the APDA

130.3.1.1 Item Diagram

A functionalblockdiagramof the PressurizationActuatorControlUnitis illustratedin Figure80-A.

80.3.1.2 Interface Definition

"('hefunctionaland physicalinterface requirementsbetweenthe PressurizationActuatorControl
Unit, otherEDS boxes,andthe OrbiterAvionicsare definedinthe followingparagraphs

80.3.1.21 MechanicalCharacteristics.

80.3.1.2.1.1 Mounting

Provisionsfor mountingthe PressurizationActuatorControlUnit shallbe as shownin
Figure 80-B,

80.3.1.2.1.2 Connectors

l_e PressurizationActuatorControlUnitshallhaveconnectorslocatedas showninFigure80-B,with
pinassignmentsas showninTable 80-C.

i
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80.3.1.3 Item Identification

The PressurizationActuatorControlUnit shall be identifiedas follows:

Buyer Seller Traceability Maintenance

.N-g-_q:]9.BE,.J_J,L_ControlNo. _ _ Level

PACU MC621-0087-0007 33U.5212.006 Ts LRU

80.3.2 Characteristics.

80.3.2.1 Performance Characteristics

The PACU shall provide the means to perform the functionsallocated to it, in concert with the
otheravionicsLRUsprovidedby the Seller, to achieveoptimalmatingand dematingof theISSA with theOrbiter.

80.3.2.1.1 Life

The requirementsin 3.2.1.1 of the basicspecificationapply.

80.3.2.1.2 DesignApproach

The requirementsin 3.2.1.2 of the basicspecificationapply.

80.3.2.1.3 SignalCharacteristics

Characteristicsof signalsthat are uniqueto the PressurizationActuatorControlUnit are asfollows:

TBS

80.3.2.2 Physical Characteristics

80.3.2.2.1 Envelope

The PressurizationActuatorControlUnitshall have an envelopedefined in Figure80-B.
80.3.2.2.2 Weight

The weightof the PressurizationActuatorControlUnit shall notexceed 5.9 Ibs.

80.3.2.2.3 Reliability

The requirementsof 3.2.3 of the basicspecificationapply

80.3.2.2.4 Environment

The requirementsof 3.2.5.1.2 and 3.2.5.2.2 of the basicspecificationapply.

I
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80.3.2.3 Transportability

The requirementsof 3.2.6 the basicspecificationsof shall apply.

80.3.3 Design and Construction

The requirementsof 3.3 of the basicspecificationapply,except the followingparagraphshall
take precedenceover 3.3.3.2.1.

80.3.3.1 Power Consumption

The PACU shall consumeno more than 43.2 watts.

80.4 QUALITY ASSURANCE PROVISIONS,

80.4.1 General Requirements

The requirementsof 4.1 of the basicspecificationapply.

80.4.2 Quality Conformance

80.4.2.1 Development

The requirementsin 4.2.1 of the basicspecificationapply.

80.4.2.2 Acceptance

Acceptancetestsand inspectionsshall be performedon the PACU, to be employedon the
deliveredunitsto the Buyer. The minimumnumberof testsand inspections,andthe sequence
thereofshall be as specifiedinTable 80-A. The Seller shallperform any othertest deemed
necessary, subjectto approvalof the Buyer.

Table 80-A. Acceptance Requirements

Paragraph Listed in
Inspection & Test Recommended Sequence

Examinationof Product 80.4.2.2.1
Functional& Performance Test 80.4.2.2.2
InsulationResistanceTest 80.4.2.2.2,1
DielectricStrengthTest 80.4.2.2.2.2
AcceptanceVibrationTest 80.4.2.2.3
AcceptanceThermalTest 80.4.2.2.4
AcceptanceHumidityTest 80.4.2.2.5
Functional& PerformanceRecheck 80.4.2.2.2

_30.4.2.2.1 Examinationof Product

The requirementsin 4.2.2.1 of the basicspecificationapply,
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80.4.2.2.2 Functionaland PerformanceTests

The requirementsin4.2.2.2 of the basicspecificationapply.

80.4.2.2.2.1 InsulationResistanceTest

The requirementsin4.2.2.2.1 of the basicspecificationapply.

80.4.2.2.2.2 DielectricStrengthTest

The requirementsin4.2.2.2.2 of the basicspecificationapply.

80.4.2.2.3 AcceptanceVibrationTest (AVT).)

Acceptancevibrationtestsshallbe per the requirementsin4.2.2.3 of the basicspecification.

80.4.2.2.4 AcceptanceThermal Test (ATT)

The requirementsof 4.2.2.4 of the basicspecificationapply,exceptthat the PACU shallbe
exposedto the maximumand minimumoperatingtemperaturesfora durationof not less than 3
hours. Rate of changeshall notexceed 240 °F (133.3 °C) per hour,nor be lessthan 60 °F
(33.3 °C) per hour. The thermalexposuremay be performedby cyclingfrom oneextreme to
the other,or by separate testswitha performancetestbetweenexposures.

80.4.2.2.5 AcceptanceHumidityTest

The requirementsin4.2.2.5 of the basicspecificationapply.

80.4.2.3 Assessment

The requirementsin4.2.3 of the basicspecificationapply.

80.4.2.3.1 Reliability

The requirements in 4.2.3.1 of the basic specification apply.

80.4.2.3.2 Materials and Processes

The requirements in 4.2.3.2 of the basic specification apply.

80.4.2.3.3 Parts Standardization

The requirements in 4.2.3.3 of the basic specification apply.

80.4.2.3.4 ElectricalDesignRequirements

The requirementsin4.2.3.4 of the basicspecificationapply.

80.4.2.3.5 Interchangeability

The requirementsin4.2.3.5 of thebasicspecificationapply.
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80.4.2.3.6 Human Performance/Human Engineering

The requirements in 4.2.3.6 of the basic specification apply.

80.4.2.3.7 Safety

The requirements in 4.2.3.7 of the basic specification apply.

80.4.2.3.8 Identification and Marking

The requirements in 4.2.3.8 of the basic specification apply.

80.4.2.4 Certification

The requirements in 4.2.4 of the basic specification apply.

80.4.2.4.1 Qualification Tests

Qualification testingperformed to satisfythe requirementsspecifiedinthe performance and
designverificationmatrix of Section4, Table V shallbe in conformancewiththe requirementsof
this paragraph. Qualificationtest specimensshallbe subjectedto the tests specifiedinTableB0-B.

Table 80-B. Acceptance Requirements

Test sequence Paragraph

AcceptanceTest 80.4.2.2
PerformanceTest 80.4.2.4.1.2
TransportationTest 80.4.2.4.1.11
PowerTest 80.4.2.4,1.7
Vibration 80.4.2.4.1.4
Shock 80.4.2.4.1.6
Acceleration 80.4.2.4.1.5
Thermal Vacuum Test 80.4.2.4.1.10
Qualification Humidity Test 80.4.2.4.1.3
"EMC Test 80.4.2.4.1.9

Life Test 80.4.2.4.1.12
Final Performance Test 80.4.2.4.1.2

"Test and analysiswill be conductedand documentedby Buyer.

_0.4.2.4.1.1 Test Hardware

Qualificationtest hardwareshallbe of the same configurationas flighthardware.

80.4.2.4.1.2 Performance Requirements

The requirementsin4.2.4.1.2 of the basicspecificationapply.

I
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80.4.2.4.1.3 Qualification Humidity Test

The requirements in 4.2.4.1.3 of the basic specification apply.

80.4.2.4.1.4 Vibration.

80.4.2.4.1.4.1 Qualification - Acceptance Vibration Test (QAVT)

The requirements in 4.2.4.1.4.1 of the basic specification apply.

80.4.2.4.1.5 Acceleration

The requirements in 4.2.4.1.5 of the basic specification apply.

80.4.2.4.1.6 Shock

The requirements in 4.2.4.1.6 of the basic specification apply.

80.4.2.4.1.7 Power Test

The requirementsin4.2.4.1.7 of the basicspecificationapply. Power testsmay be as part ofthe Functional/Performancetests.

80.4.2.4.1.8 Lightning

The requirementsin4.2.4.2.12 of the basicspecificationapply.

80.4.2.4.1.9 ElectromagneticCompatibilityTests

The requirementsin 4.2.4.1.9 of the basicspecificationapply.

80.4.2.4.1.10 Thermal VacuumTest

The requirementsin 4.2.4.1.10 of the basicspecificationapply exceptthat the firstfour cycles
are performedat ambientpressureand circuitmonitoringmay be limiteddue to operatinglife ofPACU.

80.4.2.4.1.11 TransportationTest

The requirements in4.2.4.1.11 of the basicspecificationapply.

80.4.2.4.1.12 OperatingLife Test

The requirementsin 4.2.4.1.12 of thebasicspecificationapply.

80.4.2.4.2 CertificationByAnalysis

The requirementsin4.2.4.2 of the basicspecificationapply.

80.4.2.4.2.1 Storage/OperatingLife

The requirementsin 4.2.4.2.1 of the basicspecificationapply.
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80.4.2.4.2.2 PhysicalCharacteristics

The requirementsin4.2.4.2.2 of the basicspecificationapply.

80.4.2.4.2.3 Reliability

The requirementsin 4.2.4.2.3 of the basicspecificationapply.

80.4.2.4.2.4 Salt Fog

The requirementsin4.2.4.2.4 of the basicspecificationapply.

80.4.2.4.2.5 Ozone

The requirementsin4.2.4.2.5 of the basicspecificationapply.

80.4.2.4.2.6 Fungus

The requirementsin4.2,4,2.6 of the basicspecificationapply.

80.4.2.4,2.7 Materialsand Processes

The requirementsin4.2.4.2.7 of the basicspecificationapply.

80.4.2.4.2.8 ElectromagneticCompatibility

The requirementsin4.2.4.2.8 of thebas=cspecificationapply.

80.4.2.4.2.9 ElectricalDesignRequirements

The requirementsin 4.2.4.2.9 of the basicspecificationapply.

80.4.2.4.2.10 Safety

The requirementsin4.2.4.2.10 of the basicspecificationapply.

80.4.2.4.2.11 Sand and Dust

The requirementsof 4.2.4.2.11 of thebasicspecificationapply.

80.4.2.4.2.12 CertificationbyOther Test Data

The requirementsin4.2.4.2.12 of the basicspecificationapply.

80.4.2.5 Verification Requirements Matrices

The requirementsin4.2.5 of the basicspecificationapply.

80.5 PREPARATION FOR DELIVERY

The requirementsin Section5 of the basicspecificationapply.
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Figure 80-A. A functional block diagram of the PACU
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Figure 8O-B. PACU-f Mounting and Connectors Location Diagram (1 of 2)
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Figure 80-C. PACU-2 Mounting and Connectors Location Diagram (1 of 2)
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Table 80-C1. PACU.1 Pin Assignments (continued) i
PALLET

BOX iCONN , PiN FUNCTION I TYPE
PACU-1 IX206-1 i 1 DC RTN R_'R

!PACU-1 IX206-1I 4 DCRTN R:)R
PACU-1 IX206-1 I 6 DCRTN B2B
PACU-1 tX206-1 ! 10 DCRTN I/P
PACU-1 X206-1 I 20 DCBUS B2B
PACU-1 IX206-1 i 21 IDCBUS B2B
PACU-1 rX206-1 I 25 DCBUS B2B
PACU-1 IX206-1 26 DCBUS B2B
PACU-1 IX206-1 27 DCBUS B2B
PACU-1 X206-1 t 29 DCBUS R_R
PACU-1 X206-1 31 DC BUS B2B
PACU-1 X206-1 32 DC BUS B2B
PACU-1 X222-1 1 JP (RSC-E
PACU-1 X222-1 2 JP (RSC-E

PACU-1 IX222-1 I 3 JP (RSC-EPACU-1 X222-1 4 JP (RSC-.E
PACU-1 X222-1 I 5 JP (RSC-E
PACU-1 IX222.1 i 6 JP (RSC-E
PACU-1 IX222-1 I 7 JP(RSC-E)
PACU-1 X222-1 t 8 JP (RSC-E)
PACU-1 X222-1 9 JP (RSC-E)
PACU-1 X222-1 10 , JP (RSC-E)

PACU-1 X222-1 i 11 JP (RSC-E)
FaACU-1 X222-1 12 JP (RSC-E)
PACU-1 iX222-1 i 13 JP (RSC-E)
PACU-1 tX222-1 I 14 JP (RSC,..E)
PACU-1 !X222-1 I 15 JP(RSC-E
PACU-1 fX222-1 I 16 JP(RSC-E

PACU-1 X222-1 ! 17 JP(RSC-E)
PACU-1 X22.2-1 18 JP (RSC,-E)
PACU-1 iX222.-1 I 19 JP(RSC-E)
PACU-1 IX2.22-1 20 JP (RSC-E)
PACU-1 X222.1 21 JP (RSC-E)
PACU-1 X222-1 I 22 JP (RSC-E)
PACU-1 tX222.-1 23 JP (RSC-E)
PACU-1 fX222.-1 24 JP (RSC-E) :
PACU-1 IX222-1 I 42 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)

PACU-1 IX222.-1 I 43 GROUP 1 HOOKS CNTRL CKT JP (RSC-E
PACU-1 iX222-1 45 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 IX222.-1 46 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 IX222-1 48 GROUP 1 HOOKS CNTRL CK'T JP (RSC-.E)
PACU-1 X222-1 49 GROUP 1 HOOKS CNTRL CKT _JP (RSC-E)
PACU-1 X2.22-1 51 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 )(222-1 52 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 X222-1 54 GROUP 1 HOOKS CNTRL CKT JP (RSC-E).
=ACU-1 X222-1 55 GROUP 1 HOOKS CNTRL CKT JP (RSC.-E)
=ACU-1 X222-1 57 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
_ACU-1 IX222.-1 58 GROUP 1 HOOKS CNTRL CKT JP {RSC-F_
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Table 80.C1. PACU-1 Pin Assignments (concluded)

PALLET I

BOX iCONN I PIN FUNCTION TYPE

PACU-1 IX222-1 I 60 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-I IX222-1 I 61 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 tX222-1 i 63 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 tX222-1 64 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 IX222-1 66 GROUP 1 HOOKS CNTRL CKT JP (RSC.-E)
PACU-1 X222-1 67 GROUP 1 HOOKS CNTRL CKT JP (RSC.-E)
FPACU-1 X222-1 69 GROUP 1 HOOKS CNTRL CK'T JP (RSC-E)
;PACU-1 X222-1 70 GROUP 1 HOOKS CNTRL CKT JP (RSC,.E)
PACU-1 X222-1 72 GROUP 1 HOOKS CNTRL CKT JP (RSC,.E)
PACU-1 X222-1 73 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
PACU-1 IX222-1 t 75 GROUP 1 HOOKS CNTRL CKT JP (RSC,.E)
PACU-1 IX222-1 i 76 GROUP 1 HOOKS CNTRL CKT JP (RSC-E)
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Table 80.C2. PACU.2 Pin Assignments

PALLET t

IBOX ICONN I PIN FUNCTION TYPE
PACU-2 tX204-2 i 1 PWR SUP TO M8 GROUP 2 HOOKS NL FL
PACU-2 IX204-2 i 2 PWR SUP TO M8 GROUP 2 HOOKS NL FL
PACU-2 Jx204-2 4 PWR SUPTO M8 GROUP2 HOOKS NL FL
PACU-2 1X204-2 5 PWR SUP TO M9 GROUP 2 HOOKS NL FL

PACU-2 JX204-2 I 6 =PWRSUP TO M9 GROUP 2 HOOKS NLFLPACU-2 IX204-2 10 PWR SUP TO M8 GROUP 2 HOOKS NLFL
PACU-2 I)(204-2 i 16 PWR SUP TO M9 GROUP 2 HOOKS NLFL
PACU-2 tX204-2 17 PWR SUP TO M9 GROUP 2 HOOKS NL FL
PACUo2 JX204-2 20 GROUP 2 HOOKS OPEN NL FL
_ACU-2 X204-2 i 20 GROUP 2 HOOKS IND CKT JP (RSC-E
PACUo2 )(204-2 ! 21 GROUP 2 HOOKS CLOSED NL FL
PACU-2 IX204-2 21 GROUP 2 HOOKS IND CKT JP (RSC-E
PACU-2 IX204-2 22 GROUP2 HOOKS CLOSED NL FL
PACU-2 X204-2 22 GROUP2 HOOKS IND CKT JP (RSC-E
PACU-2 X204-2 26 GROUP 2 HOOKS IND CKT JP (RSC-E)
PACU-2 X204-2 27 GROUP 2 HOOKS OPEN NL FL
PACU-2 X204-2 27 GROUP 2 HOOKS IND CKT JP (RSC-E)
PACU-2 X204o2 _ 28 GROUP 2 HOOKS IND CKT JP (RSC-E)
PACU-2 IX204-2 j 39 GROUP 2 HOOKS IND CKT JP (RSC-E)
PACU-2 JX204-2 j 40 GROUP 2 HOOKS IND CKT JP (RSC-E)
PACU-2 IX205-2 t 1 GROUP 2 HOOKS CNTRL CK'T JP (RI)
PA'CU-2 !X2.05-2 I 1 GRP 2 HKS OPEN CMD B2B
iPACU-2 IX205-.2 I 2 GROUP 2 HOOKS CNTRL CK'r JP (RI)
PACU-2 IX205.-2 3 GROUP 2 HOOKS CNTRL CKT JP (RI)
PACU-2 X205..2 4 GROUP2 HOOKS CNTRL CK'r JP (RI)
PACU-2 X205-2 6 GROUP2 HOOKS CNTRL CKT JP (RI) '
PACU-2 !X205-2 6 'GRP 2 HKSOPEN CMD B2B
PACU-2 tX205-2 t 7 GROUP 2 HOOKS CNTRL CK3" JP (RI)
PACU-2 iX205-2 i 7 GRP 2 HKS OPEN CMD B2B
PACU-2 IX205-2 8 GROUP 2 HOOKS CNTRL CKT JP (RI)
PACU-2 iX205-2 9 GROUP 2 HOOKS CNTRL CK"r JP (RI)
PACU-2 ]X205.-2 i 10 GROUP 2 HOOKS CNTRL CKT JP (RI)

!PACU-2 IX2.05-2 " 11 GROUP2HOOKSCNTRLCKT JP(RI)
:PACU-2 X2.05-2 11 GRP 2 HKS CLOSE CMD B2B
PACU-2 X205-2 14 GRP 2 HKS LOGIC CKl" B2B
PACU-2 X2.05-2 t 15 GRP 2 HKS LOGIC CKT B2B
PACU-2 JX2.05-2 16 GRP 2 HKS LOGIC CK'I" B2B
PACU-2 IX2.05-2 17 IACTUATOF HKS NO. 2 DRV B2B

PACU-2 X.205-2 t 18 GROUP 2 HOOKS CNTRL CKT JP (RI)

PACU-2 X.205--2I 18 GRP 2 HKS CLOSE CMD B2BPACU-2 IX2.05-2 19 GROUP 2 HOOKS CNTRL CKT JP (RI)
PACU-2 X.205-2 19 GRP 2 HKS CLOSE CMD B2B
PACU-2 X205-2 20 GRP 2 HKS CLOSE B2B
PACUo2 X205-2 21 GRP 2 HKS CLOSE B2B
_ACU-2 X205-2 29 GRP 2 HKS OPEN B2B
=ACU-2 X205-2 30 GRP 2 HKS CLOSE B2B
"ACU-2 X205-2 39 GRP 2 HKS OPEN B2B
:'ACU-2 !X205-2 I 41 GRP 2 HKS CLOSE B2B
'_ACU°2 JX205-2 t 51 GRP 2 HKS CLOSE B2B
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Table 80.C2. PACU.1 Pin Assignments (concluded)

PALLET i

BOX ICONN r PIN FUNCTION TYPE

PACU-2 IX222-2 _ 58 IGROUP2 HOOKS CNTRL CK"r" JP (RSC-E)
PACU-2 IX222-2 ! 60 GROUP2 HOOKS CNTRL CKT JP (RSC-E)
PACU.2 iX222-2 ,_61 GROUP 2 HOOKS CNTRL CK'T JP (RSC.-E)
PACU-2 rx,222-2 i 63 GROUP 2 HOOKS CNTRL CK'T JP (RSC-E)
PACU-2 IX,222-2 i 64 GROUP 2 HOOKS CNTRL CKT JP (RSC,.E)
PACU-2 IX222-2 i 66 GROUP 2 HOOKS CNTRL CKT JP (RSC-E)
PACU-2 !X222-2 67 GROUP 2 HOOKS CNTRL CK'I" JP (RSC,-E)
PACU-2 X22.2-2 69 GROUP 2 HOOKS CNTRL CKT JP (RSC-E)
PACU-2 X2.22-2 70 GROUP 2 HOOKS CNTRL CKT JP (RSC.-E)
PACU-2 X222.-2 72 GROUP 2 HOOKS CNTRL CK'T JP (RSC-.E)
IPACU-2 X2.22-2 73 GROUP 2 HOOKS CNTRL CKT JP (RSC-E)

!PACU-2 X222-2 75 GROUP 2 HOOKS CNTRL CKT JP (RSC.-E)
PACU-2 ix222-2 76 GROUP2 HOOKS CNTRL CK'I" JP (RSC.,-E)
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Appendix IX

90. DATA COLLECTION UNIT

90.1 SCOPE

This specificationestablishesthe performance,design,development,and verification
requirementsfor the Data CollectionUnitreferredto hereinas DCU.

90.2 APPLICABLE DOCUMENTS

N/A

90.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

90.3.1 Item Definition

The DCU shallbe designedto meet the specificinputrequirementsof the EDS/Orbiter
interface. To achievethispurposethe DCU shallperformthe followingfunctions:

A. Conditionto properlevel, form, andmode pickup-pointsignalsand transducersignalswhich
are requiredas inputsto the Orbiter InstrumentationSystem.

B. Providebufferingand isolationwhen requiredbythe designlimitationsof the monitoringequipment.

C. Provideprecisionpower to analog anddiscretesensorsas required.

90.3.1.1 Item Diagram

The functionalblockdiagramof the Data CollectionUnit isshownin Figure90-A.

90.3.1.2 Interface Definition

The functionaland physicalinterfacerequirementsbetweentheDCU, other EDS equipment
andthe OrbiterAvionicssystemsare definedinthe followingparagraphs.
90.3.1.2.2 MechanicalCharacteristics.

g0.3.1.2.2.1 Mounting

The mountingrequirementsof the DCU are shownin Figure90-B.

;]0.3.1.2.2.2 Connectors

The Data CollectionUnit shallhave connectorslocatedas shownin Figure90-B, withpin
assignmentsas showninTable 90-C.
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90.3.1.2.3 Signal Interface Definition

The DCU Line ReplaceableUnitshallinterfacewiththe Orbiteravionicssystem as shownin
Figure90-A. The individualsignalsat the DCU/Orbiter interfaceare listedon Table 90-D. A
detaileddefinitionof the interface is presentedinthe followingparagraphs.

90.3.1.2.3.1 SignalCharacteristics.

90.3.1.2.3.1.1 General

A. Isolation. Each signalinputandeach signaloutputof each circuitshall be isolatedfrom
each other by a minimumof 50 megohmsat 50 Vdc.

B. SignalGrounds. Inputand outputsignalgroundsshallbe separated by a minimumof 50
rnegohmsat 50 Vdc. Signal groundshall be separatedfrom powerground by a minimumof
50 megohmsat 50 Vdc.

90.3.1.2.3.1.2 5 Vdc AnalogConditioner

Thiscircuitshallhave the followingcharacteristics.

90.3.1.2.3.1.2.1 Signal Input.

A. Potentiometertype sensor.

Voltage 0 to 5 Vdc analog.
Impedance900 to 4700 ohms

B. Temperaturetype sensor (Resistancethermometerinputsignal).

Impedance60 to 140 ohms,-100°C to +100°C; (-148°F to +212°F)

90.3.1.2.3.1.2.2 SignalOutput

The signaloutputshall be an isolatedanalog,positive,unipolar,ungroundedvoltage in the
rangeof 0 to 5 Vdc directlyproportionalto the inputspecifiedin90.3.1.2.3.1.2.1.

A. Impedance. The impedancelookingbackintotheoutputterminalsshallbe 300 ohmsor less.

B. Current. Each amplifieroutputshallbe capable of delivering250 microamps of a signal
currentintoan external loadat full scale input.

C. Under/OverVoltageLimiting. The signaloutputshallbe limitedto the rangeof minus1.0 to
plus 6.5 vdc underany conditions.

D. Each outputshallhave a return line;analogoutputs,however,may use one returnline for
each circuitgroupof four.

90.3.1.2.3.1.2.3 Data FrequencyResponse.

A. Passband. The conditionershallhavea frequencyresponsefiatwithin1 percentfor signal
inputfrom dc to 3 Hz, andwithin5 percentfor a signalinputgreaterthan 4 Hz to 10 Hz.
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B. Roltoff. The data signal shall be attenuated no more than 3 dB at 35 Hz and 30 dB or
greater at 400 Hz input frequency and shall roll off at a rate of 12 dB per octave or greater
for frequencies above 400 Hz.

90.3.1.2.3.1.3 5 Vdc Discrete Conditioner

This circuit shall have the followingcharacteristics:

90.3.1.2.3.1.3.1 SignalInput.

Sensor-closurebi-levelopen-closesignal:

Voltage:Open, 0 volts;Closed, 5 volts
Impedance: Open, 100k minimum;Closed,100 ohms maximum

90.3.1.2.3.1.3.2 SignalOutput

The signaloutputshall be an isolatedstepvoltage level.

A. Logic"one". The logic"one"outputshallbe 5.0 plusor minus1.0 Vdc and provide
maximumcurrentof 1.25 milliamperes.

B. Logic"zero". The logic"zero" outputshallbe zero plusor minus0.5 Vdc.

3. Impedance. Outputimpedanceshallbe 1200 ohmsmaximum.

9. Rise and Fall Time. Rise andfall timeshallbe greater than20 microsecondsbut shallnot
exceed 1 millisecond.

IE. One return wire can service a set of four sensors.

90.3.1.2.3.1.3.3 Data Response Times.

A. Response Time. The conditioners shall meet the specification limits for their signal output
characteristics within 100 milliseconds or less under any power source, environmental or
loading conditions specified herein.

13. Under- and Over-Voltage Limiting. The signal output shall be limited to a range of minus
0.5 to plus 6.5 vdc under any conditions.

90.3.1.3 Item Identification

"the identification of the DCU shall be as follows:

Buyer Seller Traceability Maintenance

No. Level
DCU MC621-0087-0008 TA082 Ts LRU

I
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90.3.2 Characteristics.

90.3.2.1 Performance Characteristics

The DCU shall have the capability to accommodate all EDS measurements required.
Characteristics of the DCU shall conform to the requirements specified herein.

90.3.2.1.1 Life Requirements

The requirements in 3.2.1.1. of the basic specification apply.

90.3.2.1.2 Design Approach

The requirements in 3.2.1.2 of the basic specification apply.

90.3.2.1.3 Signal Characteristics, Error.

A. Analog Channel. The error of the analog conditioner shall not be greater than plus or
minus 1.0 percent of the full-scale output. The error shall be determined by a root-sum-
square determination of the errorsdue to non-linearity,hysteresis,repeatability, output
noise,and zero andgain instability,for any combinationof environment,power-source
voltage,output loading,andsignalsource-impedancevariationsspecifiedhereinoveroperatinglife.

B. Discrete Channel. Forevery discreteinputan isolateddiscreteoutputshall occurwith
outputcharacteristicsdefined herein.

C. Total Error Band. The total error band whichincludesthe sensors,the effects of
environment,input-powervariations,and unitperformancethat contributesto the error shall
not exceed plus or minus3.0 percentof full-scaleoutput.

90.3.2.2 Physical Characteristics.

90.3.2.2.1 Envelope

The envelope of the DCU shallnotexceed the dimensionsshownin Figure90-B.

90.3.2.2.2 Weight

The weightof each DCU shall notexceed 9.8 pounds.

90.3.2.3 Reliability

The requirementsof 3.2.3 of the basicspecificationapply.

90.3.2.3.1 Redundancy

The DCU shallbe designedso that a failure of any componentor failureinany inputor any
circuitshallnotaffect more than onecircuitmeasurement.

90.3.2.4 Environment
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The requirements of 3.2.5.1.2 and 3.2.5.2.2 of the basicspecificationapply.

;a0.3.2.5 Transportability

The requirements of 3.2.6 of the basic specification apply.

!;)0.3.3 Design and Construction

"rhe requirements of 3.3 of the basic specification apply, except that the following paragraph
takes precedence over 3.3.3.2.1.

!)0.3.3.1 Power Consumption

The DCU shall consume no more than 35 watts.

90.3.3.2 Instrumentation

90.3.3.2.1 CalibrationData Requirements

Calibrationdata and accuraciesshallbe providedfor all measurementsoriginatingin each end
ii:em. The actual calibrationrequirementsforeach measurementshallbe determinedfrom an
examinationof theexpectedsignaloutputcharacteristicsand identifiedas applicableto oneof
t_e followingcategoriesand processedaccordingly.The subcontractorshall make everyeffort
to select instrumentationwhose outputsignalsfall intoCategory la to minimizethe data-
processingloadduringvehiclecheckout.

;,0.3.3.2.1.1 Category 1: LinearMeasurements

A. Normalized Linear Calibrationand Accuracy. A theoreticalstraightlinerepresentingzero
signaloutputat lowengineering-scaleinputand fullsignaloutputat highengineering-scale
inputis usedas a calibrationreference. An errorband derivedfrom the designcontrol
specificationsshall be determined andenteredon a datasheet for each measurementso
categorized.

E. ObservedLinearCalibrationand Accuracy. A theoreticalstraightline as describedin
90.3.3.3.3.1.la is usedas a calibrationreference;however,an errorband derivedfrom the
actualobserved calibrationdata shallbe usedand recordedon standarddata sheets.

C. Linear Measurementswith"y" Intercept= Zero. A best-fitstraightlinederivedfrom using
least-squaresmethodsdefinedbythe actualobserveddata is usedas a calibration
reference. An errorband definedbytheactualobserveddata'sdeviationfromthe best-fit
line shallbe computedand plottedon graphpaper formeasurementsso categorized.

90.3.3.2.1.2 Category 2: Non-LinearMeasurements

Sufficientdata shallbe providedto enabledata processingof a facsimilecurvewhose
difference from the originaldata does notexceed 1/2 of I percentfull scale.

A. NormalizedNon-LinearCalibrationandAccuracy. The polynomialcalibrationreference

I curves used shall be based on the equipmenttheoreticalcurves. Anerror band derived
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from the equipment designcontrol specificationerror band shall be computed and plotted
on graph paper for measurements so categorized.

B. Observed Non-Linear Calibration and Accuracy. A best-fit curve shall be based on the
observed data. An error band derived from the maximum deviations of the curve fit shall be
computed and plotted on graph paper for measurements so categorized.

90.3.3.2.1.3 Category 3: Special-Case Data Points

A tabulation of calibration data points shall be made for any special measurement which, due to
the character of the calibration curve, does not tend itself to computer data processing (e.g., S-band power output).

90.3.3.2.1.4 Performance (Accuracy)

The subcontractor shall establish measurement design concepts and shall select measurement
components compatible with the developing Seller's design goals for measurement accuracy.
The measurement accuracies specified in this document shall be interpreted as the interface

accuracies. The accuracy specified is defined as the range of uncertainty of the signal output
value for a known input where the hysteresis history is unknown. In addition to hysteresis, the
uncertainty includes the effects of non-linearity, repeatability, and stability. The term stability
includes all environmentally introduced effects, zero and linearity drift, and aging factors.

90.4 QUALITY ASSURANCE PROVISIONS

90.4.1 General Requirements

The requirements in 4.1 of the basic specification apply.

90.4.2 Quality Conformance

The requirements in 4.2 of the basic specification apply.

90.4.2.1 Development

The requirements in 4.2.1 of the basic specification apply.

90.4.2.2 Acceptance

Acceptance tests and inspections shall be performed on the DCU to be employed on the
delivered units to the Buyer. The minimum number of tests and inspections, and sequence
thereof shall be as specified in Table 90-A. The Seller shall perform any additional test deemed
necessary, subject to approval of the Buyer.
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Table 90-A. Acceptance Requirements

Paragraph Listed in
Inspection & Test Recommended Sequence

Examinationof Product 90.4.2.2
Functional& PerformanceTest 90.4.2.2.2
InsulationResistanceTest 90.4.2.2.2.1
Dielectric-StrengthTest 90.4.2.2.2.2
CalibrationTest 90.4.2.2.2.3
AcceptanceVibrationTest 90.4.2.2.3
AcceptanceThermalTest 90.4.2.2.4
AcceptanceHumidityTest 90.4.2.2.5
Functional& Performance 90.4.2.2.2.

NOTE." Dudng acceptancetestswiththe environment,each measurementchannel
shall be tested by applyingan inputstimulusof knownvalue and monitoringexpected
outputlevels.

90.4.2.2.1 Examinationof Product

The requirements in4.2.2.1 of the basicspecificationapply.

90.4.2.2.2 Functionaland PerformanceTests

The requirementsin4.2.2.2 of the basicspecificationapply.

90.4.2.2.2.1 InsulationResistanceTest

The requirementsin4.2.2.2.1 of the basicspecificationapply.

90.4.2.2.2.2 DielectricStrengthTest

The requirementsin4.2.2.2.2 of the basicspecificationapply.

90.4.2.2.2.3 CalibrationTest

A calibrationtestshall be performed on each signal-conditioningchannelbyapplyingan input
stimulusof knownvalueand representativeof the expectedoperationlevels. The data shallbe
recordedandsubmittedto Buyer. The testshallbe conductedas follows:

A. Category1 and 2 measurementsshallhavea minimumof five stepsup from zero to full-
scale input,(six data pointsincludingzero andfull scale), andfourstepsdown from full-
scale to zero input,(fivedata points includingfullscale andzero). Note that a) the full-scale
inputpointis the same goingup as comingdown, andb) the intermediateinput points
between full scaleand zero are differentcomingdownthangoingup.

B. Category 3 measurementsshallhave a minimumof tenstepsup from zero to full-scale
input,(eleven data pointsincludingzero and full scale),and ninestepsdown from full-scale
to zero input,(ten data pointsincludingfullscale andzero). Note that a) the full-scaleinput
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pointis the same goingup as comingdown,and b) the intermediateinputpointsbetween
fullscaleandzero are differentcomingdownthan goingup.

90.4.2.2.2.3.1 CalibrationData History

All calibrationperformedon instrumentationsignalsshallbe documentedincludingthat
performed by the subcontractor'ssubtlersuppliers,and submittedinaccordancewiththe
ProcurementData Requirementsof AppendixXV of thisspecification.

90.4.2.2.3 AcceptanceVibrationTests (AV'I')

The requirementsin4.2.2.3 of the basicspecificationapply. All acceptancevibrationtestsshall
be performedwiththe DCU vibrationisolatorsremoved.

90.4.2.2.4 AcceptanceThermalTests (A'l-r)

The requirementsin4.2.2.4 of the basicspecificationapply.

90.4.2.2.5 AcceptanceHumidityTest

The requirementsof 4.2.2.5 of the basicspecificationapply.

90.4.2.3 Assessment

The requirementsin4.2.3 of the basicspecificationapply.

90.4.2.3.1 Reliability

The requirements in 4.2.3.1 of the basic specification apply.

90.4.2.3.2 Materials and Processes

The requirements in 4.2.3.2 of the basic specification apply.

90.4.2.3.3 Parts Standardization

The requtrements in 4.2.3.3 of the basic specification apply.

90.4.2.3.4 Electrical Design Requirements

The requirements in 4.2.3.4 of the basic specification apply.

90.4.2.3.5 Interchangeability

The requirements in 4.2.3.5 of the basic specification apply.

90.4.2.3.6 Human PerformancelHuman Engineering

The requsrements in 4.2.3.6 of the basic specification apply.

90.4.2.3.7 Safety

The requirementsin 4.2.3.7 of the basic specification apply.
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90.4.2.3.8 Identificationand Marking

The requirements in 4.2.3.9 of the basic specificationapply.

90.4.2.4 Certification

'Therequirements in 4.2.4 of the basic specification apply.

90.4.2.4.1 Qualification Tests

Qualification testing performed to satisfy the requirements in the performance and design
verification matrix of Section 4, Table V shall be in conformance with the requirements of this
paragraph. Qualification test specimens shall be subjected to the tests specified in the
,'_equenceshown.

Table 90-B. Qualification Requirements

Paragraph listed in

Suggested Test sequence Recommended Sequence
AcceptanceTest 90.4.2.2
PerformanceTest 90.4.2.4.1.2
PowerTest 90.4.2.4.1.7
* EMC Test 90.4.2.4.1.9
PressureCycleTest 90.4.2.4.1.13
Vacuum OperationTest 90.4.2.4.1.14
Vibration 90.4.2.4.1.4
Thermal VacuumTest 90.4.2.4.1.10
Life 90.4.2.4.1.12
Shock 90.4.2.4.1.6
FinalPerformance Test 90.4.2.4.1.2

* Test and analysiswillbe conducted,anddocumentedby Buyer.

NOTE." Duringqualificationtests withthe environment,each measurement
channelshallbe tested by applyingan inputstimulusof knownvalue and
monitoringexpectedoutputlevels.

90.4.2.4.1.1 Test Hardware

Qualificationtest hardwareshallbe of the same configurationas flighthardware.

90.4.2.4.1.2 Performance Requirements

The requirementsin 4.2.4.1.2 of the basicspecificationapply.

93.4.2.4.1.3 HumidityTest

The requirementsin4.2.4.1.3 of the basicspecificationapply.

90.4.2.4.1.4 Vibration

i
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90.4.2.4.1.4.1 Qualification - Acceptance Vibration Test (QAVT)

The requirements in 4.2.4.1.4.1 of the basic specification apply except that the test shall be
performed in two steps; first without DCU vibration isolators for 300 seconds per axis, then for
900 seconds per axis with vibration isolators.

90.4.2.4.1.5 Acceleration

The requirements in 4.2.4.1.5 of the basic specification apply.

90.4.2.4.1.6 Shock

The requirements in 4.2.4.1.6 of the basic specification apply.

90.4.2.4.1.7 Power Test

The requirements in 4.2.4.1.7 of the basic specification apply.

90.4.2.4.1.8 Lightning

The requirements in 4.2.4.2.12 of the basic specification apply.

90.4.2.4.1.9 Electromagnetic Compatibility Tests

The requirements in 4.2.4.1.9 of the basic specification apply.

90.4.2.4.1.10 Thermal Vacuum Test

The requirements in 4.2.4.1.10 of the basic specification apply.

90.4.2,4.1.11 Transportation Test

N/A

90.4.2.4.1.12 Operating Life Test

The requirements in 4.2.4.1.12 of the basic specification apply.

90.4.2.4.1.13 Pressure Cycle Test

The DCU shall be placed in a vacuum chamber evacuated to lx10 "_mm Hg (1.9x10 "spsia). The
interior of the DCU shall then be subjected to twenty (20) pressure cycles between the

chamber's lx10 -3mm Hg (1.9x10 "5psia) and 970 mm Hg (18.8 psia). The rate of change of
interior pressure shall not exceed 20 mm Hg (0.4 psi) per minute. Dwell time

at each pressure shall be between 8 and 10 hours. After exposure to this environment the DCU shall
not show any gas leakage with its interior pressurized to 970 mm Hg (18.8 psid).

90.4.2.4.1.14 Vacuum Operation Test

The DCU shall be placed with open seals in a vacuum chamber evacuated to lx10 "3mm Hg
(1.9x10 "5psia). The unit shall be powered-on for 5 hours every 24 hours, with functional checks
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at the beginning and end of each powered cycle. The total time of exposure to vacuum shall be
not less than 200 hours.

90.4.2.4.2 Certification By Analysis

The requirements in 4.2.4.2 of the basic specification apply.

_0.4.2.4.2.1 Storage/Operating Life

']'he requirements in 4.2.4.2.1 of the basic specification apply.

90.4.2.4.2.2 Physical Characteristics

"l'he requirements in 4.2.4.2.2 of the basic specification apply.

90.4.2.4.2.3 Reliability

The requirements in 4.2.4.2.3 of the basicspecification apply.

90.4.2.4.2.4 Salt Fog

]'he requirements in 4.2.4.2.4 of the basic specification apply.

.q0.4.2.4.2.5 Ozone

"]'herequirements in 4.2.4.2.5 of the basic specification apply.

_0.4.2.4.2.6 Fungus

The requirements in 4.2.4.2.6 of the basic specification apply.

90.4.2.4.2.7 Materials and Processes

"]'herequtrements in 4.2.4.2.7 of the basic specification apply.

90,4.2.4.2.8 Electromagnetic Compatibility

The requirements in 4.2.4.2.8 of the basic specification apply.

90.4.2.4.2.9 Electrical Design Requirements

The requirements in 4.2.4.2.9 of the basic specification apply.

93.4.2.4.2.10 Safety

The requirements in 4.2.4.2.10 of the basic specification apply.

90.4.2.4.2.11 Sand and Dust

Toe requirements of 4.2.4.2.11 of the basic specification apply.

90.4.2.4.2.12 Certification by Other Test Data

i The requirements in 4.2.4.2.12 of the basic specification apply.
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90.4.2.5 Verification Requirements Matrices

The requirements in 4.2.5 of the basic specification apply.

90.5 PREPARATION FOR DELIVERY

The requirements in Section 5 of the basic specification apply.
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Figure 90-A. A functional block diagram of the DCU
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Figure 90-B. DCU-1 Mounting and Connectors Location Diagram (2 of 2)
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Figure 90-C. DCU-2 Mounling and Connectors Location Diagram (1 of 2)
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Figure 90-C. DCU-2 Mounting and Connectors Location Diagram (2 of 2)
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Table 90-C2. DCU-2 Pin Assignments

PALLET

BOX ICONN PiN FUNCTION I TYPE
DCU-2 X1-2 1 SHD FOR ALL'B =FCNS (XT2) AlL FL
DCU-2 X1-2 2 LWR BALLSCKT 1 TEMP (COM) AlL FL
DCU-2 X1-2 3 LWR BALLSCKT 2 TEMP (COM) AlL FL
DCU-2 XI-2 4 LWR BALLSCKT 3 TEMP (COM) AlL FL
DCU-2 X1-2 7 CAPTURE LATCH 1 TEMP (COM) NL FL
DCU-2 X1-2 8 CAPTURE LATCH 2 TEMP (COM) NL FL
DCU-2 X1-2 9 CAPTURE LATCH 3 TEMP (COM) NL FL
:DCU-2 X1-2 12 LWRBALLSCKT 1TEMP (EXC) NL FL
DCU-2 IX1-2 13 LWRBALLSCKT 1TEMP (SIG) NL FL
DCU-2 X1-2 14 LWR BALLSCKT 2 TEMP (EXC) AlL FL
DCU-2 X1-2 15 LWR BALLSCKT 2 TEMP (SIG) AlL FL
DCU-2 X1-2 16 LWR BALLSCKT 3 TEMP (EXC) NL FL
DCU-2 X1-2 17 LWR BALLSCK'r 3 TEMP (SIG) AlL FL
DCU-2 X1-2 18 CAPTURE LATCH 1 TEMP (EXC) NL FL
DCU-2 X1-2 19 CAPTURE LATCH 1 TEMP (SIG) NL FL
DCU-2 X1-2 20 CAPTURE LATCH 2 TEMP (EXC) NL FL
DCU-2 X1-2 21 CAPTURE LATCH 2 TEMP (SIG) NL FL

IDCU-2 X1-2 22 CAPTURE LATCH 3 TEMP (EXC) AlL FL
DCU-2 X1-2 23 CAPTURE LATCH 3 TEMP (SIG) AlL FL
DCU-2 IX1-2 39 BALLSCREW 2 MISALIGN (COM) AlL FL
DCU-2 X1-2 40 BALLSCREW 3 MISALIGN (COM) AlL FL
DCU-2 Xl-2 41 BALL SCREW 1 LIN ADV (COM) AlL FL
DCU-2 X1-2 42 BALL SCREW 2 LIN ADV (COM) AlL FL
DCU-2 X1-2 43 BALL SCREW 3 LIN ADV (COM) AlL FL
DCU-2 X1-2 44 BALL SCREW 1 MISALIGN (COM) AlL FL
DCU-2 X1-2 47 BALLSCREW 2 MISALIGN (SIG) NL FL
DCU-2 X1-2 49 BALL SCREW 3 MISALIGN (SIG) AlL FL
DCU-2 X1-2 51 BALL SCREW 1 LIN ADV (SIG) AlL FL
DCU-2 X1-2 53 BALLSCREW 2 LIN ADV (SIG) AlL FL
IDCU-2 X1-2 55 BALLSCREW 3 LIN ADV (SIG) AlL FL
DCU-2 X1-2 57 BALLSCREW 1 MISALIGN (SIG) NL FL
DCU-2 X1-2 63 BALLSCREW 2 MISALIGN (EXC) AlL FL
DCU-2 X1-2 64 BALLSCREW 3 MISALIGN(EXC) AlL FL
DCU-2 ×1-2 65 BALLSCREW 1 LIN ADV (EXC) NL FL
DCU-2 X1-2 66 IBALLSCREW 2 LIN ADV (EXC) AlL FL
DCU-2 X1-2 67 :BALLSCREW 3 LIN ADV (EXC) AlL FL
DCU-2 X1-2 68 BALLSCREW 1 MISALIGN (EXC) AlL FL
DCU-2 X2-2 2 LOWER BALLSOCKETS NO. 1 TEMP NL FL
DCU-2 X2-2 3 LOWER BALLSOCKETS NO. 2 TEMP AlL FL
DCU-2 X2-2 4 LOWER BALLSOCKETS NO. 3 TEMP AlL FL
DCU-2 X2-2 5 CAPTURE LATCH NO. 1TEMP AlL FL
DCU-2 X2-2 6 COMMON RTN AlL FL
DCU-2 X2-2 7 CAPTURE LATCH NO. 2 TEMP AlL FL
DCU-2 X2-2 8 CAPTURE LATCH NO. 3 TEMP AlL FL
DCU-2 X2-2 11 COMMON RTN AlL FL
:)CU-2 X2-2 12 PAIR BALLSCREW NO. 2 MISALIGN AlL FL
::)CU-2 X2.-2 13 PAIR BALLSCREW NO. 3 MISALIGN AlL FL
:)CU-2 IX2o2 14 PAIR BALLSCREW NO. 1 LIN ADV AlL FL
:)CU-2 X2-2 15 PAIR BALLSCREW NO. 2 LIN ADV AlL FL
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Table 90-C2. DCU-2 Pin Assignments (continued)
PALLET

BOX CONN PIN FUNCTION TYPE
DCU-2 X2-2 16 COMMON RTN A/L FL
DCU-2 X2-2 17 PAIR BALLSCREW NO. 3 LIN ADV A/L FL
DCU-2 X2-2 18 PAIR BALLSCREW NO. 1 MISALIGN A/L FL
DCU-2 )(2-2 21 COMMON RTN A/L FL
DCU-2 X3-2 2 UNDOCK COMPLETE A/L FL
DCU-2 IX3-2 3 UNDOCK COMPLETE RTN AJLFL
DCU-2 :X3-2 4 READYTO HOOK NL FL
DCU-2 X3-2 5 ICONTROL SENSOR RETURN NL FL
DCU-2 X3-2 6 _GROMP1 HOOKS CLOSED POS NL FL
DCU-2 X3-2 7 GROUP 1 HOOKS CLOS POS RTN NL FL
DCU-2 X3-2 8 GROUP 1 HOOKS OPEN POSITION A/L FL
DCU-2 X3-2 9 GROUP 1 HOOKS OPEN POS RTN NL FL
DCU-2 X3-2 10 GROUP 2 HOOKS CLOSED POS NL FL
DCU-2 X3-2 11 CONTROL SENSOR RETURN NL FL
DCU-2 X3-2 12 GROUP 2 HOOKS OPEN POSITION NL FL
DCU-2 X3-2 13 GROUP 2 HOOKS OPEN POS RTN NL FL
DCU-2 X3-2 14 RING FINAL POSITION NL FL
DCU-2 X3-2 15 RING FINAL POSITION RTN NL FL
DCU-2 X3-2 16 RING FORWARD POSITION A/L FL

IDCU-2 X3-2 17 RING FORWARD POSITION RTN A/L FL
IDCU-2 X3-2 18 CAPTURE LATCHES CLOSED A/L FL
!DCU-2 X3-2 19 CAPTURE LATCHES CLOS RTN A/L FL
DCU-2 X3-2 20 CAPTURE LATCH OPEN A/L FL
DCU-2 X3-2 21 CAPTURE LATCH OPEN RTN A/L FL
DCU-2 X3-2 22 RING INITIAL POSITION NL FL
DCU-2 X3-2 23 RING INITIAL POSITION RTN NL FL
DCU-2 IX3-2 24 LATCHES MANUALRELEASE A/L FL
DCU-2 X3-2 25 LATCHES MANUALREL RTN NL FL
DCU-2 X3-2 26 SY_TP.MPOWER BUSA NL FL
DCU-2 X3-2 27 COMMON RTN NL FL
DCU-2 X3-2 28 ISYS=f:M POWER BUS B NL FL
DCU-2 X3-2 30 iSYSTEM POWER BUS C NL FL
DCU-2 X3-2 32 PYRO LOGIC BUS A NL FL
DCU-2 X3-2 34 PYRO LOGIC BUS B NL FL
DCU-2 X3-2 36 PYRO LOGIC BUS C NL FL
DCU-2 X3-2 38 HEAJI:R NO. 3/DCU POWER BUS NL FL
DCU-2 X3-2 40 CONT PNL LOGIC PWR BUS A NL FL
DCU-2 X3-2 42 CONT PNL LOGIC PWR BUS B NL FL
DCU-2 X3-2 44 CONT PNL LOGIC PWR BUS C NL FL
DCU-2 X3-2 46 HEATER NO. 1 POWER BUS NL FL
DCU-2 X3-2 48 HEATER NO. 2/DCU POWER BUS NL FL
DCU-2 X3-2 51 COMMON RTN NL FL
DCU-2 X4-2 2 UNDOCK COMPLE]E NL FL
DCU-2 X4-2 3 READY TO HOOK NL FL
DCU-2 X4-2 4 HOOKS NO. 1 CLOSED POS NL FL
DCU-2 X4-2 5 HOOKS NO. 1 OPEN POS A/L FL
IDCU-2 X4-2 6 COMMON RTN NL FL
:DCU-2 X4-2 7 HOOKS NO, 2 CLOSED POS NL FL

DCU-2 X4-2 8 HOOKS NO. 2 OPEN POS NL FLDCU-2 X4-2 9 DOCKING RING FINAL POS NL FL
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Table 90-C2. DCU-2 Pin Assignments (concluded)

PALLET

BOX CONN PIN FUNCTION TYPE
DCU-2 X4-2 10 DOCKING RING FWD POS NL FL
DCU-2 X4.-2 11 COMMON RTN NL FL
DCU-2 X4-2 12 CAPTURE LATCHES CLOS POS NL FL

IDCU-2 X4-2 13 CAPTURE LATCHES OPEN POS NL FL
DCU-2 X4-2 14 DOCKING RING INITIAL POS NL FL
DCU-2 IX4-2 15 LATCHES MAN REL INIT POS NL FL
DCU-2 X4.-2 16 COMMON RTN NL FL
DCU-2 X4-2 17 ISYSIP_..MPOWER BUS A NL FL
DCU-2 X4-.2 18 SYSTEM POWER BUS B NL FL
DCU-2 X4-2 19 SYSTEM POWER BUS C NL FL
DCU-2 X4-2 20 PYRO LOGIC BUSA NL FL
DCU-2 X4-2 21 COMMON RTN NL FL
DCU-2 X4-2 22 PYRO LOGIC BUS B NL FL
DCU-2 X4-2 23 PYRO LOGIC BUS C A/L FL
IDCU-2 X4-2 24 HEALER NO. 3/DCU POWER BUS A/L FL
DCU-2 X4-2 25 CONT PNL LOGIC PWR BUS A A/L FL
DCU-2 X4-2 26 COMMON RTN NL FL
DCU-2 X4-2 27 CONT PNL LOGIC PWR BUS B NL FL
DCU-2 IX4-2 28 CONT PNL LOGIC PWR BUS C NL FL
DCU-2 IX4-2 29 HEATER NO. 1 POWER BUS NL FL
DCU-2 X4-2 30 IHEATER NO. 2/DCU POWER BUS NL FL
DCU-2 X4-2 31 COMMON RTN NL FL
DCU-2 X6-2 2 DCU PWR H2+ ('1"1DC BUS) NL FL
DCU-2 X6-2 3 DCU PWR H3+ (1"2DC BUS) NL FL
DCU-2 X6-2 9 DCU PWR H2- (T1 DC BUS) NL FL
DCU-2 X6-2 10 DCU PWR H3,- (3"2DC BUS) NL FL
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Table 90-D. DCU Measurement List

ANALOG

1 PAIR BALL SCREW NO. 1 MISALIGNMENT
2 PAIR BALLSCREW NO. 2 MISALIGNMENT
3 PAIR BALLSCREW NO. 3 MISALIGNMENT
4 PAIR BALLSCREW NO. 1 LIN ADV
5 PAIR BALL SCREW NO. 2 LIN ADV
6 PAIR BALL SCREW NO. 3 LIN ADV
7 LIN ADV HOOKS NO. 1 DRIVE UNIT
8 LIN ADV HOOKS NO. 2 DRIVE UNIT

TEMPERATURE

1 DOCKING INTERFACE TEMP NO. 1
2 DOCKING INTERFACE TEMP NO. 2
3 DOCKING INTERFACE TEMP NO. 3
4 LWR BALLSOCKETS NO. 1 TEMP
5 LWR BALLSOCKETS NO. 2 TEMP
6 LWR BALL SOCKETS NO. 3 TEMP
7 CAPTURE LATCH NO. 1 TEMP
8 CAPTURE LATCH NO. 2 TEMP
9 CAPTURE LATCH NO. 3 TEMP
10 DOCKING RING DRIVE TEMP
11 HOOKS DRIVE TEMP NO. 1
12 HOOKS DRIVETEMP NO. 2
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DISCRETE

1 ELECTROMAG BRAKE ACTUATION
2 DOCKING RING DRIVE BUS 1
3 INITIAL CONTACT
4 RING ALIGNMENT

5 ACTUATION OF DOCKING RING DRIVE
6 ACTUATION OF HOOKS NO. 1 DRIVE
7 ACTUATION OF HOOKS NO. 2 DRIVE
8 ACTUATION OF CAPTURE LATCH DRIVE
9 APDS CIRCUIT PROTECTION OFF
10 FIXER ACTUATION
11 CAPTURE

12 PYRO CKT PROTECTOFF 1
13 PYRO CKT PROTECT OFF 2

14 ELECTROMAG FIXERS 3,4,&5 BUS POWER
15

16 UNDOCK COMPLETE
17 READY TO HOOK
18 HOOKS NO. 1 OPEN POSITION
19 HOOKS NO. 1 CLOSE POSITION
20 HOOKS NO. 2 CLOSE POSITION
21 HOOKS NO. 2 OPEN POSITION
22 DOCKING RING FINAL POS
23 DOCKING RING FORWARD POS
24 CAPTURE LATCHES CLOSED POS
25 CAPTURE LATCHES OPEN POS
26 DOCKING RING INITIAL POS
27 LATCHES MANUAL RELEASE INITIAL POS
28 CONTROL PANEL LOGIC POWER BUS B
29 CONTROL PANEL LOGIC POWER BUS C
30 HEATER NO. 1 POWER BUS
31 HEATER NO. 2/DCU POWER BUS
32 APDS POWER BUSA
33 APDS POWER BUS B
34 APDS POWER BUS C
35 PYRO LOGIC POWER BUS A
36 PYRO LOGIC POWER BUS B
37 PYRO LOGIC POWER BUS C
38 CONTROL PANEL LOGIC POWER BUS A
39 HEATER NO. 3/DCU POWER BUS
40 DOCKING RING DRIVE BUS 2
41 HOOKS DRIVE BUS NO. 1
42 HOOKS DRIVE BUS NO. 2
43 ELECTROMAG BRAKES 1 & 2 BUS POWER
44 ELECTROMAG BRAKE 3 BUS POWER
45 ELECTROMAG FIXERS 1 & 2 BUS POWER
46 APDS POWER ON
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Appendix X

100. DOCKING CONTROL PANEL

100.1 SCOPE

This appendix defines the detailed requirements for the Docking Control Panel (DCP).

100.2 APPLICABLE DOCUMENTS

N/A

100.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,except as follows:

100.3.1 Item Definition

The DCP shall have meansto providedisplaysand controlsto the crew of criticalfunctions
drivingthe EDS suchas Power Switchingand Controls,FunctionalControlsand Fault
Annunciation.

100.3.1.1 Item Diagram

A functionalblockdiagramof the DCP is illustratedin Figure100-A.

100.3.1.2 Interface Definition

The functionaland physicalinterfacerequirementsbetweenthe DCP, the EDS boxes,and the
OrbiterAvionicsare definedinthe followingparagraphs.

100.3.1.2.1 ElectricalPower Characteristics

The electrical powercharacteristicsshallbe inaccordancewiththe requirementsin 3.1.2.1 of
the basic specification.

100.3.1.2.2 MechanicalCharacteristics.

100.3.1.2.2.1 Mounting

Provisionsfor mountingthe DCP shallbe as shownin Figure100-B.

100.3.1.2.2.2 Connectors

The DCP shallhave connectorslocatedas shownin FigureIO0-B, withpinassignmentsasshownin Table 100-C.
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100.3.1.3 Item Identification

The DCP shallbe identifiedas follows:

Buyer Seller Traceability Maintenance
Nomenclature r.O_gEt.LgL_L_ _ _ Level

DCP MC621-0087-0009 SLIYu.468312.001 Ts LRU

100.3.2 Characteristics.

100.3.2.1 Performance Characteristics

The DCP shall provide the crew with the controls required to perform the mating and demating
of the Orbiter to the ISSA; the DCP shall also have the capability to alert the crew of any out-of-
range parameters, as well as the status of the EDS.

100.3.2.1.1 Life Requirements

The requirements in 3.2.1.1 of the basic specification apply.

100.3.2.1.2 Design Approach

The requirements in 3.2.1.2 of the basic specification apply.

100.3.2.1.3 Signal Characteristics

Characteristics of signals that are unique to the DCP are as follows:

TBS

100.3.2.2 Physical Characteristics

100.3.2.2.1 Envelope

The DCP shall have an envelope defined in Figure 100-B.

100.3.2.2.2 Weight

The weight of the DCP shall not exceed 26.5 lbs (12 kg).

100.3.2.2.3 Exposed Edges

The design of all hardware exposed to the flight crew during normal operations shall incorporate
arrangements necessary for crew safety, such as: generous comer and edge radii, panel
closures, etc. The following construction criteda shall be adhered to:

A. Panel comers shall be rounded to a minimum radius of .0125 inches (0.3175 ram).

B. Panel edges shall be rounded sufficiently to prevent injury.
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100.3.2.2.4 Standingand PushOff Loads

The DCP shallbe structurallydesignedso as to supporta static350 lb. (158.8 kg) load applied
overa 4X4 inch(101.6 X 101.6 ram) area.

100.3.2.2.4.1 Panel MountingHardware

The preferredPanel mountinghardwarehead styleis torque-set. All Panel mountinghardware
shall be finishedinsucha manner as to eliminatespecularreflectionof light.

100.3.2.2.5 Closeouts

The DCP shallbe designedto preventany floatingdebrisfrom passingthrough. In addition,
when the DCP is installed,all cracks,gaps, etc., betweenthe Panel and its relatedstructure
shall be coveredor closedout by a suitablematedal to preventfloatingdebris from passing
through.

100.3.2.2.6 Finishes

The rear Panel surface shall not be painted,butthe finishshallbe Buyer approved. Panel
mountingsurfacesshallbe preparedby Buyerapprovedelectricalbonding.

100.3.2.2.7 Color

The displaycolorsare to be standardizedandshall be subjectof Buyerapproval.

100.3.2.2.8 Fire Protection

The DCP shall have adequate provisionsfor fire protection.

100.3.2.2.8.1 Fire Holes

The DCP shallhave on its form surface a "fire hole" locatedso as to allowa fire extinguisher
nozzleto be inserted. The diameterof the holeshallbe 0.50 inches(12.7 mm). The holeshall
be coveredby a 0.75 inch(19.05 mm) diameter circularred decalplacedover the fire hole.
The decal shallbe solidwithtear perforationsacrossthe center, the purposebeing to prevent
debrisfrom enteringthePanelw'nilestillallowingsmoketo escape. Buyerwill providethisdecal.

100.3.2.2.9 Rear Panel Enclosure

In order to protectthe Panel-mounteddisplay-and-controlcomponentsfrom damageduring
handlinga rear Panel enclosureis recommended. There is no requirementfor the enclosureto
be sealed.

100.3.2.2.10 Glass Protection

All glassusedin the crew compartmentshallhave provisionsto preventitsescape intothe
cabin atmosphereshouldits breakageoccur. The glassshallbe subjectedto an impacttest in
orderto verifythe methodof glassprotection.A one-inch-diametersphericalballshall be
droppedon the centerof the glassfive times. The energyshallbe five foot-pounds. The glass
shallnot break, shatter, or splinterinsucha mannerthatglasssplinterscouldenter the cabin
atmosphere.
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100.3.2.2.11 Nomenclature

The preferred method of applying nomenclature to the DCP shall be the silk-screen process
using a commercial "futura Demibold" font style.

100.3.2.2.12 Component Protection

In order to avoid damage to or inadvertent actuation of display and control components during
both ground operation and on-orbit activities, components shall be suitably protected. The DCP
shall be mounted as follows:

Toggle switches shall be mounted on the surface of flat display and controlPanels.

Switch guards (wickets) shall be used to protect switches from damage orinadvertent actuation.

Pushbutton switches shall be flush mounted such that the top surface of the
pushbutton is flush with the Panel surface.

100.3.2.2.13 Touch temperature

All surfaces, (instruments, annunciators, lighting overlay panels, etc.), which are exposed to the
flight crew shall not exceed 113 °F in a still-air 70 °F ambient environment.

100.3.2.2.14 Display Requirements

The Panel display devices whose configuration is shown in Figure 100-C shall meet the
following criteria.

100.3.2.2.14.1 Standardization

Displays, their markings, labeling, coding, location, and arrangement schemes shall be

standardized for common functions. The intent of this requirement is to assure that all displayand control Panels are similar in appearance.

100.3.2.2.14.2 Selection

Display devices used on the DCP shall be selected using the following criteria.

100.3.2.2.14.3 Display Window

The display window shall be designed to prevent escape into the cabin atmosphere of loose
particles in the event of breakage of externally exposed frangible materials used in itsconstruction.

100.3.2.2.14.4 Window Coating

Displaywindows shall be coated on exposed surfaceswith a coatingto reduce reflection.
There shall be no imperfectionsin thewindowsuchas bubbles,scratches,discolorations,orstriae.
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100.3.2.2.14.5 Display Movements.

100.3.2.2.14.5.1 General

The movements of a display shall be consistent with the related movements or response of the
equipment being controlled or monitored.

100.3.2.2.14.6 Signal Devices.

100.3.2.2.14.6.1 General

Signal devices such as event indicators,advisory, cautionand warningannunciator lights,
should be usedfor the displayof discretequalitativeinformation.

100.3.2.2.14.6.2 AnnunciatorLights

Annunciatorlightsare to be used for the purposeof providingsubsystemand component
malfunctionand statusinformation.

100.3.2.2.14.6.2.1 LightPresentation

Signal lightpresentationshall be steady"ON". The use of flashmodes shallbe limitedto
special applicationsapprovedby the Buyer.

100.3.2.2.14.6.2.2 LampTesting

Provisionsshallbe made to allowtestof all signallightsand associatedcircuitry,where
practical. Master lighttest controlsshallbe providedfor thesimultaneoustestingof signallightsinstalled.

100.3.2.2.14.6.2.3 Advisory Lights

Advisory lights shall be white and shall be used to indicate safe or normal configuration,
condition of performance, operation of essential equipment, or to attract attention and impart
information for routine action purposes. Single advisory lights may be used to denote the
occurrence of one or several conditions, i.e., several signals may be "or'd" into one light.

100.3.2.2.14.7 Displays & Controls, Arrangement and Grouping

Displays and controls shall be designed and arranged with consideration of the human aspects
of operating and maintaining the equipment.

100.3.2.2.14.7.1 Functional Grouping. Displays and Controls which have sequential relations,
which have to do with a particular function or operation, or which must be simultaneously
viewed, shall be grouped together along with their associated displaysor controls.

100.3.2.2.14.7.1.1 Sequential Grouping

Sequential grouping shall be used within functional groups when appropriate. Sequential
grouping shall be used when the system operations require continuity, connection, and order.

FORM M 131.H-2 REV 9-87 7-17-98



CODE IDENT. NO. 03953
NUMBER

JSC 26938 LETTER PAGE I433
I

100.3.2.2.14.8 Display & ControlPanel Marking

Labelingshall be usedto identifythe functionof each display/control,and to identifythe mode
of operationwhicheach display indicatesandeach controlselects.

100.3.2.2.14.8.1 Display& ControlLabeling

All labelingshall utilizethe Englishlanguage. Labelingof display/controldevicesshall adhere
to the followingcriteria:

100.3.2.2.14.8.1.1 Label Consistency

Labelsshallbe designedand locatedina consistentmannerthroughoutthe DCP.

100.3.2.2.14.8.1.2 Label Location

Labelsshallbe centeredimmediatelyabovetheirassociatedcontrolsand be so spaced that thePanelwillnot appear cluttered.

100.3.2.2.14.8.1.3 LabelOrientation

Labels shall read horizontallyand be orientedto read left to right.

100.3.2.2.14.8.2 LabelCharacters

All labelingcharactersshallutilize the Englishalphabetexceptwhere specialcharactersareusedper 100.3.2.2.14.8.5.

100.3.2.2.14.8.3 FontStyle

Shall be Buyer approved.

100.3.2.2.14.8.4 CharacterHeight

Shall be Buyerapproved.

100.3.2.2.14.8.4.1 Mode of Operation

Shall be Buyerapproved.

100.3.2.2.14.8.4.2 FunctionalLabels

Functionlabelsserve as a titlefor the functionof a display/control.Nominalheightsof functionlabelsshallbe Buyerapproved.

100.3.2.2.14.8.4.3 SystemTitles

Systemtitlesdescribethe systembeing monitoredor controlled. Nominalheightsof systemtitlesshallbe Buyer approved.
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100.3.2.2.14.8.4.4 Size Graduation

In general, the heightsof the Panel nomenclatureshallincreaseby Buyer approved percent
when goingfrom the mode titleto the nexthigher category. The use of the same size
characterson a Panel is acceptable for solvingPanel space limitationsand clarityproblems,but
the overalleffect on the Panel shall be considered.

100.3.2.2.14.8.5 SpecialCharacters

Specialcharacters shalladhere to the followingcriteria:

100.3.2.2.14.8.5.1 NumericSubscriptsand UpperCase Letter Subscripts

The base of the subscriptnumeralor lettershallbe atthesame levelas adjacentcapitalletters.

100.3.2.2.14.8.5.2 LowerCase Letter Subscripts

The base of lowercase lettersandthe ovalsof g, p, q, etc., shallbe at the same level as the
base of adjacentcapitalletters.

100.3.2.2.14.8.5.3 Degree Symbol

Shall be Buyerapproved.

100.3.2.2.14.8.5.4 Delta Symbol

An equilateraltrianglewithitsheightequal to that of itsassociatedlettedng.

100.3.2.2.14.8.5.5 Slash or Diagonal Shall be Buyerapproved.

100.3.2.2.14.8.5.6 Phase or PHI

Shallbe Buyerapproved.

100.3.2.2.14.8.5.7 Percentage Symbol

Shall be Buyerapproved.

100.3.2.2.14.8.6 Characterand LineSpacing.

100.3.2.2.14.8.6.1 Letters and Numerals

The spacingbetween letters withinwordsand numeralswithingroupsshall be approximatelyone strokewidth.

100.3.2.2.14.8.6.2 Word Spacing

The spacingbetween wordsin groupsshallbe one standardletter.

100.3.2.2.14.8.6.3 LineSpacing

The space between the bottomof one lineandthe topof another lineinthe same entry shallbe
a minimumof Buyerapprovedpercentof the characterheight. Where there are two character
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sizes used in the same entry, the line spacing shall be Buyer approved percent of the largercharacter height.

100.3.2.2.14.8.6.4 Group Spacing

The space between the bottom of one line of one groupof nomenclatureand the top line of
anothergroupsof nomenclatureshall be a minimumof Buyerapprovedinch.

100.3.2.2.14.8.6.5 Abbreviations

Shallbe Buyer approved.

100.3.2.2.14.8.7 Component labeling

Shall be Buyerapproved.

100.3.2.3 Reliability

The requirementsof 3.2.3 of the basicspecificationapply.

100.3.2.4 Environment

The requirementsof 3.2.5.1.1 and 3.2.5.1.2 of the basicspecificationapply.

100.3.2.5 Transportability

The requirementsof 3.2.6 the basicspecificationapply.

100.3.3 Design and Construction

The requirementsof 3.3 of thebasicspecificationapply, except that the followingparagraphtakes precedenceover 3.3.3.2.1.

100.3.3.1.1 Power Consumption

The DCP shall consumeno morethan 38 watts.

100.4 QUALITY ASSURANCE PROVISIONS.

100.4.1 General Requirements

The requirementsof 4.1 of the basicspecificationapply.

100.4.2 Quality Conformance

100.4.2.1 Development

The requirements in 4.2.1 of the basic specification apply.
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100.4.2.2 Acceptance

Acceptancetestsand inspectionsshallbe performedon the DCP, to be employedon the
deliveredunitsto the Buyer. The minimumnumberof testsand inspections,and the sequence
thereof shallbe as specifiedinTable 100-A. The Seller shallperform any othertest deemed
necessary,subjectto approvalof the Buyer.

Table 100-,4. Acceptance Requirements

Paragraph Listed in
Inspection & Test Recommended Sequence

Examinationof Product 100.4.2.2.1
Functional& Performance Test 100.4.2.2.2
InsulationResistanceTest 100.4.2.2.2.1
DielectricStrengthTest 100.4.2.2.2.2
AcceptanceVibrationTest 100.4.2.2.3
AcceptanceThermal Test 100.4.2.2.4
Acceptance HumidityTest 100.4.2.2.5
Functional& PerformanceRecheck 100.4.2.2.2

100.4.2.2.1 Examinationof Product

The requirementsin4.2.2.1 of thebasicspecificationapply.

100.4.2.2.2 Functionaland PerformanceTests

The requirementsin4.2.2.2 of the basicspecificationapply.

100.4.2.2.2.1 InsulationResistanceTest

The requirementsin 4.2.2.2.1 of the basicspecificationapply.

100.4.2.2.2.2 DielectricStrengthTest

The requirementsin4.2.2.2.2 of the basicspecificationapply.

100.4.2.2.3 AcceptanceVibrationTest (AVT)

The requirements in4.2.2.3 of the basicspecificationapply.

100.4.2.2.4 AcceptanceThermalTest (ATE)

The requirementsin4.2.2.4 of the basicspecificationapply.

100.4.2.2.5 Acceptance HumidityTest

The requirementsin 4.2.2.5 of the basicspecificationapply.
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100.4.2.3 Assessment

The requirementsin 4.2.3 of the basicspecificationapply.

100.4.2.3.1 Reliability

The requirements in 4.2.3.1 of the basic specification apply.

100.4.2.3.2 Materials and Processes

The requirements in 4.2.3.2 of the basic specification apply.

100.4.2.3.3 Parts Standardization

The requirements in 4.2.3.3 of the basic specification apply.

100.4.2.3.4 Electrical Design Requirements

The requirements in 4.2.3.4 of the basic specification apply.

100.4.2.3.5 Interchangeability

The requirements in 4.2.3.5 of the basic specification apply.

100.4.2.3.6 Human Performance�Human Engineering

The requirements in 4.2.3.6 of the basic specification apply.

100.4.2.3.7 Safety

The requirements in 4.2.3.7 of the basic specification apply.

100.4.2.3.8 Identification and Marking

The requirements in 4.2.3.8 of the basic specification apply.

100.4.2.4 Certification

The requirements in 4.2.4 of the basic specification apply.

100.4.2.4.1 Qualification Tests

Qualification testing performed to satisfy the requirements specified in the performance and
design verification matrix of Section 4, Table V shall be in conformance with the requirements of
this paragraph. Qualification test specimens shall be subjected to the tests specified in Table100-B.
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Table I O0-B. Qualification Requirements

Test sequence Paragraph

AcceptanceTest 100.4.2.2
Performance Test 100.4.2.4.1.2
TransportationTest 100.4.2.4.1.11
PowerTest 100.4.2.4.1.7
Vibration 100.4.2.4.1.4
Shock 100.4.2.4.1.6
Thermal VacuumTest 100.4.2.4.1.10
QualificationHumidityTest 100.4.2.4.1.3
* EMC Test 100.4.2.4.1.g

Life Test 100.4.2.4.1.12
FinalPerformanceTest 100.4.2.4.1.2

* Testsand analysiswill be conductedand documentedby Buyer.

100.4.2.4.1.1 Test Hardware

Qualification-testhardwareshallbe of the same configurationas flight hardware.

100.4.2.4.1.2 Performance Requirements

The requirementsin4.2.4.1.2 of thebasicspecificationapply.

100.4.2.4.1.3 QualificationHumidityTest

The requirementsin4.2.4.1.3 of thebasicspecificationapply.

100.4.2.4.1.4 Vibration.

100.4.2.4.1.4.1 Qualification- AcceptanceVibrationTest (QAV'r)

The requirementsin4.2.4.1.4.1 of thebasic specificationapply.

Deleted

100.4.2.4.1.5 Shock

The requirementsin4.2.4.1.6 of the basicspecificationapply.

100.4.2.4.1.6 Power Test

The requirementsin 4.2.4.1.7 of the basicspecificationapply. Powertestsmay be verifiedas
part of the Functional/Performancetests.
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100.4.2.4.1.7 Lightning

The requirementsin4.2.4.2.12 of the basicspecificationapply.

100.4.2.4.1.8 ElectromagneticCompatibilityTests

The requirementsin4.2.4.1.9 of the basicspecificationapply.

100.4.2.4.1.9 ThermalVacuumTest

The requirementsin 4.2.4.1.10 of the basicspecificationapplyexceptthe minimumpressure
shallbe 8 psia (413.6 mm Hg).

100.4.2.4.1.10 TransportationTest

The requirementsin4.2.4.1.11 of the basicspecificationapply.

100.4.2.4.1.11 OperatingLifeTest

The requirementsin4.2.4.1.12 of the basicspecificationapply.

100.4.2.4.2 CertificationBy Analysis

The requirementsin 4.2.4.2 of the basicspecificationapply.

100.4.2.4.2.1 Storege/OperetingLife

The requirementsin4.2.4.2.1 of the basicspecificationapply.

100.4.2.4.2.2 Physical Characteristics

The requirements in 4.2.4.2.2 of the basic specification apply.

100.4.2.4.2.3 Reliability

The requtrements in 4.2.4.2.3 of the basic specification apply.

100.4.2.4.2.4 Salt Fog

The requtrements in 4.2.4.2.4 of the basic specification apply.

100.4.2.4.2.5 Ozone

The requirements in 4.2.4.2.5 of the basic specification apply.

100.4.2.4.2.6 Fungus

The requirements in 4.2.4.2.6 of the bastc specification apply.

100.4.2.4.2.7 Materials and Processes

The requirements in 4.2.4.2.7 of the bastc specification apply.
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100.4.2.4.2.8 ElectromagneticCompatibility

The requirementsin 4.2.4.2.8 of the basicspecificationapply.

100.4.2.4.2.9 ElectricalDesignRequirements

The requirementsin4.2.4.2.9 of the basicspecificationapply.

100.4.2.4.2.10 Safety

The requirementsin4.2.4.2.10 of the basicspecificationapply.

100.4.2.4.2.11 Sandand Dust

The requirementsin4.2.4.2.11 of the basicspecificationapply.

100.4.2.4.2.12 Certificationby Other Test Data

The requirementsin4.2.4.2.12 of thebasicspecificationapply:

100.4.2.5 Verification Requirements Matrices

The requirementsin 4.2.5 of thebasicspecificationapply.

100,5 PREPARATION FOR DELIVERY

The requirementsin Section5 of thebasic specificationapply.
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Figure IO0-A. A functional block diagram of the DCP
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Figure IO0-B. DCP Mounting and Connectors Location
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Figure 100-C. Configuration Drawing of the DCP

I
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Table 100-C. DCP Pin Assignments

LRU CONN LRU PIN
NUMBER FUNCTION

1 Power bus A

2 Power bus A

3 Spare

Xl 4 Spare

5 Spare

6 Power busA return

7 Power busA return

1 PowerBus B

2 PowerBus B

3 Spare

X2 4 Spare

5 Spare

6 PowerBusB return

" 7 Power BusB return

1 PowerbusC

2 PowerbusC

3 Spare

X3 4 Spare

5 !Spare

6 Power busC return

7 PowerbusC return

1 IPowerbusAc

2 Power busAc

3 Spare

4 IPowerbusAn

5 IPowerbusAn

6 !Powerbus H1

7 :Powerbus H1

X4 8 :Powerbus H1

9 Spare

10 Spare

11 Spare

12 Powerbusreturn
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Table 100-C. DCP Pin Assignments (Continued)

LRU PIN
NUMBER

FUNCTION
13 Spare

14 Spare

15 Power bus retum

16 Power bus retum

17 Power bus return

18 Power bus return

19 Power bus return

1 Powerbus Bc

2 Power busBc

3 Spare

4 Power busBn

5 Power busBn

6 Powerbus H2

7 Spare

8 Spare

9 Power bus+T1

10 Powerbus+T1

11 ,Spare

12 Spare

13 Powerbus return

14 Powerbusreturn

15 Power busreturn

16 Power busreturn

17 Power busreturn

18 Powerbus return

19 Powerbusreturn

1 Powerbus+C

2 Powerbus +C

3 Spare

4 PowerbusBn

5 Power busBn

6 Powerbus H3 I
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Table 100-C. DCP Pin Assignments (Continued)

LRU PIN
NUMBER

FUNCTION
7 PowerbusH3

8 PowerbusH3

9 PowerbusT2

10 PowerbusT2

11 ISpare

12 Spare

13 Powerreturn

14 Power return

15 Power return

16 Power return

17 Powerreturn

18 Power return

19 Powerreturn

1 Pyrocircuitprotectionoff command

2 Pyro circuitprotectionoff command

3 Pyro circuitprotectionoff command

4 Pyro circuitprotectionon command

5 Pyro circuitprotectionon command

6 Pyro circuitprotectionon command

7 Activehookfire command

8 Activehookfire command

9 Activehookfire command

10 Activehookfire command

11 Active hookfire command

12 Activehookfirecommand

13 Passivehookfire command

14 Passivehookfire command

15 Passivehookfire command

16 Passivehookfire command

17 Passivehookfire command

18 Passivehookfire command

19 Spare

20 Pyrocircuitoff indication
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Table 100-C. DCP Pin Assignments (Continued)

LRU PIN
NUMBER

FUNCTION
21 Pyro circuitoff indication

22 Pyro circuitoff indication

23 Pyrocircuitoff indication

24 Spare

25 Spare

26 Spare

27 Spare

28 Spare

29 Spare

30 "-" logicbus

31 -" logicbus

32 'Spare

1 "-"logicbus

2 "-"logicbus

3 "-" logicbus

4 Ring initialpositionindication

5 Ring initialpositionindication

6 Ringinitialpositionindication

7 Ringfinal positionindication

8 Ring finalpositionindication

9 Ringfinalpositionindication

10 Fixersoffindication

11 Fixers off indication

12 Fixersoff indication

13 Latchesopen indication

14 Latchesopen indication

15 Latchesopen indication
16 Latchesclosedindication

17 Latchesclosedindication

18 Latchesclosedindication

19 Hooks1 open indication

20 Hooks1 open indication

21 Hooks1 open indication
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Table 100-C. DCP Pin Assignments (Continued)

LRU PIN
NUMBER

FUNCTION
22 Hooks1 closedindication

23 Hooks1 closedindication

24 Hooks1 closedindication

25 Hooks2 open indication

26 Hooks 2 open indication

27 Hooks2 open indication

28 Hooks2 closedindication

29 Hooks2 closed indication

30 Hooks2 closed indication

31 "-" logicpower bus

32 "-" logicpower bus

33 "-" logicpower bus

34 Ringforwardpositionindication

35 Ringforwardpositionindication

36 Ringforward positionindication

37 Ringalignedindication

38 Ringalignedindication

39 Ringalignedindication

40 Spare

41 Spare

42 Spare

43 ISpare

44 Spare

45 Spare

46 Spare

47 Spare

48 Spare

49 Spare

50 Spare

1 Open latchescommand

2 Open latchescommand

3 Open latchescommand

4 Closelatchescommand
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Table 100-C. DCP Pin Assignments (Continued)

LRU PIN
NUMBER

FUNCTION
5 Close latches command

6 Close latches command

7 Open hooks command

8 Open hooks command

9 Open hooks command

10 Closehookscommand

11 Close hookscommand

12 Closehookscommand

13 Fixersoff command

14 Fixers offcommand

15 Fixers offcommand

16 Open hookscommand

17 Open hookscommand

18 Open hookscommand

19 Closehookscommand

20 Close hookscommand

21 Spare

22 Spare

23 Closehookscommand=

24 iPoweron command

25 Power on command

26 Poweron command

27 Ring incommand
28 Spare

29 Spare

30 Spare

31 Ringout command

32 Ringout command

33 Ringout command

34 Ringin command

35 Ringin command

36 Spare

37 Spare I
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LRU PIN
NUMBER FUNCTION

38 Poweroff command

39 Poweroff command

40 Poweroff command

41 ISpare

42 Spare

43 Spare

44 Spare

45 Spare

46 Spare

47 Spare

48 Spare

49 Spare

50 Spare

1 "-'Controlbus

2 "-'Controlbus

3 "-'Controlbus

4 APDS circuitprotectoffcommand

5 APDS circuitprotectoffcommand

6 APDS circuitprotectoffcommand
7 Undockcommand

8 Llndockcommand

9 IUndockcommand

10 Spare

11 '"-"Controlbus

12 "-'Control bus

13 "-'Controlbus

14 Capture indication

15 Capture indication

16 Captureindication

17 Spare

18 Spare

19 Spare

1 PowerbusA telemetry
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Table 100-C. DCP Pin Assignments (Continued)

LRU PIN

NUMBER FUNCTION

2 Power bus B telemetry

3 PowerbusC telemetry

4 Pyro powerbusA telemetry

5 Pyro powerbusB telemetry

6 Pyro power busC telemetry

7 ControlpanelpowerbusA telemetry

8 Controlpanel powerbusB telemetry

9 Controlpanelpowerbus C telemetry

10 Heater no. 1 powertelemetry

11 Heater no.2 powertelemetry

12 Heaterno. 3 power telemetry
13 !Spare
14 S3are

15 S _are

16 S_are

17 S _are

18 Commonreturn

19 Commonreturn

1 Spare

2 Spare

3 Spare

4 Spare

5 Ready to latch indication

6 Ready to latchindication

7 Ready to latchindication

8 Spare

9 Spare

10 Interfacesealed indication

11 Interface sealed indication

12 Interfacesealed indication

13 Spare

14 Initialcontactindication

15 Initialcontactindication j
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Table 100.C. DCP Pin Assignments (Continued)

LRU PIN

NUMBER FUNCTION
16 Initialcontactindication

17 Spare

18 Poweron indication

19 Power on indication

20 Poweron indication

21 Spare

22 Spare

23 -" logicbus

24 '"-"logicbus

25 Spare

26 Spare

27 Spare

28 Undockcompleteindication

29 Undockcomplete indication

30 APDS circuitprotectoffindication

31 APDS circuitprotectoff indication
32 Spare
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Appendix Xl

110. FIELD SUPPORT EQUIPMENT

110.1 SCOPE

This appendix defines the detailed requirementsfor the Field Support Equipment(FSE).

110.2 APPLICABLE DOCUMENTS

N/A

110.3 REQUIREMENTS.

110.3.1 General

In additionto thosearticles alreadysuppliedunderthe Multi-Mirprogram,the Sellershallsupply
the necessarytest fixtures,testconsoles,testadapters,looseequipment,and software,if
applicable,to exercise,cycle,andtroubleshootthe Seller-supplieddockingcomponentsand
controlsystemsbothpriorto integrationwiththe Orbiter,and post-installationfor performance
demonstrationand verification,as listedinTable 110-A. In cases of commonlyavailable
laboratoryelectronictestequipment,the Sellershalldelineatethe requirementsfor test
equipmentto be providedby the Buyerat each site.

110.3.2 Mechanical FSE

The mechanical FSE shall be providedto performthe followingtasks as a minimum:

A. HandleandtransportAPDA and all mechanicalFSE to/fromusingfacilities

B. Install/removeAPDA into/fromshippingcontainer,external aidock, and supportingstructure

C. Support APDA in test/checkoutorientation

D. Proof & leak test DM on benchand after installedon dockingbase

E. Simulate ISS matingtests inZero-Gravityenvironment

• Functionaltestingof capturelatchesand structure latches
• Dockingcyclingtest
• Simulated ISS mating

F. ProtectAPDA from damagesthat mightresultduringmanufacturing,checkout,and
installationoperations.

G. Providetoolingto match-ddlldockingbasewithsame holepatternon DM.
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110.3.2.1 General Requirements.

n,__: All equipment shall be providedwith labels and operating instructionsinEnglish.

Warningsand Caution._:The designof FSE shallincorporateappropriately located
comprehensiveand unambiguouscautionsand warningsto personnelof potential hazardous
characteristicsduringoperation,maintenance,or test functions.

OperationalEnvironment The followingare environmentalrequirementsfor sheltered FSE:

• Temperature: +60 °F to +80 °F (15.6 to 26.7 °C) with uncontrolledextremes of
+52 °F to +1.5 °F (11.1 to -16.9 °C) for I hour

• Pressure: Maximum15.23 psia (sea level)
• Humidity: 60 + 10%

Standard Test Conditions: The environmental test conditions shall be

• Temperature: +73 + 18 °F (22.8 ± 10 °C)

• Pressure: an atmospheric pressure of 28.5 +2, -4.5 in Mercury (Hg)
• Humidity: 50 + 30%

_: All mobile equipment shall have antiroll and/or antislide devices installed.

I.G_: All equipment shall be visibly clean (no trace of corrosion, oil/grease, debris).

PressureVessels Material: Shall not be made from T-1 steel or alloy with substantially thesame property.

Surface Finishes: All equipment shall not be painted or coated with matedal subject to
chipping, flaking, or scaling. Cadmium plating shall not be used on any surfaces that interfacewith DM.

Threaded Fasteners:

• All threaded fasteners (internal and external) used for supporting, handling, lifting shall
be provided with mating halves designed for each specific ground operations.

• Installationcriteda shallconsistof torque requirements, propergrip, use of washer.., etc.
• Design& Construction:The FSE shall be designed with the following safety factors as

minimum. Safety factor is defined as (design Ioad)/(max allowable working load)
• Pressure Vessel: Burst = 4.0, Yield = 1.5
• Support Structure: Ultimate = 4.0, Yield = 2.0
• Handling Equipment: Ultimate = 5.0, Yield = 2.0

The design yield load shall be verified.

1
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W__c[dj__:Weldingof FSE shallbe as follows:

• • Pressure vessels,structural equipment, handlingequipmentshall be visually
inspected

• • Criticalweld on handlingequipment (single-point-failuremode) shall have weld
efficiency in excess of 75%. Weld efficiency is expressed as follows:

Weld efficiency = (Limit load) (Safety Factor) / Allowable Load

• Pressure vessels fabricated by welding shall not be constructed of steel alloys with
substantially the same properties as T-1 steel.

.P_Eg.o.._L_LcJ3_.The design yield load of FSE shall be verified either by proof test or analysis.
The following type of FSE shall be verified by proof test:

• Pressure vessel: Proofioad at 150% of maximum allowable working pressure
• Support Structure & Handling/TrensportEquipment: Seller shall proofioadequipment

to 200% of safe workingloadand providedocumentationof successfulproofioad test.

Transportability:

• Containersshall be designedto handle andtransporthardwareto usingfacilities
withoutdamage or degradationin reliabilityor performance.

• Containershall protect hardwarefrom naturalenvironmentso that loadsinducedin
hardwaredudngtransportationwill not produceexcessivestresses,internal loads,or
deflectionsresultingindamageto hardware.

Weight & size limitation

• Individualweightand size of hardwarepackagedfor shipmentshall notexceed the
following:

Weight = 11,000 Ibs. (4989.6 kg),Width= 8 ft. (2.44 m), Height = 8 ft. (2.44 m),
Length= 32 ft. (9.75 m)

_: FSE shallbe fabricatedso that appearance,fit, andadherenceto specified
dimensionsand tolerancesare observed. FSE shallbe free from burrsor sharpedgesthat
mightdamageassociatedequipmentor cause injuryto personnel.

Identification& Markings:

• Name plate: shallbe markedto include: Itempart numberand name, Buyermodel
no., Serial no.& Controlno., Manufacturer,Date of manufacture.

• Components& Subassemblies. Each fabricatedcomponentsor assembliesshallbe
identifiedwith part number.

• Handling& Support Equipment. Limitloadshall be identifiedin a conspicuousplace.
• Pressurevessels. Maximumallowableworkingpressureshallbe identified.

• Containers: shall be markedto include: Centerof Gravity,Tire pressure(TBS) psig,
Empty weight(TBS) pounds,Grossweight(TBS) pounds,Maximumtowingspeed
(TBS) MPH, Appropriatecautionsand warnings.
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PersonnelLiftingLimit. FSE and components/assembliesdesignedto be lifted, carried, or
handledby oneman shallbe 35 Ibs.max. (for2 men, 70 lbs. max.).

110.3.2.2 Detail Requirements.

HandlingEquipment:

• The lifting/handlingof the DM shallbe throughdedicatedliftinginterfaceon the DM.
• Handling/liftingoperationshallrequirethe use of onlyone overheadhoist.
• Orientation/rotationdata (includinglimits)andtoolingfor handlingDM shallbe provided.
• Looseitemsof handlingequipmentshall be tethered to liftingassembly.

PressureVessels.

• Shall have designburstpressure64 psigminimum.

• Shall have yield pressureequals at least24 psig. The designyield shallbe verifiedby
proofpressuretest at 24 psigfor a minimumof 3 minutes.

• Pressureportsshall be providedfor pressurization,pressuremonitoring,and pressure
relievingwithAmericanStandardpipethreads(internal & external threads) per ANSI
BI6.5 and BI6.9 (or equivalent).

• Blankingplatesfor all feed-throughson DM willbe provided.

MatingTest Eauioment. Verify that the providedequipmentis capable of simulatingthe ISSA
half of DM (passive half) in Zero-Gravityenvironmentto supportthe followingtest:

• Functionaltestingof capture latchesand structurelatches
• Dockingcyclingtest
• SimulatedISSA matingtest

• The MatingTest Equipmentshall includeas a minimumthe following:
• Passivehalf of DM and liftingattachment
• Own support fixture

• The test configurationof equipmentshall have provisionsfor use with one overhead hoist

DM ProtectiveCover Set. Verify that protective cover set is capable of protecting DM
components from damages that might result from handling or shipping. Protective cover shall
be provided for the following as a minimum:

• DM mating seals and sealing surfaces
• Docking guides (3 petals)
• Feed-through opening
• Electricalconnectors

110.3.3 Electrical FSE

In general, FSE is used for functional tests, troubleshooting faults in Seller's hardware, and for
redundant-path verification. Buyer test equipment and cables supplemented by FSE will be
used to perform integrated systems functional tests and evaluation tests. The electrical FSE
shall as a minimum provide the capabilities and perform tasks as specified below.

A. Performfault isolationof the APDS to the Seller'sLineReplaceableUnit level. I
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B. Providethe capabilityto verify operationof redundantpathsin the Seller'selectricalsystems;
e.g., disable one path to verify the functional operation of the other redundant path.

C. Provide the capability to test off nominal conditions and responses, e.g., fault insertions

D. Perform verification of the pyro system using Seller provided pyro monitoring panel with the
capability to measure fidng circuit resistance for each circuit, measure firing circuit stimulus
for each circuit, and measure stray voltage.

E. Provide the capability to perform continuity and insulation resistance tests of all Seller
provided harnesses.

F. Provide breakout boxes, breakthrough boxes and adapter cables for verification of all Seller
provided Line Replaceable Unit and harness interfaces including those within the APDA. A
breakout box is an enclosed box with one connector and a set of test jacks wired to each
pin on the connector. The test jacks provide the capability to monitor or inject signals, and
apply loads to any wire on the connector. An adapter cable which is wired to every pin on
the connector under test is required to mate with the breakout box connector. A break-
through box is the same as a breakout box except it provides access to each wire on the
connector without interrupting the normal circuit path or operation.

G. Provide capability to interface with Buyer's DITMCO test equipment. Cables and
connectors for this purpose are identified in items 78 through 103 of Table 110-A and their
application is described in Table 110-B and Figure 110-A.

110.3.3.1 FSE

FieldSupportEquipment(Electricaland Mechanical)itemsto be providedare listed inTable 110-A.

110.3.4 Design Considerations

Field Support Equipment shall comply with the following requirements to the extent possible.
Deviations shall be analyzed end changes negotiated to comply with the established Space
Shuttle Orbiter and support personnel safety practices.

110.3.4.1 FSE Physical Characteristics.

110.3.4.1.1 Weight

The maximum weights of the FSE components are listed in Table 110-A.

110.3.4.2 Power and Grounding.

110.3.4.2.1 Power Cables

Seller shallprovidethe pigtailpowercables listedinTable 110-A to interconnectFSE input
powerconnectors to Buyerfacilitypowerservices.

110.3.4.2.2 Power Connector

Buyerwill terminatethe Seller providedpowercable pigtailsintoBuyerprovidedconnectors.
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110.3.4.2.3 Main Power Characteristics

Characteristics of the main power available for FSE operation are:

A. a) 120 Vac + 5 Vac, single phase, 60 Hertz, 30 amps.

B. b) 28 Vdc _+4 Vdc, 20 amps.

110.3.4.3 Cooling

The FSE shall be designed such that special facility cooling provisions shell be self-contained to
operate in the environment specified in 110.3.4.7.1 below.

110.3.4.4 Signal Cables

Seller shall provide signal cables listed in Table 110-A as specified below. All electrical cables
and connectors shall be clearly identified in English using accepted equipment markingpractices.

A. Signal cables to interconnect FSE and the Seller provided on-board equipment and Line
Replaceable Unit test connectors.

B. Pigtailed signal cables to interconnect FSE with Buyer interface connectors. Buyer will
terminate the pigtails into Buyer provided connectors.

110.3.4.5 Reliability and Safety.

110.3.4.5.1 Safety

The FSE shall be designed to preclude injury topersonnel, or damage to Orbiter, APDS
equipment, facilities, and other support equipment.

110.3.4.6 Scheduled Maintenance

If a component of the FSE requires scheduled maintenance, schedules and procedures for the
periodic maintenance shall be supplied by the Seller.

110.3.4.7 Environments

The FSE shall be capable of meeting the operating performance requirements in the
operational environment specified below.

110.3.4.7.1 OPERATIONAL ENVIRONMENT

Interior controlled environments.

A. Temperature +15.6 °C (60 OF)to +26.7 °C (80 °F)

B. Pressure Up to 15.23 psia

C. Humidity 45% to 70%, at21.1 ± 5oc (70 ± 10OF) I
FORM M 131-H-2 REV 9,87
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110.3.4.8 Transportability

The FSE shall be designed to be handled and transported to using facilities without damage or
degradation, using available methods of transportation with the item prepared for shipment in
accordance with appropriate shipping practices. The equipment shall be compatible with the
planned packaging and transportation system to the extent that loads induced in the equipment
during transportation shall not produce excessive stresses, internal loads, or deflections
resulting in damage to the equipment.

110.3.5 Design and Construction.

110.3.5.1 Plan

The Seller shall furnish a plan for approval to the Buyer for any new design and construction
required to meet the requirements for the FSE.

110.3.5.2 Materials, Processes, and Parts.

110.3.5.2.1 MaterialCompatibility

Materialsand processesused in fabricationof the FSE shallbe compatiblewith the
environmentalconditionsspecifiedin 110.3.4.7.1.

110.3.5.2.2 PartsStandardization

Parts utilizationshallbe basedupon:

A. selectionof qualifiedor suitableparts,

B. proper deratingand application,

C. minimizationof the numberof differenttypes of parts.

110.3.5.2.3 Processes

Processesusedin the manufactureof the FSE shallconformto the same methodsand
standardsas requiredfor the flighthardware.

110.3.5.3 General Electrical Design Requirements

General electricaldesigncharacteristicsshall use best engineeringpracticesas a guidelineand
alsothe followingparagraphsas applicable.

110.3.5.3.1 ElectromagneticCompatibility(EMC) Design

The designobjectiveshallbe to minimizethe generationof, and susceptibilityto, electro-
magneticinterferenceto precludeperformance degradationfrom elementwithinthe FSE.

110.3.5.3.2 BypassCircuits

Bypasscircuits,adapters,or specialbreak-outboxesuseddudngcheckoutor calibrationshall
not overrideor defeat electrical or mechanical protectivedevices.
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110.3.5.3.3 CheckoutTest Points

The FSE electricalcircuitswhere applicableshallincludecheckouttestpointswhichpermit
plannedcheckoutand fault isolationtests to be made withoutdisconnectionof existingcables/connectors.

110.3.5.3.4 CircuitProtection

The electricaland electroniccircuitsshall incorporateprotectionagainstreverse polarity,
excessivecurrentsor voltages,or other improperinputswhichcan be damagingto existingcircuits.

110.3.5.3.5 Connectors

FSE system connectors shall be clearly identified to preclude improper mating of pairs, or
cross-connection where in close proximity to similar connectors.

110.3.5.3.6 Electrical Bonding

Electrical bonding posts shall be provided all FSE equipment for facility grounding purposes.

110.3.5.4 Identification and Marking.

110.3.5.4.1 Nameplates

Nameplates shall include (as applicable) item name, Buyer's model number, serial number, and
control number; manufacturer, date of manufacture, manufacturer's serial number, part number,
and code identification in English. Abbreviations may be used.

110.3.5.5 Identification of Components or Sub-Assemblies

Each fabricated component or subassembly shall be identified with a part number. The same
specification or part number shall be used to identify like materials, processes, components, orsubassemblies.

110.3.5.6 Interchangeability

Assemblies,components,and partswith thesame part numbershall be physicallyand
functionallyinterchangeable.

110.3.5.7 Personnel Lifting and Handling Limits

Handlinggripsdesignedto facilitatehandlingshall be providedon all equipment. The
maximumallowableweights for oneor two-manlift,carry, or handleis 16 kG (35 pounds)for
one person,or 32 kG (70 pounds)for two persons.

I
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Table 110-A. ListofField Suppo_ Equipment
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Table 110-A. List of Field Support Equipment (Continued)
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Table 110-A. ListofField Suppo_ Equipment(Continued)
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Table 110.A. List of Field Support Equipment (Concluded)
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Table 110-B. BOB/DITMCO Adapter Cable Matrix

GENERAL,NOTE:

1. RUSSIAN CONNECTOR

AMERICAN CONNECTOR

2. LETTER-NUMBER AT THE RUSSIAN CONNECTOR DENOTE THE COLUMN ANO ITEM OF TABLE I
COLUMN A: BOB ADAPTER CABLES MATE TO RUSSIAN BOXES
COLUMN B: BOB ADAPTER CABLES MATE TO RUSSIAN PIGTAILS
COLUMN C: DITMCO AOAPTER CABLE

3. FIGURE 1 REPRESENTS THE MULTI MIR SYSTEM BLOCK DIAGRAM

4. FIGURE 2 REPRESENTS ISSA SYSTEM BLOCK DIAGRAM (TBD)

S. ISSA AND MULTI MR CONNECTOR OIFFERENCES AT THE ORBITER DOCKING MECHANISM

Connector ISSA Part No. Multi MIr Part No. BOBtDITMCO adapter cable requires for ISSA

BOB to Russian box BOB to Russian Pigtail DITMCO adapter

XllS (]L'2PIVIIT3:_ 711BAIB (]U(JIII - h C- 2"50/27- III- I" B A25 B25 C15

XtO0 (]C2PIWILT331)7Ill)A!0 (]{;(]111"b C- 2- 5(i'27- III- I- B A2S B25 C15

XtOli i]B[IBI- b C-2"19/18- II I- I- B (]U(IlII -b C- 2-50/27- B2. I- B All B6 C6

XtO? (]c(]nl - b C- } 19/18- fl I- !- B E(IIII - I) C-2. 50/27- B2-I- B AS BII C6

X111 EXIIil -b C"2. 5eY27-R I- I- B O[;(llll - I) C- 2- .12/2_ 112-I- B All Bll C12
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Table 110-B. BOB/DITMCO Adapter Cable Matrix (continued)

Column A Column B ColumnC
Item BOB Adapter Cable BOBAdapterCable

mate to Russianbox mate to Russianpigtail DITMCO Adapter Cable

1 11H565.0986 -740 11H565.0986 -730 EN 4206-046.0-10
2 11H565.0986 -160 11H565.0986 -150 EN 4206-046.0-20
3 11H565.0986 -170 11H565.0986 -180 EN 4206-046.0-30
4 11H565.0986A-60 11H565.0986A-50 EN 4206-046.0-40
5 11H565.0987 -1240 11H565.0987 -1210 EN 4206-046.0-50
6 11H565.0987-1300 11H565,0987-1270 EN 4206-0460-60
7 11H565.0987-1310 1IH565.0987-1280 EN 4206-046.0-70
8 11H565,0987-1320 11H565.0987-1290 EN 4206-046,0-80
9 11H565 0987A -100 11H565.0987A -90 EN 4206-046.0-90
10 1IH565,0988 -1100 11H565.0988 -1070 EN 4206-046.0-100
11 11H565.0988 -1160 11H565.0988 -1130 EN 4206-046.0-110
12 11H565.0988 -1170 11H565.0988 -1140 EN 4206-046.0-120
13 11H565 0988 -1180 11H565.0988 -1150 EN 4206-046.0-130
14 11H565,0988 -1220 11H565.0988 -1190 EN 4206-046.0-140
15 11H565 0988 -1280 11H565.0988 -1250 EN 4206-046.0-150
16 11H565,0988 -40 11H565.0988 -30 EN 4206-0460-160
17 11H565.0988-1110 11H565.0988-1080 EN 4206-046.0-170
18 11H565.0989 -20 11H565.0989 -10 EN 4206-046,0-180
19 11H565.0989 -320 11H565.0989 -290 EN 4206-046,0-190
20 11H565.0989 -330 11H565,0989 -300 EN 4206-046.0-200

21 11H565.0989 -40 11H565.0989 -30 MP1-76-1-B (SCAT-307170) *
22 24-A/37-YKPI33-1-1 24-A/35-YKPI37-1-1 MP1-76-2 (SCAT-307171) *
23 32150-A/37-YKPI33-1-1 32150-AI35-YKPI37-1-1 (NI I" rr.-I- 7_7_3BI- I- II (SCAT-307172) *
24 50-N37-YKPI33-14-1 50-N35-YKP/37-14-1 PC 32A (SCAT-307173 & SCAT-301174) *
25 7-A/77-YKP/69-1-1 7-A/71-YKP/77.1.1 ()111-flH I- ::}(ll4- i} I- I- II (SCAT-307175) *
26 11H565.0988 -1120 11H565.0988 -1090 ()11l- _ I- ,"XI18- I} I- I- I} (SCAT-307176) *27 11H565.0987 -40 11H565.0987 -30

Note: * Russianconnectorwas providedinstead of pigtailand was made in
SCATcable for DITMCO purposesusingAmericanwire.
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Appendix Xll

120. PYROTECHNIC RELEASE DEVICES

120.1 SCOPE

This appendixestablishesthe performance,design, development,and verificationrequirements
for the PyrotechnicRelease Devices.

120.2 APPLICABLE DOCUMENTS

N/A

120.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

120.3.1 Item Definition

The pyrotechnicsubsystemshall be an electricallyinitiatedgroupof pyrotechnicboltsthat
providepositiveseparationbetweenthe ISSAand the Orbiterinthe event the structuralhooks
fail to mechanicallyactuateto release. The pyrotechnicboltconsistsof the following:

A. Frangiblebolt

B. Electricdetonatorcartridge

120.3.1.1 Item Diagrams

A schematicblockdiagram for the pyrotechnicrelease is shownin Figure120-A.

120.3.1.2 Interface Definition

The functionaland physicalinterface requirementsbetweenthe PyrotechnicRelease Devices,
the APDS boxes,the structures,andthe Orbiter Avionicsare definedin the followingparagraphs.

120.3.1.2.1 PyrotechnicBolt

A pyrotechnicboltshallbe mountedon each of theactiveand passivehooksof the structural
latchmechanismsof the OrbiterAPDA. The PyrotechnicFiringControlUnitwill providesignals
and powerto initiatethe pyrotechniccharges;requirementsfor thisunitare inAppendixVII.

120.3.1.2.2 ElectdcDetonatorCartridges

The electricdetonatorcartridgeshallbe installedinthe frangibleboltto providetheenergytoseverthe frangibleelement.
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120.3.1.3 Item Identification

The identification of the pyrotechnic bolt and the detonator cartridge shall be as follows:

Seller Part Maintenance
Nomenclature Buyer Control No Number. Level

Pyrotechnic Bolt MC621-0087-0020 LD34.440.024 SRU

120.3.2 Characteristics

120.3.2.1 Performance Characteristics

After electrical initiation, each pyrotechnic bolt shall sever to provide release of each hook used
to join the ISSA and the Orbiter in flight, producing separation of the ISSA and Orbiter.

120.3.2.1.1 Total Useful Life

The pyrotechnic bolt and detonator cartridge shall have a useful life of 19 years minimum which
includes a minimum of 33 mission cycles. The useful life shall include a four-year period from
date of delivery. During the useful life period, the components shall not deteriorate in
performance after being exposed to the qualificationenvironmentsspecified in 120.4.2.4.1.3
thru 120.4.2.4.1.6. The pyrotechnicboltand detonatorcartridgeshall have a functional life ofone separationmission.

120.3.2.1.2 PyrotechnicBoltPerformance

The pyrotechnicboltswhen installedas a subsystemshall sever ina timely mannerto allow
separationbetweenthe ISSA and Orbiter.Releaseof shrapnel,debris,and hot gases is
acceptable as long as they do not posehazardsto the safety of the ISSA, Orbiter,and crew.
Pyrotechnicrelease of the latchshallnotcause the latchto interferewiththe separationmovementof the Orbiterand the ISSA.

120.3.2.1.3 Retention

The pyrotechnicboltshallbe retainedin the unfiredpositionsothat after firing, the separated
portionof the boltshall notconstitutea hazardto the crew and Orbiter.

120.3.2.1.4 Tensile Capabilityof FrangibleElement

The tensileelement of the frangibleboltbodyshallhave a minimumbreakingstrengthof 8,800pounds(4,000 kgf).

120.3.2.1.5 BoltMarginsand StructuralMargin

The electricdetonatorcartridgewhen installedon the boltas part of a subsystemshall move
and holdthe hooksto the releasedpositionto allowseparationbetween the ISSA andthe
Orbiter at the adverse loadingconditionwhen initiatedby a cartridge loadedwith85% of the
minimumallowablechargeweightor with 115% of the maximumallowablechargeweight.

FORM M 131-H-2 REV 9-87 1
7-17-98



120.3.2.1.8 Electric Detonator Cartridge

The detonator cartridge shall utilize redundant electric bridgewires for initiation. The cartridge
shall generate enough energy to sever the frangible element of the bolt when loaded at the
adverse conditions.

120.3.2,1.7 Single Initiation

The pyrotechnic bolt shall meet the performance requirements herein with the initiation of any
one or both of the bridgewires in any dual-bddgewire cartridge.

120.3.2.1.8 Cartridge Mounting Into Frangible Bolt

The mounting of the electric detonator cartddge on the frangible bolt shall not change the
electrical characteristics of the detonator cartddge.

120.3.2.1.9 Cartddge Torque

Each electric detonator cartridge shall be capable of withstanding 1.5 times the specified
maximum allowable installation torque without physical damage or change in electdcalcharacteristics.

120.3.2.1.10 Auto Ignition

Auto ignition shall not occur when the electric detonator cartridge assembly is exposed for one
hour to a stabilized temperature of 235°F. The maximum temperature exposure in the flight
application is 185°F (85oc).

120.3.2.1.11 MaximumNo Fire

The electdc detonatorcartridgeshall notignitewhenthe bridgewireis subjectedto a dc current
of 0.21 ±0.01 ampere for5 minuteswithina temperaturerangeof from +185OFto -85OF. The
pyrotechnicboltshallnotdegrade after beingsubjectedto the no-firecurrent.

120.3.2.1.12 All Fire Parameters

The pyrotechnicboltshallinitiatewhensubjectedto currentlevelsof 0.9 to15 amperesfrom ±
60°C (140OF,-76OF).

120.3.2.2 Physical Characteristics

120.3.2.2.1 Pyrotechnic Bolt

120.3.2.2.1.1 Pyrotechnic Bolt Envelope

The envelope of the pyrotechnic bolt and detonator cartddge assembly is as shown in
Figure 120-B.

120.3.2.2.1.2 Weight

The weight of the pyrotechnic bolt shall not exceed 0.165 pound (75 grams).

=
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120.3.2.2.1.3 Helium Leakage

Leakage from the loadedand sealed pyrotechnicboltshall notexceed 1E-6 standard cubic
centimeterof heliumper secondat a differentialof 1.0 plusor minus0.1 standard atmosphere.

120.3.2.2.1.4 Drop Test

Two pyrotechnicboltsshallsurvivebeingdroppedalongtwo majoraxes from a heightof six
feet plussix inchesminus zero inchesupona 0.25-inchminimumthicknesssteel platebacked
by at leastthree inchesof concrete. A new specimenshall be used for each drop. No device
shall fire as a result of the drop. The device shallbe firedafter the drop and shall meet the
firingperformancecharacteristicsunlessobviousdamagedue to thedrop compromisesthe
functionalreliabilityof the device. Obviousdamage is any conditionwhichwouldbe identified
duringnormal pre-installationinspection.

120.3.2.2.1.5 DetonatorCartridgeAssembly

The detonatorcartridgeassemblyshallbe a self-containedunitand shallbe providedwith a
means of attachmentto the frangiblebolt.

120.3.2.2.2 Cartridge

120.3.2.2.2.1 PyrotechnicMix

The detonatorcartridgeshall use an explosivemixof lead azide, cyclonite,and leadtrinitroresorcinate.

120.3.2.2.2.2 DielectricStrength

The pyrotechnicboltshallwithstandan AC voltage of 200 + 10 voltsrmsfor 60 seconds

betweenthe case andboth pinsshortedtogetherwithoutbreakdown.The detonator cartridge
shall not igniteor otherwisebe degraded. The detonatorcartridgeshall be capable of meeting
the performancerequirementafter beingsubjectedto the dielectricstrengthtest.

120.3.2.2.2.3 ContinuityCurrent

The detonatorcartridge shall be capable of withstanding25 applicationsthroughthe bridgewire
of a 50-milliampere pulsehavinga durationof oneminute,withoutdegradation.

120.3.2.2.2.4 InsulationResistance

The resistancebetween the bodyand thebridgewireterminals,and between bridgewire
terminalsshall be a minimumof 2 megohmswhen 100 _+5 % voltsdirectcurrent isapplied for
15 seconds minimum.The pyrotechnicboltshall be capableof performingits functionafter
beingsubjectedto the insulationresistancetest.

120.3.2.2.2.5 BridgewireResistance

The bridgewireresistanceof theelectricdetonatorcartridgeshallbe 1 to 2 ohmsat ambient
temperaturewhen a maximumtest currentof 50 milliamperesis appliedfor a maximumof one

minute. IFORM M 131-H-2 REV 9-87
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120.3.2.2.2.6 Electrostatic Sensitivity

The detonatorcartridgeshallbe capable of performingitsfunctionafter being subjectedto an
electrostaticdischargeof 25,000 _+200 volts,appliedbetweenshortedpinsof each bddgewire
and the initiatorbody,from a 200 ± 20 picofaradcapacitorwitha 500 _+50 ohms resistor
connectedinserieswiththe shortedpins.

120.3.2.2.2.7 ElectroexplosiveSubsystemElectromagneticCompatibility

120.3.2.2.2.7.1 InadvertentActivation

The electroexplosivesubsystemshallbe designedto limitthepower producedat each
pyrotechnicboltby the electromagneticenvironmentactingon the subsystemto a level at least
20 dB belowthe maximumpin-to-pindc no-firelevelof the pyrotechnicbolt.

120.3.2.2.2.7.2 DirectCouplingTo The PyrotechnicBoltand ElectroexplosiveSubsystem

The pyrotechnicboltshallnotfire in eitherthepin-to-pinor thepin-to-casemode dueto direct
couplingof thespecifiedelectromagneticenvironmentintothe electroexplosivesubsystem.

120.3.2.3 Reliability

The requirementsof 3.2.3 of the basicspecificationapply.

120.3.2.4 Environments

The pyrotechnicboltand the detonatorcartridgeassemblyshallbe capable of operatingto the
requirementsof thisappendixafter exposureto the environmentsin3.2.5.1.3 and 3.2.5.2.3 of
the basicspecification.

120.3.2.5 Transportability

The pyrotechnic bolt shall be designed to be capable of being handled and transported to using
facilities without damage or degradation, utilizing available methods of transport with the item
prepared for shipment in accordance with 120.5. The equipment design shall be compatible
with the planned packaging and transportation system to the extent that loads induced in the
equipment during transportation will not produce stresses, internal loads, or deflections
resulting in damage to the equipment.

120.3.2.5.1 Integral Protection Capability

The equipment design shall incorporate one or more of the following provisionsfor protection of
componentswhich are highlyvulnerableto damageduringtransportand associatedhandling.

A. Provide attach points for installation of temporary protective devices (covers, reinforcing
structure, desiccant cartridge, air breatherlfilter heater, etc.).

B. Make provisions for removal of sensitive component(s) for separate shipment.

C. Provide built-in protective device (e.g., cover, caging of free-moving components, desiccant
chamber, heater, etc.).
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120.3.3 Design and Construction

The requirementsof 3.3 of the basicspecificationapplyexceptas follows:

120.3.3.1 Materials, Processes and Parts

120.3.3.1.1 Explosive,Propellantand PyrotechnicMaterial

Onlyone lot of each explosiveor pyrotechnicmaterialshallbe usedinthe manufactureof any
productionlot of devices. The use of reclaimedhigh-explosivematerials is prohibited.

120.3.3.1.3.1 ExplosiveMaterialContaminationControl

Specialprecautionsshallbe taken to ensurethat explosivematerial drawnfor productionuse
doesnot becomecontaminated. Specificinstructionsfor in-processexplosive-materialstorage
and handlingshallbe incorporatedin supplierpyrotechnicdevice manufacturingProcedures. In
orderto ensurethat explosivematerialsdo not become contaminated,specialemphasisshall
be placed on goodhousekeeping,containerintegrity,containerplacement,and eliminationof all
contaminant-promotingconditions.Detailed proceduresshall be prepared byeach pyrotechnic
supplierfor contaminationcontrolof bulkexplosivematerials.

120.3.3.1.3.2 ExplosiveMaterial Compatibility

All materialsused in pyrotechnicdevicesshall be compatiblewitheach other to the extentthat
no reactionoccurswhichmightadversely affectthe componentor systemperformanceor
safety includingtransientcompounds,liquidor gaseous,generatedduringcuringor storage.
Stabilityand compatibilitytestingshallbe conductedon all explosive/componentinterfaces,
includingsealingmaterials,where testdata or analysisfor demonstratingstabilityof materials
or compatibilityof componentsis notavailable.

120.3.3.1.4 Non-acceptableSatingMethods

The non-acceptablemethodsforsatingthreaded partsare:

A. Non-metallicinsertswhere exposedto hotgases suchas pressurecartridgethreads.
B. Snap rings

C. Tab washers

D. Lock washers

E. Staking

120.3.3.1.5 Liquid Contamination Prevention

To prevent contamination of the explosive matedal(s) with liquids, the supplier's applicable
manufacturing procedures shall specify that each device be completely dry prior to loading and
that no liquids be used for cleaning or weld preparation after addition of the explosive materials
and pdor to hermeticsealing. The proceduresshall specify that the immediate area of

explosiveloadingbe free of such liquidsas methanol,freon,solvents,or alcohol. In the event Ispillageof explosivematerial necessitatescleaningof the Io__dingarea with liquids,all paY_
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mustbe removedfromthe area untilaftersuchcleaningis completed,thearea is completely
dry, and the liquidshave been removed.

If liquidsare usedto cleana loadedunit,after hermeticsealingandprior to leak testing,any
unitthatfails leak testingshallnot be reworkedunlessa specificreworkprocedure,that has
demonstratedthe capabilityto removeliquidcontaminationthat may have enteredthe device,
isapprovedby Buyer.

120.3.3.1.6 ProductionLotRequirements

The requirementsof thisparagraphpertainto all lots beginningwiththe qualificationlotsof the
variousdevicesand assembliesandincludeall lotsintendedfor mannedflightuse.

120.3.3.1.6.1 ProductionLot

Each piece part,component,subassembly,or deviceshallbe of thesame design,construction,
material heat or melt lot and heat-treatlotfabricatedinone unchangingandessentially
continuousmanufacturingprocessand submittedfor acceptanceat onetime. The single-lot
controlrequirementsof nonexplosive componentsusedina lot of devicesshallbe determined,
documented,and approvedby Buyer. Factorssuchas componentfunctionin end-item
performanceand effectivenessof destructivetests inscreeningdefective componentsshallbe
consideredin establishingsingle-lotcontrolrequirements.

120.3.3.1.6.2 LotSize

Each lot shallbe sized to includeflight,flightspares,testarticle, age life samples,and preflight
verification-testparts, pluspartsnecessaryfor other useswhen required.

120.3,3.2 Identification and Marking

The requirementsof 3.3.4 of the basicspecificationapplyexceptas follows:

120.3.3.2.1 Inert Units

Inertunitsshallhave visiblemarking"YY" on the part.

120.3.3.3 Traceability

Allpyrotechnicdevices shallbe traceableby lotand serialnumber. Componentsand materials
whichare notsusceptibleto serialization,suchas percussionprimers, shallbe traceableby lotnumber.

120.3.3.4 Safety

The requirementsof 3.3.9 of the basicspecificationapply,exceptas follows:

120.3.3.4.1 Yield Factor

The yieldfactor shallbe a minimumof 1.1. appliedto the limitload. Componentsshallhave
adequate strengthto withstandlimitloadswithoutlossof operatingcapabilityfor the life of the
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component. (This factor is notapplicable to the loads generated by the firing of the pyrotechniccharge).

120.3.3.4.2 Design Ultimate Factor of Safety

The design ultimate factor of safety shall be a minimum of 1.4 applied to the limit load.
Components shall have adequate strength to withstand ultimate loads without failure. The 1.4
factor is not applicable to loads generated by the fidng of the pyrotechnic charge. When the
ultimate tensile strength of a selected material is more than 1.4 times the yield strength of the
material, the design shall be based on the limit load and the yield strength of the material.

120.4 QUALITY ASSURANCE PROVISIONS

120.4.1 General Requirements

The requirements of 4.1 of the basic specification apply.

120.4.1.1 Destructive Test Sampling

Unless otherwise specified, the number of pyrotechnic bolts to be fired from various lot sizes of
loaded Pyrotechnic Devices shall be 10% of the lot or 10 units minimum.

A. Lot size equals number of units presented for lot acceptance tests.

B. Fractional sample sizes below 0.5 shall be rounded downward.

C. Fractionalsizes 0.5 and above shall be rounded upward.

Whenever sampling inspection reveals one or more non-conforming items and the sampling
plan does not require rejection of the lot, all items in the lot shall be inspected for the identifiednon-conforming characteristic.

120.4.2 Quality Conformance

The requirementsof 4.2 of the basic specificationapply except as follows.

120.4.2.1 Development

The requirementsof 4.2.1 of the basicspecificationapply.

120.4.2.2 Acceptance Test

The non-destructiveportionof the acceptancetestshowninTable 120-2 shallbe conductedon
all pyrotechnicbolts madefrom the lot.For a pyroboltlot whichhas experienceda design
configurationchangeor a manufacturingprocesschangeaffectingform, fit, or functionof the
pyroboltsinceany priorproductionlot acceptancetests,thedestructiveportionof the acceptance
testshallbe performedon samplesrandomlyselectedfromtheentiremanufacturedlotandtested
by the sequenceshownon Figure120-C. Forpyroboltlotswhichare identicalin designto the prior
productionlot and whosemanufacturingprocesseshave notchangedsincethe priorproduction
lot,the destructiveportionof theacceptancetest shallbe performedin accordancewithFigure
FORM U 131-H-2 REV 9-87
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120-D. The Seller shall perform any other test deemed necessary, subject to the approval of
Buyer, to assure compliance with the requirements for the end product. The final tests and
inspections shall be performed in a manner and under conditions which simulate end use to the
highest degree practical without damage to the deliverable units. Any pyrotechnic bolt that fails
a non-destructive test shall be rejected. Failure of any pyrotechnic bolt to meet a destructive-
test requirement shall cause rejection of the entire tot. Prior to delivery and as a condition of
acceptance, the Seller shall conduct the inspection and testing in the sequence shown in Table
120-2 on each pyrobolt.

Table 120.2. Acceptance Tests, Detonator Cartridge/Pyrotechnic Bolt

Paragraphs Listed in

Recommended Seauen_

Examination of Product 120.4.2.2.1
Tensile Test 120.4.2.2.2.2
Electrostatic Discharge Test 120.4.2.2.2.4
Insulation Resistance Test 120.4.2.2.2.5
Bddgewire Resistance Test 120.4.2.2.2.6
X-ray Test 120.4.2.2.1.1
Neutron Radiography Test 120.4.2.2.1.2
Leakage Test 120.4.2.2.2.1
Examination Of Product 120.4.2.2.1
Lot Firing Test 120.4.2.2.2.3
Age Life Certification Test 120.4.2.5.1

120,4.2.2.1 Examination of Product

The requirements of 20.4.2.1.1 of Appendix II apply.

120.4.2.2.1.1 X-ray Test

Each pyrotechnic bolt shall be x-rayed to determine that there are no missing or improperly
oriented details, no improperly machined critical cross sections and to vedfy that there are no
foreign objects or materials present.

Individually X-ray each bolt and identify each film with corresponding bolt serial number. Take
two views, approximately 90 degrees apart perpendicular to the longitudinal axis. Two

negatives shall be made of each view. The Seller shall retain possession of the X-ray film for
any future analysis; Seller shall, however, make the film available for review at their facility.

120.4.2.2.1.2 Neutron Radiography Test

Each pyrotechnic bolt shall be subjected to neutron radiography examination in one view to
verify that the units meet the following:

A. The pyrotechnic bolt contains the proper explosive loading.
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B. The pyrotechnicmixtureis presentand properlyorientedin accordancewith theapplicable
assemblydrawing.

C. There are no missingor improperlyorienteddetails.

D. There are no foreignobjectsor materialspresent.

E. There are no detectableimperfections.

Cartridges loaded with loosepowder shall be N-rayed in the initiation-end-up position with the
neutron beam horizontal. All radiography shall be reviewed and anomalies if any shall be
resolved prior to subsequent tests. The odginal neutron radiograph negative shall be submitted
to Buyer as part of end-item data; a copy shall be retained in the supplier's permanent files.
Each N-ray film shall be identified with pyrobolt part number, lot, and serial number.

120.4.2.2.1.3 Radiography Defects

Radiographs showing identified defects shall be used as inspection aids and criteda in the
inspection of radiographic negatives of production parts. As a minimum, the following defects
shall be identified and described for inspection of X-radiographs.

A. Missing, partial, and unconsolidated charges

B. Voids and gaps in and between charges

C. Charge density variations

D. Internal foreign material located in charges, flash holes, etc. (Material and size should be
identified to determine resolution capabilities.)

E. Out-of-position charges and components

F. Presence of manufacturing liquids and materials

G. Missing components such as O-rings, spacers, and washers

H. Excess materials such as solder, flux, and adhesive

In complyingwith these requirements,the manufactureof special defectiveparts is neither required
nor desired. "Discovered defects" may be used for personnel training and inspection aids.

120.4.2.2.2 Functional and Performance Tests.

120.4.2.2.2.1 Pyrotechnic Bolt Leakage Test

Each pyrotechnic bolt shall be subjected to a leakage test as follows:

A. Place the pyrotechnic bolts in a vacuum chamber and maintain a minimum vacuum of one
inch Mercury absolute for a period of no less than 25 minutes to ensure the removal of air.

B. Fill the chamber with Helium to a pressure of 15 psig (pounds per square inch gage)
minimum and allow to soak for a minimum of five minutes.
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C. At the completionof the heliumsoak, washeach boltwith drynitrogento remove helium
from externalsurfaces.

D. Within20 minutesafter removalfrom the heliumenvironment,place each boltin a leak-
detectionchamberto recordthe leak rate in cubiccentimetersper second.

E. Failureof any unitto meet the leakage requirementsof 120.3.2.2.1.3 shallresultin rejection
of that unit.

120.4.2.2.2.2 TensileTest

Priorto acceptanceof any inertbolt body,the suppliershallconducttensiletestson a minimum
of 3% of the lot.The acceptancecdtedashallbe as specifiedin 120.3.2.1.4. Failureto meet
these acceptancecriteriashallbe causefor rejectionof the frangibleboltbodiesmade fromthat
lotof material.

120.4.2.2.2.3 Lot FiringTest

Randomsamplesof a minimumof ten percentof the lot that have passedthe non-destructive
testsof Table 12002shallbe consecutivelynumbered. The exact quantitiesrequiredare
specifiedin Figure1200Cfor a pyroboltlotwhichcontainsa configurationchange indesignor
manufacturingprocessessince the lastaccepted productionlot. Fora pyroboltlotwhich is
identicalinconfigurationin both designand manufacturingprocessesto the lastaccepted
productionlot,the destructivequantitiesare showninFigure120-D. The test unitsshallbe
exposedto the ShockTest, Random-VibrationTest, Pressure-CyclingTest, andThermal
VacuumTest identifiedinTable 12003before beingfiredon test fixturesand testset-ups
approvedby the Buyer.The firingtestdistributionis as follows:

A. Low-TemperatureFirinaI. The samples for lowtemperaturefiringper Figures120-C or -D
shall be fired in accordancewith the following:

, 1. The boltsshall be installedintest fixtures. The test fixtureshall be stabilizedandthe
pyroboltfiredat a temperatureof minus58°F (+ 5OF).

2. Fortest groupswithmorethan one boltspecimen,initiateby applyingfiringcurrentto
one bridgewirefor 50% of the boltquantityand to bothbridgewiressimultaneouslyfor the
other 50% of boltquantity.

3. Prior to each firingtest, measureand recordthe firingcircuitresistance.

4. Duringthe firingtest, measureand recordfiring current,andtime from applicationof
current to initiationwitha permanentrecordingdevice.

5. Verify completeseparation. Inspectand recordthe conditionand engagementof the
lockingpinsof the passivehookand the activehook.

6. Visuallyinspect and recordall findingsand conditionsof the test items.

7. Photographsshallbe made of the test set-uppriorto firing. Photographsof the test
specimenssubsequentto the firingshallbe taken ifan anomaly is notedduringthe test to
documenttest results.
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B. High-TemperatureFiring. The samplesfor hightemperaturefiringper Figures120-C or -D
shallbe firedper 120.4.2.2.2.3 (A) exceptthat the specimenshallbe stabilizedand fired at
a temperatureof 122°F (+ 5OF).

C. Ambient-TemDeretureFiringI. The samplesfor ambienttemperaturefiringper Figures120-
C or -D shall be firedsimilarto A1, exceptthat the firingshallbe at ambienttemperature.

D. Underload FiringTest. The undedoad firingtest samplesshall be fired per 120.4.2.4.1.7.4.

The Buyer and NASA will identify the disposition on the balance between the ten percent of thelot and fifty-eight units.

120.4.2.2.2.4 Electrostatic Sensitivity Test

Each pyrotechnic bolt shall be subjected to the electrostatic discharge requirement in
120.3.2.2.2.6. The pyrotechnic bolt shall not degrade and shall meet all the performance
requirements in this appendix.

120.4.2.2.2.5 InsulationResistanceTest

The resistancebetween the electroexplosivebodyand the bridgewireterminalsshallbe
measuredand recordedby applyinga potentialof 100 + 5% volts direct currentfor 15 seconds
minimum.The measuredresistanceshallbe 2 megohmsminimum.

120.4.2.2.2.6 BridgewireResistanceTest

The bridgewireresistanceof each pyrotechnicboltshallbe measuredand recordedon the test
data sheet. The measuredresistanceshall be 1 to 2 ohms at laboratoryambienttemperature.
Test currentshall be limitedto 50 milliamperesfor a maximumof one minute.

120.4.2.4 Certification

The Seller shall certify the requirementsof Sections120.3 and 120.5 by the followingmethods.

120.4.2.4.1 Qualification Tests

Qualification testing shall be in conformance with the requirements of this paragraph.

120.4.2.4.1.1 Test Hardware

Qualification test hardware shall be of the same lot and configuration as the flight hardware.
The requirement to have the same lot can be satisfied if sufficientdata from previouscertifica-
tionsshowsstableandconsistentperformance.Qualification-testspecimensshall be subjected
to the testsspecifiedin Table 120-3. Data from previoustests may be includedto the extent
that they conformto the test parametersof thisspecification.

120.4.2.4.1.2 Performance Requirements

The requirementsin 4.2.4.1.2 of the basicspecificationapply.
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Table 120.3. Qualification Requirements

ParagraphsListedin

•_ Recommended Seouen_:e

NondestructiveAcceptance 120.4.2.2
Shock 120.4.2.4.1.4
RandomVibration 120.4.2.4.1.3
PressureCycling 120.4.2.4.1.5
Thermal Cycling 120.4.2.4.1.6
Six-FootDrop 120.4.2.4.1.4.1
PyrotechnicBoltAmbientFiring 120.4.2.4.1.7,1
PyrotechnicBoltLow-TempFiring 120.4.2.4.1.7.2
PyrotechnicBolt High-TempFiring 120.4.2.4.1.7.3
85% Charge Firing 120.4.2.4.1.7.4
D.C. Sensitivity 120.4.2.4.1.7.5
Auto Ignition 120.4.2.4.1.8
Age Life CertificationTest 120.4.2.5.1
PyrotechnicRelease Separation 120.4.2.4.1.7.6

120.4.2.4.1.3 RandomVibration

The boltsshallbe mountedin a test fixtureand torquedto installation-drawingrequirements.
The mountingplateshallhave no resonancesin thespectrumtested. The unitshallbe
subjectedto randomvibrationalongeach of the three orthogonalaxes as follows:

A. The bolts shallbe subjectedto an accelerationspectraldensity increasingat the rate of plus
3 dB per octave from 20 to 80 Hz; constantat 0.067 g2/Hzfrom 80 to 350 Hz; decreasingat
the rate of minus3 dB per octavefrom 350 to 2000 Hz. The durationshallbe 1020
seconds per axis.

B. After the test,visuallyinspectand recordconditionsof the test items.

120.4.2.4.1.4 Shock

The boltsshallbe subjectedto a BasicDesignShockof 20 g's for a nominaldurationof 11
millisecondsineach of three perpendiculardirections.The test unitsshallbe subjectedto 18
impactshocksof 20g, (threeshocksin oppositedirectionsalongeach of the three mutually
perpendicularaxes).

120.4.2.4.1.4.1 Six-FootDrop

Two pyrotechnicbolts(samples9 and 10) shallbe subjectedto theAcceptanceTests followed
by a six-foot-droptesL One boltshallbedroppedinaxis1,the otherboltin axis2, of Figure120-B,one dropper bolt.

A. The bolts shallbe droppedfrom a heightof sixfeet, plussixinches,minuszero inches.

B. The impact surface shallbe a steelplatewitha minimumthickness of 114inch backed up bya minimumthree inch concrete.
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C. Drops shall be made from a quickrelease hookor equivalentand the guidedso as to be
releasedand contactin that axis.

D. After the droptest each boltshallbe fired to verify detonationperformance.

NOTE: If boltsare deformedor damaged duringdrop,no firingtest is required.

E. Photographsshallbe made of the testboltsafter thedrop and of the firingtestset-up.

120.4.2.4.1.5 PressureCycling

The boltsshallbe subjectedto 25 pressurecycles. One pressurecycle shallconsistof
subjectingthe test itemsto the following:

A. The pressureshallbe raisedto and heldat 14.7 poundsper square inchabsolute(psia)
pressurefor 5 minutesminimumand then reducedto 0.65 psia inless than 15 minutes.
Pressureat 0.65 psia shallbe held for 25 minutes. The pressureshallbe raised back up to14.7 psiain five minutes.

B. At the endof the lastcycle, the test itemsshallbe raisedto ambientpressure.

C. After the test, visuallyinspectand recordconditionsof the test items.

120.4.2.4.1.6 Thermal Cycle

The boltsshallbe subjectedto 25 thermalcycles.

A. Mountthe boltson a surfaceplateand torqueto installation-drawingrequirements. The
temperatureof the test itemsshallbe raisedto plus185°F ± 5OFwithinthree hoursand
maintainedat thistemperaturefor I hour.The temperatureof the testitemsshallbe reducedto
andstabilizedat minus85OF± 5OFwithin3 hoursandmaintainedat thistemperaturefor I hour.
The temperatureshall be raised back up to plus185OF± 5OFwithin3 hours. The change in
temperature from highto lowto highwithprescribedsoakingtimesconstitutesone cycle.

B. At the end of the lastcycle, the test itemsshallbe conditionedto ambient temperatureandpressurewithin2 hours.

C. After the test, visuallyinspectand recordconditionsof the test items.

120.4.2.4.1.7 FiringTests

Redundantinstrumentationshall be used for sensingall test firing data.

120.4.2.4.1.7.1 PyrotechnicBoltAmbientFiringTest

The procedureshallbe as follows:

A. The pyroboltsshallbe installedinsimulatortest fixturesapprovedbythe Buyerand allowed
to stabilizeat ambientlaboratorytemperature.

B. Prior to each firingtest, measureand record the firing-circuitresistance.
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C. Duringthe firingtest, measureand recordfiringcurrent,andtimefrom applicationof current
to initiationwith a permanentrecordingdevice.

D. Verify completeseparation. Inspectand recordthe conditionand engagementof the
lockingpinsof the passivehookand the activehook.

E. Visuallyinspectand recordall findingsandconditionsof the test items.

F. Photographsshallbe made of the testset-up priorto firing. Photographsof the test
specimenssubsequentto the firingshall be taken if any anomaliesare observedto
documenttest results.

120.4.2.4.1.7.2 Low-TemperatureFiringTest

The low-temperaturefiringtestprocedureshallbe the same as specifiedin 120.4.2.4.1.9
exceptthat the specimenshallbe stabilizedand firedat a temperatureof minus58°F (+ 5OF).

120.4.2.4.1.7.3 High-TemperatureFiringTest

The high-temperaturefiringtest procedureshallbe the same as specifiedin 120.4.2.4.1.9
exceptthat the specimenshallbe stabilizedand fired at a temperatureof 122°F (_+5OF).

120.4.2.4.1.7.4 85% Charge FiringTest

-- The test procedureshallbe the same as specifiedin 120.4.2.4.1.7.1 exceptthatthe boltshall
be loadedwith85% of itsnominalchargeloadingand onlyone bridgewireshall be initiatedon
all 85% chargeweightpyroboltfirings.

120.4.2.4.1.7.5 DC SensitivityTest

120.4.2.4.1.7.5.1 To determineandverify pin-to-pinmaximum."No-fire"leveland minimum
=All-fire"levelfor the bolt,using40 randomlyselectedserializedpyrotechnicboltsfrom the lot
that have passedthe non-destructivetestsof Table 120-2, these testunitsshallbe exposedto
the HumidityTest, ShockTest, Random-VibrationTest, Pressure-CyclingTest, andThermal
VacuumTest identifiedinTable 120-3. These test unitsshall then be exposedfor thesecond
time to X-ray test, BridgewireResistanceTest, InsulationresistanceTest, and Leakage Test
identifiedinTable 120-2 before beingfiredon test fixturesand testsetupsapprovedbyRockwelland NASA.

120.4.2.4.1.7.5.2 Allfiringsshall be at laboratoryambientconditions.

120.4.2.4.1.7.5.3 The firingsetupshall be suchthatthe powersupplyisa 28 Vdc system,and
the total resistanceRT is equal to V/I, where I isthe current requiredat the initiatorpinsand RT
variesaccordingto the testcurrentrequiredfor each firing. A constantcurrentpowersupply
may be usedto supplythe desired inputcurrentfor this test.

120.4.2.4.1.7.5.4 All specimensshallbe initiatedusinga constant-currentpulsestimulus
appliedto a singlebridgewire(pinto pin)for 40 to 50 millisecondsmaximum. The specified
firingcurrent is at the initiatorpins.

120.4.2.4.1.7.5.5 The test-currentincrementsshallbe 0.10 amps.
i
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120.4.2.4.1.7.5.6The firstpyrotechnicboltspecimenshallbe initiatedwith 0.6 amps finngcurrent.

120.4.2.4.1.7.5.7 The firing current for the next test shall be:

0.1 ampere below the previous test current if the unit fired.

0.1 ampere above the previous test current if the unit did not fire.

Note: Figure 120-C is a chart of typical sensitivity-test results.

120.4.2.4.1.7.5.8 Prior to each firing, a Bridgewire Resistance and Insulation Resistance test
shall be performed on each set of bridgewires of each bolt.

120.4.2.4.1.7.5.9 For each fidng, the current and time from application of current to initiation
shall be measured and recorded to provide a permanent record, (i.e. oscilloscope picture,
digital recording on floppy disk, etc.). These records shall be maintained by the test agency
and a copy submitted as part of the test report.

120.4.2.4.1.7.5.10The 40 bolts shall be subjected to the test while installed in a fixture
approved by NASA. In the event of =No-Fire,"the pyrobolt shall be disconnected from the test
setup, tag-identified as =NO-FIRE,at__,ampere" denoting the value of the currentapplied.NASA
will determinethe dispositionof the No Fire test units.

120.4.2.4.1.7.5.11 After testing all 40 bolts, calculate the mean and standard deviation from
the resulting firing currents.

120.4.2.4.1.7.6 Pyrotechnic Release Separation Test

A separation test shall be conducted to demonstrate the capability and performance of the
pyrotechnic release. A full-up simulated mated separation-system test is required for
qualification test. Shock loadsat the APDNdocking adapter interface shall be recorded.

120.4.2.4.1.8 Auto Ignition Test

A minimum of four pyrotechnic bolts or two latch assemblies shall be used for this test. The
pyrotechnic bolts or latch assemblies shall be exposed to elevated temperatures up to 235°F.
The temperature of the pyrotechnic bolt shall be monitored at all times during the test. The rate
of temperature change in the test chamber shall not be less than 1 degree Fahrenheit per
minute nor more than 4 degrees Fahrenheit per minute. The pyrotechnic bolt temperature shall
be stabilized at 235°F for 1 hour. Verify that there is no auto-ignition of the pyrotechnic boltduring the test.

120.4.2.4.2 Certification By Analysis

The following requirements shall be verified by analysis.

120.4.2.4.2.1 Storage/Operating Life

Compliance with storage/operating life requirements of section 120.3 shall be verified byanalysis of the drawings and applicable test data.
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120.4.2.4.2.2 Factors of Safety

The capability of the pyrotechnic bolt to withstand the factors of safety in accordance with 120.3
shall be verified by analysis of design drawing and test results.

120.4.2.4.2.3 Reliability

Compliance with the reliability requirements of section 120.3 shall be verified by analysis and
evaluation of design drawings and test data, as applicable.

120.4.2.4.2.4 Materials and Processes

Compliance with the materials and processes requirements of Section 120.3 which cannot be
verified by assessment of design drawings and procedures must be verified by test.

120.4.2.4.2.5 Safety

Compliance with the safety requirements of section 120.3.3.4 shall be verified by analysis and
evaluation of design drawings and test data as applicable.

120.4.2.5 Lot Age Certification

The following testingmust be conducted to certifythe flight lotfor continueduse.

120.4.2.5.1 Age LifeCertificationTest

Seven years (para. 120.4.2.5.1.1) andeleven years (pare. 120.4.2.5.1.2) after the date of
acceptancetest, five pyroboltsfrom the flightlot shallbe subjectedto the thermalenvironments
specifiedin paragraph 120.4.2.4.1.6 but at atmosphericpressureratherthan vacuum
conditions;the pyroboltsshallalsobe subjectedto the randomvibrationspecifiedin paragraph
120.4.2.4.1.3 and shockspectraas specifiedin paragraph120.4.2.4.1.4. The thermalcycling
shall preceed the randomvibration.The pyroboltsshallthenbe fired inaccordancewith
paragraph120.4.2.2.2.3 (c).

120.4.2.5.1.1 Age Life Test I

Five samplesshall be exposedto theAge LifeTest environmentsper 120.4.2.5.1 seven years
after the acceptance test for thepyroboltlot inquestionand subsequentlyfired per
120.4.2.2.2.3(c). Onlyone bridgewireshallbe installedinall fivefirings. Verify complete
separationof the test articles.

120.4.2.5.1.2 Age Life Test II

Fivesamplesshallbe exposedto the Age LifeTest environmentsper 120.4.2.5.1 eleven years
after the acceptancetest for the pyroboltlotin questionandsubsequentlyfiredper
120.4.2.2.2.3(c). Only one bdclgewireshallbe installedin allfive firings. Verify complete
separationof the test articles.

120.5 PREPARATION FOR DELIVERY

The requirementsof Section5 of the basicspecificationapply.
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ACTUATOR ACTUATOR

EPDC: ELEC POWER DISTRIBUTION & CONTROL
AH: ACTIVE HOOK
PH: PASSIVE HOOK
PD: PYRO DEVICE

Figure 120-A. Pyrotechnic Release Block Diagram
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Figure 120-B. Pyrotechnic Bolt Mounting
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DC 6-Ft Low High Auto 15% Age Am_ Fhgn
Sens. Drop Temp Temp Ignition Under Life Temp Unit_

= Finng Fidng load Finng
Group A B C O E G H I J

BoltQty 40 2 4 4 4 2 20 24 96

JSC 26938 PARAGRAPH SEQUENCE OF TESTS

EXAMINATIONOF PRODUCT 120.4.2.2.1 1 1 1 1 1 1 1 1 1

_LI=RTROSTATICDISCHARGE 120.4.2.2.2.4 2 2 2 2 2 2 2 2 2

_INSULATIONRESISTANCE 120.4.2.2.2.5 3 3 3 3 3 3 3 3 3

BRIDGEWlRE RESISTANCE 120.4.2.2.2.6 4 4 4 4 4 4 4 4 4

X-RAY 120.4.2.2.1.1 5 5 5 5 5 5 5 5 5

N-RAY 120.4.2.2.1.2 6 6 6 6 6 6 6 6 6

HELIUM LEAK TEST 120.4.2.2.2.1 7 7 7 7 7 7 7 7 7

SHOCK 120.4.2.4.1,4 8 8 8

RANDOM VIBRATION 120.4.2.4.1.3 9 9 9

PRESSURE CYCLING 120.4.2.4.1.5 10 10 10

rTHERMALCYCLING 120.4.2.4.1.6 11 11 11

6-FT DROP 120.4.2.4.1.4.1 8

LOW TEMP FIRING 120.4.2.4.1.7.2 12

HIGHTEMP FIRING 120.4.2.4.1.7.3 12

15% UNDERLOAD 120.4.2.4.1.7,4 8

DC SENSITIVITY 120.4.2.4.1.7.5 8

AUTO IGNITION 120.4.2.4.1,8 8

AMBIENT TEMP. FIRING 120.4.2.4.1.7.1 9 9 12

AGE LIFE TESTING 120.4.2.5.1 8

Figure 120-C. Destructive Test Matrix for Pyrobolts with a Design or Manufacturing
Process Configuration Change

I
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Low High Amid. 15% Age Flight
Temp Temp Temp. Under Life Units
Firing Firing Firing load

Groul: C D E G H J
BoltQty. 10 10 5 2 10 100%

JSC 26938 PARAGRAPH SeQuenceof Test_
EXAMINATION OF PRODUCT 120.4.2.2.1 1 1 1 1 1 1

ELECTROSTATIC DISCHARGE 120.4.2.2.2.4 2 2 2 2 2 2

INSULATION RESISTANCE 120.4.2.2.2.5 3 3 3 3 3 3

BRIDGEWtRE RESISTANCE 120.4.2.2.2.6 4 4 4 4 4 4

X-RAY 120.4.2.2.1.1 5 5 5 5 5 5

N-RAY 120.4.2.2.1.2 6 6 6 6 6 6

HELIUM LEAK TEST 120.4.2.2.2.1 7 7 7 7 7 7

SHOCK 120.4.2.4.1.4 8 8 8

_,ANDOMVIBRATION 120.4.2.4.1o3 9 9 9

!PRESSURE CYCLING 120.4.2.4.1.5 10 10 10

THERMAL CYCLING 120.4.2.4.1.6 11 11 11

LOW TEMP FIRING 120.4.2.4.1.7.2 12

HIGH TEMP FIRING 120.4.2.4.1.7.3 12

15% UNDERLOAD 120.4.2.4.1.7.4 8

AMBIENT TEMP. FIRING 120.4.2.4.1.7.1 12

AGE LIFE TESTING !120.4.2.5.1 8

Figure 120-D. Destructive Test Matrix for Pyrobolts without a Design or Manufacturing
Process Configuration Change Since Last Production Lot Acceptance
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SEQUENCE OF FIRING

1 2 3 4 5 6 7 8
0.8

TEST "X: ...... _ ..................... ;_ ........ X
CUR- 0.61 0 )K ; 0 0
RENT, :

0
0.4

AMPS

0.2

• O = NO-FIRE

• X = FIRE

• X = AVERAGE

_ L
NF,-.)-i ]Tj

where

NF is the number of cases in which firing occurred;
IFj is the magnitude of the jth current for which

firing occurred.

Figure 120-E. Example of Charting Results of Sensitivity Test
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Appendix XIII

130. INTERCONNECTING WIRING

130.1 SCOPE

This appendix is a description of the wiring interfaces between the APDS and the Orbiter
avionics subsystems, including that between the APDS component Line Replaceable Units.
This appendix also describes the wiring between the -7001 and -8001 APDAs and ISS.

130.2APPLICABLE DOCUMENTS

N/A

130.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply, except as follows:

130.3.1 Item Definition

The wiringinterfacesbetweentheAPDSand the Orbiteravionicssubsystems(includingthe
interfacesbetween theAPDS LineReplaceableUnits),andwidng interfacesbetween the -7001
and -8001 APDAs and ISS are usedto providetransmissionof signalsand power to all the
dockingsystemelectrical, electronics,andelectromechanicalequipment. Alsoincludedare the
widng interfacesused for electricalcheckout.

130.3.1.1 Item Diagram

Figures 130 A - E are block diagrams showing all pigtail cables to be provided by the seller to
configure the Standard Orbiter (Orbiter 103, 104, and 105) and the ISS PMA 1,2,3. Dimensions
of the cables depicted in these figures are specifically defined in Tables 130 A - E.

130.3.1.2 Deleted

130.3.1.3 Item Identification

The pigtail cable sets shall be identified as follows. Individual cables making up each of these
cable sets are identified in Table 130-F.

i
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OrbiterCables SLIYu 374511.010
SLIYu 374511.011
SLIYu 374511.018
SLIYu 374511.019

PMA -2,3 Cables SLIYu 374511.021

PMA -1 Cables SLIYu 374511.020

130.3.1.3.1 Cable Set Identification

All cablesshall be permanentlymarkedwith the Seller'spart numberand serial number. Each
connectorreferencedesignatorshallbe permanentlymarked on the cable in a locationcloseto
the respectiveconnector.All cablesshall have the connectorand pinnumberwhere each wire
is terminatedpermanentlymarkedon each individualpigtailwire. Buyerpart numbermarkingon cables is not required.

130.3.2Characteristice

130.3.2.1 Performance Characteristics

The interconnecting wiring shall provide the means to perform the functions allocated to it, in
concert with the avionics Line Replaceable Units provided by the Seller, to achieve optimal
matingldemating of the ISS with the Orbiter.

130.3.2.1.1 Life

The interconnecting widng shall have a minimum service life without failure of:

Resource umbilical mate-demate cycles: 100
Other connector mate-demate cycles: 250
Live operation: 15,000 hours

130.3.2.1.2 Design Approach

The requirements in 3.2.1.2 of the basic specification apply.

130.3.2.2 Physical Characteristics

130.3.2.2.1 Envelope

The cables shall have lengths defined in Tables 130 A-E and Figures 130 F-G.

130.3.2.2.2 Weight.

The weight of each of the InterconnectingWiringcable sets shall notexceed TBD Ibs.

130.3.2.3 Reliability
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The requirementsof 3.2.3 of the basicspecificationapply

130.3.2.5 Environment

The APDA and airlockfloor floor requirementsof 3.2.5 the basic specificationapply.

130.3.2.6 Transportability

The requirementsof 3.2.6 of the basicspecificationapply.

130.3.3Design and Construction

The requirements of 3.3 of the basic specification apply.

130.4QUALITY ASSURANCE PROVISIONS.

130.4.1 General Requirements

The requirementsof 4.1 of the basicspecificationapply.

130.4.2Quality Conformance

.... 130.4.2.1 Development

The requirements in 4.2.1 of the basic specification apply.

130.4.2.2 Acceptance

Acceptance tests and inspections shall be performed on the interconnecting wiring, to be
employed on the delivered units to the Buyer. The minimum number of tests and inspections,
and the sequence thereof shall be as specified in Table 130-F. The Seller shall perform any
other test deemed necessary, subject to approval of the Buyer.

Table 130-F. Acceptance Requirements

ParagraphsListedin
J_@J2._t._I_l_C_ RecommendedSeouenc_

Examinationof Product 130.4.2.2.1
Functional& PerformanceTest 130.4.2.2,2
InsulationResistanceTest 130.4.2.2.2.1
DielectricStrengthTest 130.4.2.2.2.2
Functional& Performance Recheck 130.4.2.2.2

130.4.2.2.1 Examinationof Product

The requirementsin4.2.2.1 of the basicspecificationapply.

130.4.2.2.2 FunctionalandPerformance Tests
I
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The requirementsin4.2.2.2 of the basicspecificationapply.

130.4.2.2.2.1 InsulationResistanceTest

The requirementsin4.2.2.2.1 of the basicspecificationapplyexceptresistanceshall be no lessthan 50 Mohms.

130.4.2.2.2.2 DielectricStrengthTest (Vacuum Test only)

The requirementsin4.2.2.2.2 of the basicspecificationapplyexcept that the testvoltageshall
be either 355 Vac for 1 minuteor 450 Vac for 1 second.

130.4.2.3 Assessment

The requirementsin4.2.3 of the basicspecificationapply.

130.4.2.3.1 Reliability

The requirementsin4.2.3.1 of the basicspecificationapply.

130.4.2.3.2 Materialsand Processes

The requirementsin 4.2.3.2 of the basicspecificationapply.

130.4.2.3.3 Parts Standardization

The requirementsin 4.2.3.3 of the basicspecificationapply.

130.4.2.3.4 Electrical DesignRequirements

The requirements in 4.2.3.4 of the basic specification apply.

130.4.2.3.5 Interchangeability

The requ=rementsin 4.2.3.5 of the basic specification apply.

130.4.2.3.6 Human Performance�Human Engineering

The requirements in 4.2.3.6 of the basic specification apply.

130.4.2.3.7 Safety

The requirements in 4.2.3.7 of the basic specification apply.

130.4.2.3.8 Identification and Marking

The requirements in 4.2.3.8 of the basic specification apply.

130.4.2,4 Certification

The requirements in 4.2.4 of the basic specification apply.

130.4.2.4.1 QualificationTests I
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Qualificationtesting performedto satisfythe requirementsin the performanceand designverification
matrix of Section 4 Table V shall be in conformance with the requirements of this paragraph.
Qualification test specimens shall be subjected to the tests specified in the sequence shown.

Table 130-G. Qualification Requirements

SuggestedTest ParagraphListedin
Sequence RecommendedSequence

AcceptanceTest 130.4.2.2
PerformanceTest 130.4.2.4.1.2
TransportationTest 130.4.2.4.1.10
Vibration 130.4.2.4.1.4
Shock 130.4.2.4.1.6
Acceleration 130.4.2.4.1.5
ThermalVacuumTest 130.4.2.4.1.9
QualificationHumidityTest 130.4.2.4.1.3
"EMC Test 130.4.2.4.1o8
FinalPerformanceTest 130.4.2.4.1.2

* Test and analysiswill be conductedand documented by Buyer.

130.4.2.4.1.1 Test Hardware

Qualificationtest hardwareshall be of the same configurationas flight hardware.

130.4.2.4.1.2 Performance Requirements

The requirementsin 4.2.4.1.2 of the basicspecificationapply.

130.4.2.4.1.3 QualificationHumidityTest

The requirementsin 4.2.4.1.3 of the basicspecificationapply.

130.4.2.4.1.4 Vibration.

130.4.2.4.1.4.1 Qualification- AcceptanceVibrationTest (QAV'r)

The InterconnectingWiringshall be subjectedto thequalificationrandomvibrationintwo
mutuallyperpendicularaxes:

Frequency,Hz SpectralDensity,g2/Hz
20-50 0.1-0.3
50-100 0.3-1.0
100-200 1.0
200-500 1.0
500-1000 1.0-0.5

1000-2000 0.5-0.2
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The total durationof thevibrationfrequenciesis 120 sec; (60 sec per axis).

130.4.2.4.1.5 Acceleration

The InterconnectingWiringshall be subjectedto linearaccelerationof 50 g's for 10 minutes in
each of the two mutuallyperpendicularaxes.

130.4.2.4.1.6 Shock

The InterconnectingWiringshall be subjectedto 20 shockpulsesof 100 g's withthe pulse
durationof 1-5 msec in two mutuallyperpendicularaxes.

130.4.2.4.1.7 Lightning

The requirementsin4.2.4.2.12 of the basicspecificationapply.

130.4.2.4.1.8 ElectromagneticCompatibilityTests

The requirementsin4.2.4.1.9 of thebasicspecificationapply.

130.4.2.4.1.9 ThermalVacuum Test

The InterconnectingWiringshallbesubjectedtothermalvacuumtestinginthreephasesasfollows:

Phase1 - The Interconne_ngWiringshallbe exposedto the maximumandminimumoperating
temperaturesfor a durationof not lessthan 3 hours. Rate of changeshall not exceed 240 °F
(133.3°C) perhour,norbe lessthan60 °F (33.3°C) per hour. Selectedperformancetest at the
hightemperatureexbemeshallincludeoperaUonatthemaximumheatdissipatingmodefora duration
consistent_ thedesigncapabilityandsufficientto obtaintestdata. Duringthe lowtemperature
ex'o'emes,theperformancetestshallincludeoperationatminimumheatdissipatingmodefora dura_on
sufficienttoverifyacceptableperformance.The thermal exposureshall be performed by separate
testswitha performance test betweenexposures.

Phase 2 - The InterconnectingWiringshall be thermallycycledbetweenthe maximumand
minimumoperatingtemperaturesper the requirementsspecifiedin Phase 1.

Phase 3 - The InterconnectingWiringshallbe subjectedto a vacuumbetween104 and 10-smmHgfor24 hours.

130.4.2.4.1.10TransportationTest

The requirementsin 4.2.4.1.11 of thebasicspecificationapply.

130.4.2.4.1.11 OperatingLife Test

The requirementsin 4.2.4.1.12 of the basicspecificationapply.

130.4.2.4.2 CertificationBy Analysis

The requirementsin 4.2.4.2 of the basicspecificationapply.

1
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130.4.2.4.2.1 Storage/OperatingLife

The requirementsin4.2.4.2.1 of the basicspecificationapply.

130.4.2.4.2.2 PhysicalCharacteristics

The requirementsin4.2.4.2.2 of the basicspecificationapply.

130.4.2.4.2.3 130.4.2.4.2.3 Reliability

The requirementsin 4.2.4.2.3 of the basicspecificationapply.

130.4.2.4.2.4 Salt Fog

The requirementsof 4.2.4.2.4 of the basic specificationapply.

130.4.2.4.2.5 Ozone

The requirementsin4.2.4.2.5 of thebasicspecificationapply.

130.4.2.4.2.6 Fungus

The requirementsin4.2.4.2.6 of the basicspecificationapply.

130.4.2.4.2.7 Materialsand Processes

The requ=rementsin4.2.4.2.7 of the basicspecificationapply.

130.4.2.4.2.8 ElectromagneticCompatibility

The requirementsin4.2.4.2.8 of the basicspecificationapply.

130.4.2.4.2.9 ElectricalDesignRequirements

The requirementsin 4.2.4.2.9 of the basicspecificationapply.

130.4.2.4.2.10 Safety

The requirementsin4.2.4.2.10 of the basicspecificationapply.

130.4.2.4.2.11 Sand and Dust

The requirementsin4.2.4.2.11 of the basicspecificationapply.

130.4.2.4.2.12 Certificationby Other Test Data

The requirementsin4.2.4.2.12 of the basicspecificationapply.

130.4.2.5 Verification Requirements Matrices

The requirementsin 4.2.5 of the basicspecificationapply.
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130.5 PREPARATION FOR DELIVERY

The requirements in Section5 of the basicspecificationapply.

I
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Avionics Pallet Starboard

Control Control Switching
Unit 1 Unit 2 Unit

x210 x212 x214 x218 x213 x220 x211 x30 x31 x32 x219 x221 x224

R R OR   E]R
Docking System Control Unit

Figure 130-B1. Orbiter Docking System Avionics Starboard Pallet Cable Harness Pigtails.
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Avionics Pallet Port

-. il.o.,..Actuation Mechanism Data Data
Control Control Collection Collection
Unit Unit Unit 1 Unit 2

"" .Ix
oo,,oL., " _ _" ..... tb L, L, ' .o,I,o I-J

Note: Shield Ground Lug

If w........on cables x I - I,

xl-2, x1208, and
xl291.

Control Unit

Figure _$0-B2. Orhiter Docking System Avionics Port Pallet Cable Harness Pigtails.
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CODE !DENT. NO. 0....

XI X2 X3 X4

r,_ r'/ M ('/
Pressurized Mating Adapter 1Docking
Mechanism

X X X _ X X XXXX_XXXI_XXXX

II I I Ill
Note I : Shield ground lug wires not shown

Note 2:XI06 and Xi07 are for RSC-E groundon cables x73, x78, x108, x110,
x109, xl i I test only and will be capped for flight.

Note 3:X76 and X77 will have 90 degree connector
backshells oriented in the direction of PMA I.

Figure 130-E. Pressized Mating Adpater 1 APAS Cable Harness Pigtails.
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[OVERW.AP=200MM.I "1
CONNECTOR _

I.. J _'_ G (GROUND LUG WIRE)

Figure 130-F. Cable Length (Generic)
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X69

510_025

830 +75
-0 61

4°0.?220 -I
×74

L.. 61

230

190

X75

OVERWRAP

Figure 130-G. Cable Length for X69, X74, and X75 "Pigtails"
for Orbiter APDA Cable Harness.
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X69

510:25

+75
4235 -0

X74

L.. =1
230

\

460025

X75

OVERWRAP

Figure 130-H. Cable Length for X69, X74, and X75 "Pigtails"
for ISS PMA2 Cable Harness Pigtails.
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Table 130-,4. Cable Specifications, Orbiter APDA Cable Harness Pigtails

CONN LENGTH TOE OVERWRP TOE SHIELD TOL. GND W TOE BackshellConfig.
X69 See Figure130-G Stra ;]ht
X74 See Figure130-G Straight
X75 See Figure130-G Straight
X55 1828.8 +25.4,-0 200 +25.4 1524 +25.4,-0 300 ±25.4 90° twd Orbiter
X56 1828.8 +25.4,-0 200 +25.4 1524 +25.4,-0 300 +25.4 90° twd Orbiter
X65 1828.8 +25.4,-0 200 +25.4 1524 +25.4,-0 300 ±25.4 90° twd Orbiter
X66 1828.8 +25.4,-0 200 ±25.4 1524 +25.4,-0 300 :!:25.4 90° twd Orbiter

AllOthers 1828.8 +25.4,-0 200 +25.4 1524 +25.4,-0 300 +25.4 Straight
Note: All measurementsinMillimeters(mm).

Table 130-B. Cable Specifications, Orbiter Avionics Pallet Cable Harness Pigtails

fCONNI I JONO--Con°All 2743.2 +25.4,-0 85 :1:5 2438.4 +25.4,-0 300 :1:25.4 Straight
Note: AllmeasurementsinMillimeters(mm).

Table130-C. Cab_Specification_ OrbiterDisp_y & Control Panel Cable Harness Pig_ils

CONN LENGTH TOL. OVERWRP TOL. SHIELD TOE GNDW TOE BackshellCon5g.
X1 730 +50,-0 375 ±25.4
X4 730 +50,-0 375 ±25.4
X2 730 +50,-0 375 ±25.4
X5 750 +50,-0 385 ¢25.4

X12 750 +50,-0 315 ±25.4
X8 710 +50,-0 285 ±25.4

Xll 800 +50,-0 465 ±25.4
X3 730 ±25.4 430 ±25.4
X6 780 +50,-0 425 ±25.4
X10 870 +50,-0 325 t25.4
X7 980 +50,-0 385 ±25.4
X9 790 +50,-0 305 ±25.4

No_: All measurementsinMillimeters(mm).
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Table 130-D. Cable Specifications, ISS PMA 2 & 3 Cable Harness Pigtails

L,UI_II_ LI-NL5IH TOE OVERWRP TOE SHIELD TOL. GND W TOL. Backshell Config.
X55 5855 +25.4 200 �P
•�Œ�5550+25.4 300 :1:25.4 45° twd PMA
X56 58,55 +25.4 200 +25.4 5550 ±25.4 300 ±25.4 45° twd PMA
X65 5855 ±25.4 200 +25.4 5550 ±25.4 300 +25.4 45° twd PMA
X66 5855 +25.4 200 ±25.4 5550 :1:25.4 300 ±25.4 45° twd PMA

X79-2 N/A N/A N/A N/A N/A N/A N/A N/A Capped
X79-3 N/A N/A N/A N/A N/A N/A N/A N/A Capped
X84-2 N/A N/A N/A N/A N/A N/A N/A N/A Capped
X84-3 N/A N/A N/A N/A N/A N/A N/A N/A Capped

All Other 5855 +25.4 200 ±25.4 5550 ±25.4 300 +25.4 StraightExternal

All Internal 4745 ±25.4 200 ±25.4 4440 :1:25.4 300 _ ±25.4 Straight
Note: All measurementsin Millimeters(mm).

Table 130.E. Cable Specifications, ISS PMA 1 Cable Harness Pigtails

bURN LI=NL_IH IOL. OVERWRP TOL. SHIELD TOE GND W TOE BackshellConfig.X69 See Figure130-H
X74 See Figure130-H Straight
X75 See Figure130-H Straight

Straighl
X76 5855 +25.4 200 ±25.4 5550 ±25.4 300 (��¾° twd PMA
X77 5855 ±25.4 200 ±25.4 5550 ±25.4 300 ±25.4 90° twd PMA

X106 N/A N/A N/A N/A N/A N/A N/A N/A Capped
X107 N/A N/A N/A N/A N/A N/A N/A N/A Capped

All Others 5855 ±25.4 200 ±25.4 5550 ±25.4 300 ±25.4 Straight(External)

All Others 4745 ±25.4 200 i25.4 4440 ±25.4 300 ±25.4 Straight(Internal)

Note: All measurements in Millimeters (mm).
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Table 130-F.

Cable Set Contents

Cable Set Individual Cables
SLIYu 374511.010 SLIYu.685611.129

SLIYu.685611.130
SLIYu.685611.131
SLIYu.685611.132
SLIYu.685611.133
SLIYu,685611.134
SLIYu.685611.135
SLIYu.685611.136
SLIYu.685611.137
SLIYu.685612.010
SLIYu.685612.011
SLIYu.685612.012
SLIYu.685611.201

SLIYu 374511.011 SLIYu.685611.150
SLIYu.685611.151

SLIYu374511.018 SLIYu.685611.216
SLIYu.685611.217
SLIYu,685611.218
SLIYu.685611.219
SLIYu,685611.220
SLIYu.685611.221
SLIYu.685611.222
SLIYu.685611.223
SLIYu.685611.224
SLIYu.685611.225
SLIYu.685611.226
SLIYu.685611,227
SLIYu.685611.228
SLIYu.685611.229
SLIYu,685611.230
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Table 130.F.

Cable Set Contents

Cable Set Individual Cables
SLIYu 374511.018 (cont.) SLIYu.685611.231

SLIYu.685611.232
SLIYu.685611.233
SLIYu.685611.234
SLIYu.685611.235
SLIYu.685611.236
SLIYu.685611.237
SLIYu.685611.238
SLIYu.68561t .239
SLIYu.685611.240
SLIYu,685611.241
SLIYu.685611.242
SLIYu.685611.243
SLIYu.685611.244
SLIYu.685611,245
SLIYu.685611.246
SLIYu.685611.247
SLIYu.685611,248
SLIYu.685611.249
SLIYu.685611.250
SLIYu.685611.251
SLIYu.685611.252
SLIYu.685611.253
SLIYu.685611.254
SLIYu.685611.255
SLIYu,685611.256
SLIYu.685611.257
SLIYu.685611258
SLIYu.685611,259
SLIYu.685611.260
SLIYu.685611.261
SLIYu.685611.262
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Table 130-F.

Cable Set Contents

Cable Set Individual Cables
SLIYu 374511.018 (cont.) SLIYu,685611.263

SLIYu.685611.264
SLIYu.685611.265
SLIYu.685611.266
SLIYu.685611,267
SLIYu.685611.268
SLIYu.685615.005
SLIYu.685615.006
SLIYu.685615.015
SLIYu.685615.016

SLIYu 374511.019 SLIYu.685611.269
SLIYu.685611.270
SLIYu.685611.271
SLIYu.685611.272
SLIYu.685611.273
SLIYu.685611.274
SLIYu.685611.275
SLIYu.685611.276
SLIYu,685611.277
SLIYu.685611.278
SLIYu.685611.279
SLIYu.685611.280
SLIYu.685611.281
SLIYu.685611.282
SLIYu.685611.283
SLIYu.685611.284
SLIYu.685611.285
SLIYu,685611.286
SLIYu.685611.287
SLIYu.685611.288
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Table 130-1=.

Cable Set Contents

Cable Set Individual Cables
SLIYu 374511.019 (cont.) SLIYu.685611.289

SLIYu.685611.290
SLIYu.685611.291
SLIYu.685611.292
SLIYu.685611.293
SLIYu.685611.294
SLIYu.685611.295
SLIYu,685611.296
SLIYu,685611.297
SLIYu.685611.298
SMYu.685611.299
SLIYu.685611.300
SLIYu.685611.301
SLIYu.685611.302
SLIYu.685611.303
SLIYu.685611.304
SLIYu.685611.305
SLIYu.685611.306
SLIYu.685611.307
SLIYu.685611.308
SLIYu.685611.309
SLIYu.685611.310
SLIYu.685611.311
SLIYu.685611.312
SLIYu,685611.313
SLIYu.685611.314
SLIYu,685611.315
SLIYu.685611.316
SLIYu.685611.317
SLIYu.685611.318
SLIYu.685611.319
SLIYu.685611,320

I
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Table 130-F.

Cable Set Contents

Cable Set Individual Cables
SLIYu 374511.019 (cont.) SLIYu,685611.321

SLIYu.685613.008
SLIYu.685613.009
SLIYu.685613.011
SLIYu.685613.012
SLIYu.685613.013
SLIYu.685613.014

SLIYu 374511.020 SLIYu.685611.334
SLIYu,685611.335
SLIYu.685611.338
SLIYu,685611.339
SLIYu.685611.340
SLIYu.685611.341
SLIYu.685611.342
SLIYu,685611.343
SLIYu.685611.344
SLIYu.685611.345
SLIYu.685611.346
SLIYu.685611.347
SLIYu.685611.348
SLIYu.685611.349
SLIYu.685611.350

SLIYu 374511.021 SLIYu.685611.351
SLIYu.685611.352
SLIYu.685611.353
SLIYu.685611.354
SLIYu.685611.355
SLIYu,685611.355
SLIYu.685611.356
SLIYu.685611.357
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Table 130oF.

Cable Set Contents

Cable Set Individual Cables
SLIYu 374511.021 (cont.) SLIYu.685611.358

SLIYu.685611.359
SLIYu.685611.360
SLIYu.685611.361
SLIYu.685611.362
SLIYu.685611.363
SLIYu.685611.364
SLIYu.685611.366
SLIYu.685611.367
SLIYu.685611.368
SLIYu.685611.371
SLIYu.685611.372
SLIYu.685615.007
SLIYu.685615.008

S_LIYu.685615.009
I SLIYu.685615.010
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Table 130-Ho Circuit Types

Fi_iJency ofRise SourceImpedance LoadImpedance Voltageor Sensitivity CircuitClassification Wire Type Required ShieldGrouping
and/orFall Time (ohms) (ohms) Required

100-600K >100my to <6v ML TWS SPG'*
<100 0-200 >6v to ._,40v HO TW NONE

Analog, 0-200 >40v EO TW NONE
Altematthgor Direct <2.5K 100-600K <100mv ML TWS SPG

Current >600K TWDS SPG
:>200 >100my to <6v ML TWS SPG

<100 >200 >6v to <40v HO TW NONE
:>200 >40v EO TW NONE

:>1000 <6v ML TVVS SPG*
<100 0-200 >6v to <40v HO TW NONE

<50 KHz 0-200 >40v EO _ NONE

or <2.5K 100-600K <100mv ML "_S SPG
Riseand Fall >600K TWDS SPG

Time >10 >200 >t00mv to <6v ML TWS SPG
Microseconds >200 >200 >6v to .¢40v HO I"W NONE

>200 >40v EO TW NONE
<50 KHz or Riseand ALL <100mv RF TWDS° MPG

Fall ALL <100my to <0v RF TWS* MPG
Time <10 ALL <1000 >6v RF TWS* MPG

Microseconds >1000 TWDS MPG
ALL ALL ALL RF MPG

"IV Video RF MPGxxx
Note: Thistable doesnot C,e:.,;,;bethosewire types whichare pe.uitted to use structurefor the drcultreturnwith the exceptionof the droull types listedbelow:

Pdman/DC Power. A returnshallaccompanyeach 28v Inputwire to IndividualLRU loadsIn thedlstdbutionof power fromthe vadouspowercontrolassemblies
or panels. Use of vehiclestructureas a returnpathshallbe prohibitedIn thecrew module;aft avionicsbays, and detachablemodules.

Dlscretes.28v Slnole-EndCd Hi-leveldlscretescircuitsoperatingremote powercontrollers,remotecontrolleddrcult breakersand loadcontrolddversmayutilize
the 28v powerreturnsinlleu of a wirereturnpath. A returnwirepath shallbe requiredfor fllght-cdticalconfrol functionsand In sensitivelaod areas, ie, valves,relays,andetc.

* If the capadtance perfoot Is critical, controlledimpedancewldngshouldbe used

"* If drcultIs balancedby transformer,differential,oropticalisolation,the shieldshall be multipolntgroundedto structure.
xxx Distancebetweenshieldgroundsshallnot exceed 18 meters.
SymbolsUsed

Khz - Kilohertz TWDS - Twisteddoubleshielded < - less than
rnv - Mtitivolts RF - Radio frequency < - Lessthanor equal to
SPG - Singlepointground TWS - Twistedshielded > - Greater than
MPG - Multiplepointground AF - Audiofrequency > - Greaterthan or equal to
"RN - Twisted
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Table 130.1. Edge-to-Edge Bundle-Separation Requirements

Routed Separation
Bundle Parallel (in inchesfor parallelrunsof D (feet))

to I'>D 1'_<D<3' 3'_<D<5' D_>5'
Bundle

HO 0 1.0 20.0 4.0
ML EO 0 1.5 3.0 6.0

RF 0 2.5 5.0 10.0
HO EO 0 0.5 1.0 2.0

RF 0 1.5 2.0 4.0
EO RF 0 1.0 2.0 4.0

I
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Appendix XlV

140. Androgynous Peripheral Docking System (APDS) Switching
System

140.1 SCOPE

Thisappendixdefines the requirementsfor performance,configuration,designdevelopment,
andverificationof the APDS SwitchingSystem, referredto hereinas the SwitchingSystem
(SS). This systemisto be usedin conjunctionwiththe ISS Node 1, whichwillbe a Orbiter
payloadand willbe connected to the ISS usingthe OrbiterAPDS.

140.2 APPLICABLE DOCUMENTS

N/A

140.3 REQUIREMENTS

The requirementsof Section3 of the basicspecificationapply,exceptas follows:

140.3.1 ItemDefinition

The APDS Switching System consists of theConnectorSwitchBox(CSB), and uniqueAvionics
cables. This hardwarealong withotherhardwarebuiltanddeliveredinaccordancewiththis
specificationwillprovidethe capabilityto controla second active APDA (except for pyro bolts)
whichis electricallyconnectedto the interfacingconnectors.The APDA controlledthroughthe
standardconnectorsshall be referredto as theOrbiter acticeAPDA (-6001). The active APDA
controlledthroughthe interfaceconnectorsshallbe referred to as the ISS activeAPDA (-7001).
The passiveAPDA which matesto the -6001 andprovideselectricalconnectionto -7001 shall
be referredto as ISS passiveAPDA (-8001).

140.3.1.1 Item Diagram

A simplifieddiagramof the switchingsystemindicatingthe functionaldistributionis shownin
Figure140-A. Inthe diagram,the SS functionsare showndistributedamongthe -6001 CSB,
and OrbiterD&C panel.

140.3.1.2 Interface Definition

The switchingsystemshall be designedto meet the interfacerequirementsshownin
Figure110-A.

140.3.1.2.1 ElectricalPowerCharacteristics

Paragraphs3.1.2.1 through3.1.2.1.8.8 of the basicspecificationapply.

140.3.1.2.1.2 Cold Mating,Demating,and Switching

i

I
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Powerwillbe removed fromthe interfacecablesa) beforeconnectorsare mated anddemated
duringdockingand undocking,and b) before the switchingmechanismis actuated.

140.3.1.2.2 Mechanical Interface.

140.3.1.2.2.1 CSB Mechanicalinterface

Provisionsfor mountingthe CSB shallbe as shownin Figures140-0, 140-D, and 140-E.

140.3.1.2.3 ConnectorLocationand Pin FunctionAssignments.

140.3.1.2.3.1 CSB ConnectorLocationand Pin FunctionAssignments

The CSB shallhave connectorslocatedas shownin Figure140-D. The CSB pin-function
assignmentsare specifiedinTables 140-C, and 140-D.

140.3.1.2.4 Signal InterfaceDefinition.Paragraph3.1.2.6 of the basicspecificationapply.

140.3.1.2.4.1.3 CSB Signals.

140.3.1.2.4.1.3.1 CSB DiscreteSignals

TBD

140.3.1.2.4.1.3.2 CSB Power Signals

TBD

140.3.1.2.5 Cooling

The CSB shall be passivelycooled.

140.3.1.3 Item Identification

The SwitchingSystemequipmentshall be identifiedas follows:

Buyer Seller

Control Part Traceability Maintenance
Number J_ _

CSB -0011 SLIYu.642522.001 Ts LRU

140.3.1.3.1 Cable Set Identification

All cablesshallbe permanentlymarkedwiththe Seller'spart numberandserial number. Each
connectorreferencedesignatorshallbe permanentlymarkedon the cable in a locationcloseto
the respectiveconnector. In addition,the cablesshall havethe connectorand pinnumber
whereeach wire isterminated permanentlymarkedon each individualpigtailwire. Buyerpart
numbermarkingon cables is not required. CSB cable setsare includedinthe Orbitercable
sets identifiedinAppendixXlll.

I
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140.3.2 Characteristics.

140.3.2.1 PerformanceCharacteristics

The SwitchingSystemshallprovidethemeansto controlthe -7001 when the -6001 is
electricallyconnectedto X3 and X4 of -8001.

140.3.2.1.1 Life.

140.3.2.1.1.1 CSB Life.

140.3.2.1.1.1.1 OperatingLife

The CSB shall be capableof performingall operationsspecifiedhereinfora minimumof 30
switchingcyclesinspace withoutmaintenance. A switchingcycle isdefinedas a complete
switchingfrom the Orbiterpositionto the ISS positionandthen from the ISS positionto the
Orbiter position.

140.3.2.1.1.1.2 ServiceLife. The CSB shall have a functionaldesignlife, as follows:

Vacuumcycles: 100
Total cycles: 100

The average orbitalmissionwillbe 7 days;the design,however,shallnotprecludean orbital
staytime up to 30 days.

140.3.2.1.1.2 Cable Life Requirements.

CSB cable life shall be in accordancewiththe requirementsof AppendixXIII.

140.3.2.1.2 CSB Performance Requirements.

140.3.2.1.2.1 Mode Switch

The CSB shallrespondto 28-volt powersignalsfrom a Displaysand ControlsPanelto transfer
dockingcontrolsbetween the Orbiterandthe -7001.

140.3.2.1.2.2 Manual Switching

Manual EVA switchingshallbe providedby use of a leverwitha maximumactuationforce of
17.6 Ibs(8 kgf). The accessibleend of theswitching-mechanismshaft shallbe configuredtomatewith a standardtool.

140.3.2.1.2.3 PositionMonitorMeasurements

The CSB shall provideoutput-signalvoltagemeasurementsto indicatethe switchpositions
(Orbiteror ISS) and Motor-Currentstatus.Measurementsshallbe providedfor the Orbiter/ISS
position-statusindicationsthrough=drycontacts." No singlemeasurementfailureshallpreclude
the abilityto providestatusof Orbiter and ISS positions.
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140.3.2.1.2.4 Motor Drive

The CSB shallbe capableof switchingto either positionusinga singlemotor. A redundant
motor shallbe provided for backup. The power interface to each motor shall be one-fault-
tolerant. Dual motoroperationis notallowed.

140.3.2.1.2.5 Voltage Drop

The voltageof any individual28-voltoutputsignalshallbe no lessthan 0.5 voltslower thanthe
inputvoltagebeingswitchedbetweenOrbiterand ISS positions.The voltageof any individual
5-volt outputsignalshallbe no less than 0.1 voltslowerthan the inputvoltagebeingswitchedbetween Orbiter and ISS positions.

140.3.2.1.2.6 Heaters

The CSB shallbe designednotto requireheaters.

140.3.2.1.2.7 RedundantElectricalCircuits. Wiringof redundantsystems,subsystems,or
majorelementsof subsystemsshallnot be routedin thesame bundleor throughthe same
connectoralongwithwiringof any othersimilarsystemelementsuchthat a singleconnector
demate willcause lossof crew. Where suchroutingis notfeasible, the routingshallbe
identifiedby colorcodingand drawings,withthe reasonfor deviation.

140.3.2.1.3 Cable Performance

The interconnectingcablesshallprovidethemeans to distributepower,commands, telemetry,
and data between the activeAPDA, CSB, and OrbiterAvionicspallet.

140.3.2.2 PhysicalCharacteristics.

140.3.2.2.1 Envelope.

140.3.2.2.1.1.1 CSB Envelope

The envelope of the CSB shall not exceedthe dimensionsshownin Figures140-C and 140-D.

140.3.2.2.1.1.2 Cable Envelopes

The envelope of the each individualcableof the MC621-0087-0507 cable setshall meet the
dimensionsshownin Figure140-F.

140.3.2.2.2 Weight.

140.3.2.2.2.1 CSB Weight

The weightof the CSB shallnotexceed 66.1 pounds(30 kg).

140.3.2.2.2.2 Cable Weights

The sumtotal of all MC621-0087-0507 cableweightsshallnotexceed 50 pounds(22.7 kg).

I
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140.3.2.3 Reliability

The requirementsof 3.2.3.1 through3.2.3.2 of the basicspecificationapply.

140.3.2.4 Maintainability

TBD

140.3.2.5 Environments.

140.3.2.5.1 Operating

The CSB and cables shall meet the requirementsof 3.2.5.1.3 of the basic specification.

140.3.2.5.2 Non operating

The CSB and cables shall meet the requirements of 3.2.5.2.3 of the basic specification.

140.3.2.6 Transportability. The requirements of 3.2.6 of the basic specification apply.

140.3.3 Design and Construction. The requirements of 3.3 of the basic specification applyexcept where superseded herein.

140.3.3.1 Materials, Processes, and Parts.

140.3.3.1.1 Materials and Processes

The requirements of 3.3.1.1 of the basic specification apply.

140.3.3.2 Electromagnetic Compatibility and Electrical Design.

140.3.3.2.1 Electromagnetic Compatibility

The requirements of 3.3.3.1 through 3.3.3.1.1.9 of the basic specification apply.

140.3.3.2.2 Electrical Design Requirements.

140.3.3.2.2.1.1 CSB Power Consumption. The CSB shall consume no more than 30 watts.

140.4 QUALITY ASSURANCE PROVISIONS

140.4.1 General Requirements

The requirements of 4.1 through 4.2.5 of the basic specification apply.

140.4.2 Quality Conformance.'

140.4.2.1 Development

The requirements of 4.2.1 of the basic specification apply.
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140.4.2.2 Acceptance

Acceptancetestsand inspectionsshallbe performedon the CSB, to be employedon the units
deliveredto the Buyer. The minimumnumberof testsand inspections,and the sequence
thereof,shallbe as showninTable 140-A. The Seller shallperformany other test deemed
necessary,subjectto approvalof the Buyer.

140.4.2.2.1 Examinationof Product

The requirementsof 4.2.2.1 of the basicspecificationapply.

140.4.2.2.2 Functionaland Performance Tests

The requirementsof 4.2.2.2 of the basicspecificationapply.

140.4.2.2.2.1 InsulationResistanceTest

The requirementsof 4.2.2.2.1 of the basicspecificationapply.

140.4.2.2.2.2 DielectricStrengthTest

The requirementsof 4.2.2.2.2 of the basicspecificationapply.

Table 140-,4. CSB Acceptance Requirements

ParagraphListedin
Inspection& Test Recommended

Sequence
Examinationof Product 140.4.2.2.1
Functional& Performance Test 140.4.2.2.2
InsulationResistanceTest 140.4.2.2.2.1
DielectricStrengthTest 140.4.2.2.2.2
Acceptance VibrationTest 140.4.2.2.3
AcceptanceThermal Test 140.4.2.2.4
Functional& Performance Recheck 140.4.2.2.1

140.4.2.2.3 AcceptanceVibrationTest (AVT)

The requirementsof 4.2.2.3 of thebasicspecificationapply.

140.4.2.2.4 AcceptanceThermal Test (ATr)

The requirementsin4.2.2.4 of the basicspecificationapply,exceptthat the CSB shallbe
exposedto the maximumand minimumoperatingtemperaturesfor a durationof not less than 3
hours. Rate of changeshallnotexceed 240°F (133.3oc) per hour,norbe lessthan 60°F
(33.3°C) per hour. The thermal exposuremay be performedbycyclingfrom one extremeto the
other,or by separate testswitha performancetestbetweenexposures.

I
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140.4.2.3 Assessment

The requirementsof 4.2.3 of the basicspecificationapply.

140.4.2.3.1 Reliability

The requirementsof 4.2.3.1 of the basicspecificationapply.

140.4.2.3.2 Materialsand Processes

The requirementsof 4.2.3.2 of the basicspecificationapply.

140.4.2.3.3 Parts Standardization

The requirementsof 4.2.3.3 of the basic specificationapply.

140.4.2.3.4 Electrical Design Requirements

The requirements of 4.2.3.4 of the basic specification apply.

140.4.2.3.5 Interchangeability

The requ=rementsof 4.2.3.5 of the basic specification apply.

140.4.2.3.6 Human Performance�Human Engineedng

The requirements of 4.2.3.6 of the bas=cspecification apply.

140.4.2.3.7 Safety

The requirements of 4.2.3.7 of the basic specification apply.

140.4.2.3.8 Identification and Marking

The requirements of 4.2.3.8 of the baszcspecification apply.

140.4.2.4 Certification

The requirements of 4.2.4 of the basic specification apply.

140.4.2.4.1 Qualification Tests

Qualification testing performed to satisfy the requirements in the performance and design
verification matrix of Section 4, Table V of the basic specification shall be in conformance with
the requirements of this paragraph. Qualification test specimens shall be subjected to the tests
specified in Table 140-B.
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Table 140-B. CSB Qualification Requirements

InspectionandTest Paragraph
AcceptanceTest 140.4.2.2
PerformanceTest 140.4.2.4.1.2
TransportationTest 140.4.2.4.1.11
PowerTest 140.4.2.4.1.7
Vibration 140.4.2.4.1.4
Shock 140.4.2.4.1.6
Acceleration 140.4.2.4.1.5
Thermal VacuumTest 140.4.2.4.1.10
QualificationHumidityTest 140,4.2.4.1.3
*EMC Test 140.4.2.4.1.9

FinalPerformanceTest 140.4.2.4.1.2

*Test and analysiswillbe conductedand documentedby Buyer.

140.4.2.4.1.1 Test Hardware

Qualificationtesthardwareshallbe of the same configurationas flighthardware.

140.4.2.4.1.2 Performance Requirements

The requirements of 4.2.4.1.2 of the basic specification apply.

140.4.2.4.1.3 Qualification Humidity Test

The requirements of 4.2.4.1.3 of the basicspecification apply.

140.4.2.4.1.4 Vibration.

140.4.2.4.1.4.1 Qualification-Acceptance Vibration Test (QAVT)

The requirements of 4.2.4.1.4.1 of the basic specification apply.

140.4.2.4.1.5 Acceleration

The requirements of 4.2.4.1.5 of the basic specification apply.

140.4.2.4.1.6 Shock

The requirements of 4.2.4.1.6 of the basic specification apply.

140.4.2.4.1.7 Power Test

The requirements of 4.2.4.1.7 of the basic specification apply. Power tests may be part of the
Functional/Performancetests.

FORM M 131-H-2REV 9-87 7-17-98



CODE IDENT. NO. 03953
NUMBER

JSC 26938 PAGE

140.4.2.4.1.8 Lightning

The requirementsof 4.2.4.2.12 of thebasicspecificationapply.

140.4.2.4.1.9 ElectromagneticCompatibilityTests

The requirementsof 4.2.4.1.9 of the basicspecificationapply.

140.4.2.4.1.10 ThermalVacuum Test

The requirementsof 4.2.4.1.10 of the basicspecificationapply.

140.4.2.4.1.11 TransportationTest

The requirementsof 4.2.4.1.11 of the basicspecificationapply.

140.4.2.4.2 CertificationBy Analysis

The requirementsof 4.2.4.2 of the basicspecificationapply.

140.4.2.4.2.1 Storage/OperatingLife

The requirementsof 4.2.4.2.1 of the basicspecificationapply.

- 140.4.2.4.2.2 Physical Characteristics

The requirements of 4.2.4.2.2 of the basic specification apply.

140.4.2.4.2.3 Reliability

The requirements of 4.2.4.2.3 of the basic specification apply.

140.4.2.4.2.4 Salt Fog

The requirements of 4.2.4.2.4 of the basic specification apply.

140.4.2.4.2.5 Ozone

The requirements of 4.2.4.2.5 of the basic specification apply.

140.4.2.4.2.6 Fungus

The requirements of 4.2.4.2.6 of the basic specification apply.

140.4.2.4.2.7 Materials and Processes

The requirements of 4.2.4.2.7 of the basic specification apply.

140.4.2.4.2.8 Electromagnetic Compatibility

The requirements of 4.2.4.2.8 of the basic specification apply.

i
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140.4.2.4.2.9 ElectricalDesignRequirements

The requirementsof 4.2.4.2.9 of the basicspecificationapply.

140.4.2.4.2.10 Safety

The requirementsof 4.2.4.2.10 of the basicspecificationapply.

140.4.2.4.2.11 Sand and Dust

The requirementsof 4.2.4.2.11 of the basicspecificationapply.

140.4.2.4.2.12 CertificationBy Other Test Data

The requirementsof 4.2.4.2.12 of the basicspecificationapply.

140.4.2.5 Verification Requirements Matrices

The requirementsof 4.2.5 of the basicspecificationapply.

140.5 PREPARATION FOR DELIVERY

140.5.1 General Requirements

The requirementsof 5.1 through5.2.7 of the basicspecificationapply.
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Figure 140-,4. Switching System Functional Diagram

Figure 140-B. Deleted
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Figure 140.C. Connector Switching Box Mounting and Envelope Configuration
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Figure 140-D. CSB Connector Locations
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ViewA

ViewB
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SeeSheet2 of2

ViewC

Note: All measurementsare in incheswithmillimetersin parenthesis.

Figure 140.E, Sheet I of 2. Connector Switching Box Mounting
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Table 140-C. Connector Switch Box Switched Docking Functions
Switch Box' Russ ' Switch Box' Russ Russ Switch Box Russ Russian Russ

to Wire to ODM Wire ODM Wire to Node 1 Wire Mech Disc, Wire

Pallet Size (-3002) Size (-3002) Size (ISS) Size Panel X3 X4 Size

Conn Pin (mm2) Shd Conn Pin (mmz) Conn Pin (mmz) Shd _ (mm2) Conn !Pin Pin Pin |mm:_ Shd Functions
X304 5 0.35 Xl14 5 0.35 X68 3 0.35 X214 _ 5 0.35 X92 20 112 0.35 DOCK MECH HEATER (H1-1 +1

X304 23 0.35 Xl14 23 0.35 X68 48 0.35 X214 23 0.35 X92 21 104 0.35 DOCK MECH HEATER (H1-1 -I

X303 5 0.35 Xl13 5 0.35 X68 1 0.35 X213 5 0.35 X96 20 89 0.35 -- DOCK MECH HEATER (HI-2 +1

X303 23 0.35 Xl13 23 0.35 X68 50 0.35 X213 23 0.35 X96 21 85 0.35 DOCK MECH HEATER (H1-:7-1

X304 6 0.35 Xl14 6 0.35 X68 9 0.35 X214 6 0.35 X92 22 116 0.35 D'OCKMECH HEATER (HI-3_/- ......

X304 24 0.35 Xl14 24 0.35 X68 '41 0.35 X214 24 0.35 X92 23 110 0.35 "DOCK MECH HEATER (H1-3 -) .......

X303 6 0,35 Xl13 6 0.35 X68 7 0.35 X213 6 0.35 X96 22 92 0,35 DOCK MECH HEATER |H2-1 +}-.......

X303 24 0.35 Xl13 24 0.35 X68 44 0,35 X213 24 0.35 X96 23 88 0.35 DOCK MECH HEATER (H2-1 -J.......

X304 !11 0.35 ×114 1 0.35 X68 5 0.35 X214 11 0.35 X92 26 113 0.35 DOCKMECHHEATER(H2-2+_ ......

X304 25 0.35 Xl14 25 0,35 X68 46 0.35 X214 25_ 0.35 X92 27 105 0.35 DOCK MECH HEATER (H2-2 -i

X304 12 0.35 Xl14 12 0.35 X68 17 0.35 X214 12 0.35 X92 28 114 0.35 DOCK MECH HEATER (H2-3 +1

X304 32 0.35 !Xl14 32 0.35 X68 34 0.35 X214 32 0.35 X92 29 106 0.35 DOCK MECH HEATER(H2-3-1

X304 13 0.35 Xl14 13 0.35 X68 13 0.35 X214 13 0.35 X92 30 117 0.35 DOCKMECHHEATER(H3-1 +)

X304 33 0.35 Xl14 33 0.35 X68 38 0.35 X214 33 0.35 X92 31 111 0.35 DOCK MECH HEATER (H3-1 -)---

X303 11 0.35 X113 11 0.35 X68 11 0.35 X213 11 0.35 X96 26 91 0.35 DOCK MECH HEATER(H3-2 +1 "---

X303 25 0.35 Xl13 25 0.35 X68 40 0.35 X213 25 0.35 X96 27 87 0.35 DOCK MECH HEATER |H3-2 -)

X303 12 0.35 Xl13 12 0.35 X68 24 0.35 X213 12 0.35 X96 28 90 0.35 DOCK MECH HEATER (H3-3 +) ....

X303 32 0.35 Xl13 32 0.35 X68 26 0.35 X213 32 0.35 X96 29 86 0.35 DOCK MECH HEATER 1H3-3 -)

X306 34 0.35 Xl16 34 0,35 X74 16 0.2 X216 34 0.35 X92 13 57 0.35 RINGALIGNED

X305 34 0.35 Xl15 34 0.35 X74 24 0,2 X215 34 0.35 X96 13 40 0.35 flING ALIGNED

X306 35 0.35 Xl16 35 0.35 X74 25 0.2 X216 35 0.35 X92 14 58 0.35 'NITIALCONTACT ...........

X305 35 0.35 _Xl15 35 0.35 X74 12 0.2 X215 35 0.35 X96 14 41 0.35 _TiAI__TACT .......................

X306 36 0,35 Xl16 36 0.35 X74 32 0.35 X216 36 0.35 X92 18 56 0.35 CAPTURE|SHORTI

X305 36 0.35 X115 36 0.35 X74 47 0.35 X215 36 0.35 X96 18 39 0.35 C,_P-_U-REiSFI-6RTi.................

X306 37 0.35 Xl16 37 0.35 X74 36 0.2 x2i6 37 0.35 X92 19 55 0.35 CAPTUREILONG)

X305 37 0.35 Xl15 37 0.35 X74 13 0.2 X215 37 0.35 X96 19 38 0.35 I _-PTi.JR[Ii_ONGj ...................

I
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Table 140-C. Connector Switch Box Switched Docking Functions (continued)
Switch Box' Russ " Switch Box' Russ Russ Switch Box Russ Russian Russ

to Wir_ to ODI_ Wire ODM Wire to Node 1 Wire Mech Disc Win

Pallet Size (-3002) Size (-3002) Size (ISS) Size Panel X3 X4 Size

Corm Pin (mm2) Shd Conn Pin (ram2) Conn Pin (ram2) Shd Conn Pin (ram2) Conn Pin Pin Pin (mm_) Shd Functions
X306 26 0.35 Xl16 26 0.35 X75 10 0.35 X216 26 0.35 X92 1 23 0,35 PWRSUPTORINGMTR(M41

X306 27 0.35 Xl16 27 0.35 X75 4 0.35 )216 27 0,35 X92 2 24 0.35 PWR SUP TO RING MTR (M4)

X306 29 0.35 Xl16 29 0.35 X75 41 0.35 X216 29 0.35 X92 47 5 0.35 PWR SUP TO RING MTR (M4)

X306 30 0.35 Xl16 30 0.35 X75 50 0.35 X216 30 0,35 X92 48 11 0.35 PWRSUPTORINGMTR(M4)

X305 27 0.35 Xl15 27 0,35 X75 7 0.35 X215 27 0.35 X96 2 24 0.35 PWRSUPTORINGMTR(M5I

X305 26 0.35 Xl15 26 0.35 X75 8 0.35 X215 26 0.35 X96 1 23 0,35 PWR SUP TO RING MTR (M5)

X305 30 0.35 Xl15 30 0.35 X75 47 0.35 X215 30 0.35 X96 48 7 0.35 PWR SUP TO RING MTR (M5)

X305 29 0.35 Kl15 29 0.35 X75 48 0.35 X215 29 0.35 X96 47 6 0.35 PWR SUP TO RING MTR (M5)

X306 38 0,35 Xl16 38 0.35 X75 35 0.2 X216 38 0.35 X92 241 61 0.35 RING FINAL POSITION

X305 38 0.35 Xl15 38 0.35 X75 43 0.35 X215 38 0.35 X96 24 44 0.35 RING FINAL POSITION

X305 10 0.35 Xl15 10 0.35 X75 22:0.35 X215 10 0.35 X96 146 61 0.35 CONTROLSENSOR RETURN

X306 10 0,35 Xl16 10 0.35 X75 24 0.2 X216 10 0.35 X92 45 77 0,35 CONTROL SENSOR RETURN

X306 17 0.35 Xl16 17 0.35 X75 25 0.2 X216 17 0.35 X92 46 78 0.35 CONTROL SENSOR RETURN

X306 39 0.35 Xl16 39 0.35 X69 34 0.35 X216 39 0.35 X92 3 59 0.35 RING INITIAL POSITION

×305 39 0.35 Xl15 39 0.35 X69 26 0.35 X215 39 0.35 X96 3 42 0.35 RING INITIAL POSITION

X306 40 0.35 Xl16 40 0.35 X69 27 0.35 X216 40 0.35 X92 4 60 0,35 RINGFORWARD POSITION

X305 40 0.35 Xl15 40 0.35 X69 28 0.35 X215 40 0.35 X96 4 43 0.35 RINGFORWARD POSITION

X306 1 0.35 Xl16 1 0.35 X69 12 0.35 X216 1 0.35 X92 11 53 0.35 CAPTURELATCHES OPEN IND

X305 1 0.35 Xl15 1 0.35 X69 11 0.35 X215 1 0.35 X96 1 36 0.35 CAPTURE LATCHES OPEN IND

X306 2 0.35 Xl16 2 0,35 X69 4 0.35 X216 2 0.35 X92 12 54 0.35 CAPTURE LATCHES CLOS IND

X305 2 0.35 Xl15 2 0.35 ×69 8 0.35 X215 2 0.35 X96 12 37 0,35 CAPTURE LATCHES CLOS IND

X305 9 0.35 X115 9 0.35 X69 35 0.2 CAPTURE LATCHES IND RTN

X306 9 0.35 Xl16 9 0.35 X69 36 0.2 CAPTURE LATCHES IND RTN

)(305 18 0,35 Xl15 18 0.35 X72 36 0.35 X215 18 0.35 X96 5 2 0.35 P.S. TOCAPLATMTR(M1) +

X306 18 0.35 Xl16 18 0.35 X72 35 0,35 X216 18 0,35 X92 5 1 0.35 P.S. TOCAPLATMTR(M1) +

X305 22 0,35 Xl15 22 0.35 X72 2 0.2 X215 22 0.35 X96 41 20 0,35 P.S. TOCAPLATMTR(M1).

X306 22 0.35 ×116 22 0.35 X72 4 0.2 X216 22 0.35 XS2 41 17 0.35 P.S, TOCAPLATMTR(M1}

X306 3 0.35 Xl16 3 0,35 X72 11 0.35 X216 3 r).35 IX92 8 48 0.35 CAPTURELATCH NO. 1CLOS I I
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Table 140-C. Connector Switch Box Switched Docking Functions (continued)
Switch BoxJ Russ Switch Box Russ Russ Switch Box Russ Russian Russ

to Wire to ODM Wire ODM Wire to Node 1 Wire Mech Disc Wire

Pallet Size (-3002} Size (°3002) Size (ISS) Size Panel X3 X4 Size

Conn Pin (mm2) Shd Conn Pin (mm2) Conn Pin (mm2 Shd Conn Pin (ram2) Conn Pin Pin Pin (mm_) Shd Functions
X305 3 0.35 Xl15 3 0.35 X72 25 0.35 X215 3 0.35 X96 8 31 0.35 CAPTURELATCH NO. 1 CLOS

X306 4 0.35 Xl16 4 0.35 X72 32 0.35 X216 4 0.35 X92 15 47 0.35 CAPTURELATCH NO. t OPEN

X305 4 0.35 Xl15 4 0.35 X72 27 0.35 X215 4 0.35 X96 15 30 0,35 CAPTURELATCH NO. 1 OPEN

X306 19 0.35 Xl16 19 0.35 X72 43 0.35 X216 19 0.35 X92 6 2 0,35 _.S. TO CAP LAT MTR (M2)X305 19 0.35 Xl15 19 0.35 X72 42 0.35 X215 19 0.35 ×96 6 3 0.35 P.S, TOCAPLATMTR(M2) +

X305 23 0.35 Xl15 23 0.35 X72 5 0.2 X215 23 0.35 X96 42i 21 0.35 P.S. TO CAP LAT MTR (M2) -

X306 23 0.35 Xl16 23 i 0.35 X72 I 0.2 X216 23 0,35 X92 42 20 0.35 P.S. TO CAP LAT MTR (M2) -

X306 5 0.35 Xl16 5 0,35 X72 24 0.35 K216 5 0.35 X92 9 50 0.35 CAPTURE LATCH NO. 2 CLOS

X305 5 0.35 Xl15 5 0.35 X72 19 0.35 K215 5 0.35 X96 9 33 0.35 CAPTURE LATCH NO, 2 CLOS

X306 6 0.35 Xl16 6 0.35 X72 26 0.35 X216 6 0.35 X92 16 49 0.35 CAPTURE LATCH NO, 2 OPEN

X305 6 0.35 Xl15 6 0.35 X72 40 0,35 X215 6 0.35 X96 16 32 0.35 CAPTURE LATCH NO. 2 OPEN

X306 20 0.35 Xl16 20 0.35 X72 48 0.35 X216 20 0.35 X92 7 3 0.35 P.S. TOCAPLATMTR(M31 +

X305 20 0.35 Xl15 20 0.35 X72 47 0.35 X215 20 0.35 X96 7 4 0.35 P.S. TO CAP LAT MTR (M3) +

X305 24 0.35 Xl15 24 0.35 X72 9 0.2 X215 24 0.35 X96 43 22 0.35 P,S. TO CAP LAT MTR (M3) -

X306 24 0.35 Xl16 24 0.35 X72 10 0.2 X216 24 0.35 X92 43 21 0.35 P.S. TO CAP LAT MTR (M3) -

X306 7 0.35 Xl16 7 0.35 ;X72 18 0,35 X216 7 0,35 X92 10 52 0.35 CAPTURELATCH NO. 3CLOS

X305 7 0,35 Xl15 7 0.35 X72 33 0.35 X215 7 0.35 X96 10 35 0,35 3APTURE LATCH NO. 3 CLOS

X306 8 0.35 Xl16 8 0.35 X72 39 0.35 X216 8 0.35 X92 7 51 0.35 3APTURE LATCH NO. 3 OPEN

X305 8 0.35 Xl15 8 0.35 X72 34 0.35 X215 8 0.35 X96 17! 34 0.35 CAPTURE LATCH NO. 3 OPEN

X302 11 ; 0.35 Xl12 11 0.35 X76 4 0.35 X212 11 0.35 X93 1 25 0.35 PWR SUP TO M6 GROUP 1 HOOKS

×302 18 0.35 Xl12 18 0.35 X76 8 0.35 X212 18 0.35 X93 5 67 0.35 PWR SUP TO M6 GROUP1HOOKS

X302 !16 0.35 Xl12 16 0.35 X76 1 0.35 X212 _16 0.35 X93 47 12 0.35 PWR SUP TO M6 GROUP1HOOKS

X302 24 0.35 Xl12 24 O.35 X76 5 0.35 X212 24 0.35 X93 48 66 0.35 PWR SUP TO M6 GROUP 1 HOOKS

X301 18 0.35 Xl19 18 0.35 X76 9 0.35 X219 18 0.35 X97 5 50 0.35 PWR SUP TO M7 GROUP 1 HOOKS

X301 11 0.35 Xl19 11 0.35 X76 10 0.35 X219 11 0.35 X97 1 25 0.35 _'WRSUP TO MT GROUP1HOOKS

X301 16 0.35 Xl19 16 0.35 X76 11 0.35 X219 16 0.35 X97 47 8 0.35 _WR SUP TO M7 GROUP 1 HOOKS

X301 24 0.35 Xl19 24 0.35 X76 2 0.35 X219 24 0.35 X97 48 49 0.35 PWR SUP TO M7 GROUP 1 HOOKS

i
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Table 140-C. Connector Switch Box Switched Docking Functions (continued)
Switch Box' Russ "Switch Box" Russ Rus_ Switch Box Russ Russian Rus=

to Wire to ODM Wire ODM Wire to Node 1 Wire Mech Disc Wire

Pallet Size (-3002) Size (-3002} Size (ISS Size Panel X3 X4 Size

Conn !Pin )mm2) Shd Conn Pin )mmz Conn Pin (mm_) Shd Conn Pin (mm2) Conn Pin Pin Pin (mm2 Shd Functions

x302 8 0.35 Xl12 8 0.35 x76 6 0.35 x212 8 0.35 x93 7 63 0.35 GROUP 1 HOOKS CLOSED

X301 8 0.35 ×119 8 0.35 X76 20 0.35 X219 8 0.35 X97 7 46 0.35 GROUP 1 HOOKS CLOSED

X302 14 0.35 Xl12 14 0.35 X76 15 0.35 X212 14 0.35 X93 6 62 0.35 GROUP 1 HOOKS OPEN

X301 14 0.35 Xl19 14 0.35 X76 22 0.35 X219 14 0.35 X97 6 45 0.35 GROUP 1 HOOKS OPEN

X302 26 0.35 X112 26 0.35 X76 24 0.2 GROUP 1 HOOKS CLOSEDRETURN

X301 27 0.35 xl19 27 0.35 X76 33 0.2 GROUP1 HOOKS CLOSED RETURN

X302 27 0.35 Xl12 27 0.35 X76 32 0.2 GROUPI HOOKS OPEN RETURN

X301 26 0.35 X119 26 0,35 X76 301 0.2 GROUP1 HOOKS OPEN RETURN

X304 1 0,35 X114 1 0.35 XTO 4 0.35 K214 1 0.35 X93 18 81 0.35 FIXER 1 (+}

X303 1 0.35 X113 1 0.35 X7O 2 O.35 K213 1 0.35 X97 18 64 0.35 FIXER1 (+)

X304 26 0,35 Xl14 26 0.35 XTO 28 0.35 X214 26 0.35 X93 19 82 O.35 FIXER 1 (-)

X303 !26 0.35 Xl13 26 0.35 X70 31 0.35 X213 26 0.35 X97 19 65 0,35 FIXER 1 (-)

X304 34 0.35 Xl14 34, 0.35 XTO 46 0.35 X214 34 0.35 X93 20 83 O,35 FIXER 1 (-I

X303 34 0.35 Xl13 34 0.35 XTO 45 0.35 X213 34 0.35 X97 20 66 0.35 FIXER 1 (-I

X304 2 0.35 ,Xl14 2 0.35 X70 10 0.35 X214 2 0.35 X93 21 84 0,35 FIXER 2 (+)

X303 2 0.35 Xl13 2 0.35 X7O 9 0.35 X213 2 0.35 X97 21 67 0.35 FIXER2 (+)

X304 27 O.35 X114 27 0.35 XTO 27 0.35 X214 27 0.35 X93 22 85 0.35 FIXER2 (-I

X303 27 0.35 X113 27 0.35 XTO 26 0.35 X213 27 0.35 X97 22 68 0.35 FIXER 2 (-I

X304 35 0.35 Xl14 35 0.35 X70 50 0.35 ×214 35 0.35 X93 23 86 0,35 FIXER 2 (-I

X303 35 0.35 Xl13 35 0,35 X7O 49 0.35 X213 35 0.35 X97 23 69 0.35 FIXER 2 (-)

X304 3 0.35 Xl14 3 0.35 X7O 8 0.35 X214 3 0.35 X93 24 87 0.35 FIXER 3 (+)

X303 3 0.35 Xl13 3 0.35 X70 14 0,35 K213 3 0.35 X97 24 70 0.35 FIXER 3 (+)

• X304 28 0.35 Xl14 28 0.35 X7O 25 0.35 X214 28 0.35 X93 30 88 0.35 FIXER 3 (-)

X303 28 0.35 ×113 28 0,35 XTO 24 0.35 X213 28 0.35 X97 30 71 0,35 FIXER 3 |-)

X304 36 0.35 Xl14 36 0.35 X7O 44 0.35 X214 36 0.35 X93 31 89 0,35 FIXER3 (-I

X303 36 0.35 X113 36 0.35 X70 43 0.35 X213 36 0.35 X97 31 72 0.35 FIXER3 (-)

X304 4 0.35 Xl14 4 0.35 X70 13 0.35 X214 4 0.35 X93 16 90 0.35 ;IXER4(+)
X303 14 0.35 Xl13 4 0.35 X70 20 0.35 X213 4 0.35 ×97 6 73 0.35 =IXER4 (+)

X304 129 0.35 X114 29 0.35 XTO 7 0.35 X214 29 q.35 X93 17 i 91 0.35 FIXER 4 I-1

FO, 131-H-2 REV 9-87 7-1 "_-_,d
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Table 140-C. Connector Switch Box Switched Docking Functions (continued)
Switch Box Russ Switch Box Russ Russ Switch Box Russ Russian Russ

to Wire to ODM Wire ODM Wire to Node 1 Wire Mech Disc Wire

Pallet Size (-3002) Size (-3002) Size (ISS) Size Panel X3 X4 Size

Conn Pin (mm2) Shd Conn Pin (mm2) Conn Pin (mmZl Shd Conn Pin (mm2) Conn Pin Pin Pin (mm2); Shd Functions
X303 29 0.35 Xl13 29 0.35 X70 16 0.35 X213 29 0.35 X97 17 74 0,35 FIXER 4 (-)

X304 37 0.35 X114 37 0.35 XTO 48 0.35 X214 37 0.35 X93 25 92 0.35 FIXER4(-I

X303 37 0.35 Xl13 37 0.35 X70 47 0.35 X213 37 0.35 X97 25 75 0.35 FIXER4 (-)

X304 10 0.35 Xl14 10 0.35 XTO 19 0.35 X214 10 0.35 X93 27 93 0.35 FIXER 5 (+)

X303 10 0.35 Xl13 10 0.35 XT0 181 0.35 X213 10 0.35 X97 27 76 0.35 FIXER5(+)

X304 30 0.35 X114 30 0.35 XTO 33 0.35 X214 30 0.35 X93 28 94 0.35 FIXER5 (-)

X303 30 0.35 Xl13 30 0.35 X70 32 0.35 X213 30 0.35 X97 28 77 0.35 FIXER5 (-)

X304 38 0.35 Xl14 38 0.35 X70 42 0.35 X214 38 0,35 X93 29 95 0.35 :IXER 5 (-)

×303 38; 0.35 Xl13 38 0.35 X70 41 0.35 X213 38 0.35 X97 29 78 0.35 FIXER 5 (-)

!X304 7 0.35 Xl14 7 0.35 X67 4 0.2 K214 7 0.35 X93 26 96 0.35 HI-ENERGYDAMPER NO. 1 (+)

X303 7 0.35 Xl13 7 0.35 X67 3 0.2 ;X213 7 0.35 X97 26 79 0.35 HI-ENERGYDAMPERNO. 1 (+)

X304 31 0.35 Xl14 31 0.35 X67 39 0.2 X214 31 0.35 X93 34 97 0.35 HI-ENERGYDAMPER NO. 1 (-1

X303 31 0.35 Xl13 31 0.35 X67 40 0.2 X213 131 0.35 X97 34 80 0.35 HI-ENERGY DAMPER NO. 1 (-)

X304 8 0.35 Xl14 8 0.35 X67 17 0.2 X214 8 0.35 X93 35 98 0.35 HI-ENERGYDAMPER NO. 2 {+l'"

X303 8 0.35 Xl13 8 0.35 X67 16 0.2 X213 8 0.35 X97 35 81 0.35 HI-ENERGYDAMPER NO. 2 (+)'"

X304 39 0.35 Xl14 39 0.35 X67 50 0.2 X214 39 0.35 X93 36 99 0.35 HI-ENERGYDAMPER NO. 2 (-)" °

X303 39 0.35 Xl13 39 0.35 X67 49 0.2 X213 39 0.35 X97 36 82 0.35 HI-ENERGYDAMPER NO. 2 (-)''

X304 9 0.35 Xl14 9 0.35 X67 6 0.2 X214 9 0,35 X93 32 100 0.35 HI-ENERGYDAMPER NO. 3 (+)'"

X303 9 0.35 X113 9 0.35 X67 5 0.2 X213 9 0.35 'X97 32 83 0.35 _II-ENERGYDAMPER NO. 3 (+)'°

X304 40 0.35 Xl14 40 0.35 X67 35 0.2 X214 40 0.35 X93 33 103 0.35 -II-ENERGYDAMPER NO. 3 (-)''

X303 40 0.35 Xl13 40 0.35 X67 34 0.2 X213 40 0.35 X97 33 84 0.35 HI-ENERGYDAMPER NO. 3 (-)''

X301 25 0.35 Xl19 25 0.35 X76 41 0.35 X219 25 0.35 X97 2 9 0.35 PWR SUP TO M9 GROUP 2 HOOKS

X301 17 0.35 Xl19 !17 0.35 X76 42 0.35 !X219 17 0.35 X97 3 51 0.35 PWR SUP TO M9 GROUP 2 HOOKS

X301 19 0.35 X119 19 0.35 X76 39 0.35 X219 19 0.35 X97 49 26 0.35 PWR SUP TO M9 GROUP 2 HOOKS

X301 12 O.35 ×119 12 0.35 X76 40 0.35 X219 12 0.35 X97 50 52 0.35 PWR SUP TO M9 GROUP 2 HOOKS

X302 25 0.35 K) 12 25 0.35 X76 47 0.35 X212 25 0.35 X93 2 14 0.35 PWR SUP TO M8 GROUP 2 HOOKS

X302 17 0.35 X112 17 0.35 X76 48 0.35 X212 17 0.35 X93 3 68 0.35 PWR SUP TO M8 GROUP 2 HOOKS

X302 19 0.35 X112 19 0.35 X76 50 0.35 X212 19 0.35 X93 49 29 0.35 =WR SUP TO M8 GROUP 2 HOOKS

FORM M 131-H-2 REV 9-87 7-17-98
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Table 140.C. Connector Switch Box Switched Docking Functions (continued)

ODM

(-3002)

Functions
_WR SUP TO M8 GROUP 2 HOOKS

HOOKS CLOSED

HOOKS CLOSED

GROUP 2 HOOKS OPEN

GROUP 2 HOOKS OPEN

GROUP 1 HOOKS IN-BETWEEN

HOOKS IN-BETWEEN

GROUP 2 HOOKS IN-BETWEEN

3ROUP 2 HOOKS IN-BETWEEN

HOOKS IN-BETWEEN RETURN

IN-BETWEEN RETURN

HOOKS IN-BETWEEN RETURN

HOOKS IN-BETWEEN RETURN

CONTROL SENSOR RETURN

CONTROL SENSOR RETURN

CONTROL SENSOR RETURN

CONTROL SENSOR RETURN

CONTROL SENSOR RETURN

SENSOR RETURN

CONTROL SENSOR RETURN

READY TO HOOK

READY TO HOOK

UNDOCK COMPLETE

ETE

INTERFACE SEALED

INTERFACE SEALED

INTERFACE SEALED

FC 131-H-2 REV 9-87
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Table 140-C. Connector Switch Box Switched Docking Functions (continued)
Switch Box Russ Switch Box Russ Russ Switch Box Russ Russian Russ

to Wire to ODM Wire ODM Wire to Node 1 Wire Mech Disc Wire

Pallet Size (-3002) Size (-3002) Size (ISS) Size Panel X3 X4 Size

Conn Pin (mm2) Shd Corm Pin (ram2) Conn Pin (mm2 Shd Conn Pin (mm2) Corm Pin Pin Pin (rnm2) Shd Functions
X302 7 0.35 X212 7 0.35 X93 13 70 0.35 INTERFACESEALED

X301 32 0.35 X119 32 0.35 X77 18 0.2 X219 32 0.35 X97 40 63 0,35 CONTROL SENSOR RETURN

X302 33 0.35 Xl12 33 0.35 X77 26 0.2 CONTROL SENSOR RETURN

X302 34 0.35 Xl12 34 0.35 X77 34 0.2 CONTROL SENSORRETURN

X307 18 0.35 Xl17 18 0.35 'X71 28 0.35 X217 18 0.35 X109 1 10 0.35 BALLSCREW I LIN ADV (COM)

X307 26 0.35 Xl17 26 0.35 X71 i23 0.35 X217 26 0.35 :X109 2 11 0,35 BALLSCREW 1 LIN AOV (SIG)

X307 34 0.35 Xl17 34 0.35 X71 40 0.35 X217 34 0.35 X109 3 12 0.35 BALLSCREW 1 LIN ADV (EXC)

X307 19 0.35 Xl17 19 0.35 X71 27 0.35 BALLSCREW 2 LIN ADV (COM)

X307 27 0.35 Xl17 27 0.35 X71 24 0.35 X217 27 0.35 X109 4 13 0.35 BALLSCREW 2 LIN ADV (SIG)

X307 35i 0.35 Xl17 35 0.35 X71 39 0.35 X217 35 0.35 X109 19 128 0.35 3ALLSCREW2LINADVIEXC)

X307 20 0.35 Xl17 20 0.35 X71 26 0.35 BALLSCREW 3 LIN ADV (COM)

X307 28 0,35 Xl17 28 0.35 X71 25 0.35 X217 28 0.35 X109 5 14 0.35 BALLSCREW 3 LIN ADV (SIG)

IX307 36 0.35 Xl17 36 0.35 X71 45 0.35 K217 36 0.35 X109 21 135 0,35 BALL SCREW 3 LIN ADV (EXC)

X307 21 0.35 Xl17 21 0.35 X71 35 0.35 BALL SCREW I MISALIGN (COM)

X307 29 0.35 Xl17 :29 0.35 X71 18 0.35 X217 29 0.35 X109 6 15 0.35 BALLSCREW1 MISALIGN(SIG)

X307 37 0.35 Xl17 37 0.35 X71 50 0.35 X217 37 0.35 X109 22 136 0.35 BALLSCREW 1 MISALIGN (EXCI

X307 22 0.35 Kl17 22 0,35 X71 36 0.35 BALLSCREW 2 MISALIGN (COM)

X307 30 0.35 X117 30 0.35 X71 19 0.35 X217 30 0.35 X109 7 16 0.35 BALLSCREW 2 MISALIGN (SIG)

X307 38 0.35 Xl17 38 0.35 X71 49 0.35 X217 38 0.35 X109 23 137 0.35 BALLSCREW 2 MISALIGN (EXCI

X307 23 0.35 Xl17 23 0.35 X71 34i 0.35 X217 23 0.35 X109 8 17 0.35 BALLSCREW3MISALIGN(COMI

X307 31 0.35 Xl17 31 0.35 X71 20 0.35 X217 31 0.35 X109 9 18 0.35 BALLSCREW 3 MISALIGN (SIG}

X307 39 0.35 X117 39 0.35 X71 !48 0.35 X217 39 0.35 X109 10 19 0.35 _ALL SCREW 3 MISALIGN (EXC)

X307 1 0.35 X117 1 0.35 X71 13 0.35 X217 1 0.35 X109 12 28 0.35 LATCHES MANUAL REL RTN

X307 2 0.35 Xl17 2 0.35 X71 17 0.35 X217 2 0.35 X109 11 27 0.35 LATCHES MANUAL RELEASE

X307 3 0.35 Xl17 3 0.35 X71 10 0,35 X217 3 0.35 X109 : 13 29 0.35 RING FINAL POSITION

!X307 4 0.35 Xl17 4 0.35 X71 31 0.35 RING FINAL POSITION RTN

X307 5 0.35 Xl17 5 0.35 X73 44 0.35 X217 5 0.35 X109 14 93 0.35 CAPTURELATCH OPEN

X307 6 0.35 Xl17 6 0.35 X73 10 0,35 CAPTURE LATCH OPEN RTN
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Table 140-C. Connector Switch Box Switched Docking Functions (continued)

Functions
CAPTURE LATCHES CLOSED

CAPTURE LATCHES CLOS RTN

INITIAL POSITION RTN

RING INITIAL POSITION

RING FORWARD POSITION RTN

RING FORWARD POSITION

LWR BALL SCKT 1 TEMP (COM}

LWR BALL SCKT 1 TEMP (SIG)

LWR BALL SCKT 1 TEMP (EXC)

_WR BALL SCKT 2 TEMP (COM)

LWR BALL SCKT 2 TEMP (SIGI

SCKT 2 TEMP (EXC)

LWR BALL SCKT 3 TEMP (COM)

LWR BALL SCKT 3 TEMP (SIG)

LWR BALL SCKT 3 TEMP (EXC)

CAPTURE LATCH 1 TEMP (COM)

CAPTURE LATCH I TEMP (SIG)

CAPTURE LATCH 1 TEMP (EXCI

CAPTURE LATCH 2 TEMP (COMJ

CAPTURE LATCH 2 TEMP (SIG)

CAPTURE LATCH 2 TEMP (EXC)

CAPTURE LATCH 3 TEMP (COM}

CAPTURE LATCH 3 TEMP ISIG)

CAPTURE LATCH 3 TEMP (EXC)

SHIELD

DCKNG RING DRV TEMP (COMI

FO, 131-H-2 REV 9-87 7-17-_d
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Table 140-C. Connector Switch Box Switched Docking Functions (continued)
:_wltch Box HUSS Switch Boxi Russ Russ Switch Box Russ Russian Russ

to Wire to ODM Wire ODM Wire to Node 1 Wire Mech Disc Wire

Pallet Size (-3002) Size (-3002) Size (ISS) Size Panel X3 X4 Size

Conn Pin (ram=) Shd Conn Pin Imm2) Corm Pin (mm2) Shd Corm Pin (mm2) Conn Pin Pin Pin (ram_ Shd Functions
X308 33 0.35 Kl18 33 0.35 X73 40 0.35 X218 33 0.2 DCKNG RING DRV TEMPISIG)

X308 40 0.35 Xl18 40 0.35 X73 45 0.35 X218 40 0.35 X108 14 136 0.35 DCKNG RINGDRV TEMP (EXC)

X307 11 0.35 Xl17 11 0.35 X79 22 0.35 X217 11 0.35 X109 25 143 0.35 UNDOCKCOMPLETE

X307 12 0.35 X117 12 0.35 X79 23 0.35 UNDOCK COMPLETERTN

X307 13 0.35 Xl17 13 0.35 X79 3 0.35 X217 13 0.35 X109 24 138 0.35 READYTO HOOK

X307 14 0.35 Xl17 14 0.35 X79 9 0.35 X217 14 0.35 X109 20 132 0.35 CONTROLSENSORRETURN

X307 15 0.35 Xl17 |5 0.35 X79 26 0.35 X217 15 0.35 X109 28 147 0.35 GROUP1 HOOKS CLOSED POS

_X307 116 0.35 Xl17 16 0.35 X79 16 0.35 3ROUP I HOOKS CLOS POS RTN

X307 41 0.35 Xl17 41 0.35 X79 25 0.35 X217 411 0.35 X109 27 145 0.35 3ROUP 2 HOOKS OPENPOSITION

X307 42 0.35 Kl17 42 0.35 X79 35 0.35 GROUP 2 HOOKS OPEN POS RTN

X307 24 0.35 Kl17 24 0.35 X79 24 0.35 X217 24 0.35 X109 26 144 0.35 GROUP 1 HOOKS OPEN POSITION

X307 32 0.35 Xl17 32 0.35 K79 34 0.35 GROUP 1 HOOKS OPENPOS RTN

X307 33 0.35 Xl17 33 0.35 X79 17 0.35 X217 33 0.35 X109 29 182 0.35 GROUP 2 HOOKS CLOSED POS

X307 40 0.35 Xl17 40 0.35 X79 127 0.35 X217 40 0.35 X109 18 126 0.35 CONTROL SENSOR RETURN
i

Table 140-C. Connector SwitcJ Box Switched Docking Functions (concluded)

Switch Box Russ Switch Box Russ Russ Switch Box Russ Russian I Russ
to Wire to ODM Wire ODM Wire to Node 1 Wire Mech Disc Wire

Pallet Size (-3002) Size (-3002) Size (ISS) Size Panel X3 I X4 Size

Conn Pir (mm2)l Shd Conn I Pin (ram_) Corm )Pin (mm_j Shd Corm Pin (mm2j Corm Pit Pin [ Pin I(mm 2) Shd Functions
K308 11 0.35 ' Kl18 [11 0.35 X79 "31 0.35 K218 "11 0.35 X108 25 11481 O.35 GRP1HKSLINEARADV(EXC)

<308 12 0.35' Kl18 112 0.35 X79 140 0.35 <218 '12l 0.35 XlO8 26 1149J 0.35 GRP1HKSLINEARADV(SIG)

<308 26 0.35" <118 126 0.35 K79 150 0.35 <218 1261 0.35 X108 ,27 1150J O.35 GRP1HKSLINEARADVICOMI

(308 =41 0.35 <118 141 0.35 K79 130i 0.35 <218 411 0.35 X108 J28 11821 0.35 GRP2HKSLINEARADV(EXCI

(308 142 0.35 (118 142 0.35 K79 ]461 0.35 (218 1421 0.35 X108 129 118310.35 GRP2HKSLINEARADM(SIGI

(308 J43 0.35 (118 143 0.35 (79 139J 0.35 (218 I 43 0.35 )<108 130 118410.35 GRP2HKSLINEARADV(COMI
I i i i ] i I

[308 117 0.35 I 4' {118 11710.35 t (78 ' 1 I 0.35 2" {21B 17 0.2 <108 115 11371 0.35 1" DOCKINGI/FTEMP 1 (COM}
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Table 140-C. Connector Switch Box Switched Docking Functions (concluded)

X30S '10 0.35 |Xl18 101 0,35 "X78 2 0.35 X218 10 0.2 138 IDOCKINGI/FTEMP1 (SIG)X308 4 0,35 XllS 4 0.35 X78 4 0.35 X218 4 0.35 X108 16 0.35 DOCKINGI/FTEMPI(EXCI

X308 16 0.35 4" Xl18 16 0.35 X78 5 0.35 2" X218 16 0.2 XIOS 17 139 0.35 1" DOCKINGI/FTEMP2(COM)

X308 9 0,35 Xl18 9 0.35 X78 6 0.35 X218 9 0.2 DOCKING I/F TEMP 2 (SIGI

X308 3 0.35 Xl18 3 0.35 X78 8 0.35 X218 3 0.35 X108 18 140 0.35 DOCKINGI/FTEMP2IEXC)

X308 15 0.35 4' Xl18 15 0.35 X78 9 0.35 2" X218 15 0,2 X108 19 141 0.35 I ° DOCKINGI/FTEMP3(COM)

X308 8 0.35 Xl18 8 0,35 X78 10 0.35 X218 8 0.2 DOCKINGI/FTEMP3(SIG)

X308 2 0.35 'XllS 2 0,35 X78 12 0.35 X218 2 0.35 X108 20 142 0.35 DOCKINGI/FTEMP3(EXC)

X308 14 0.35 4 ° X118 14 0.35 X78 30 0.35 2° X218 14 0.2 X108 21 144 0.35 1° HOOKSDRIVE TEMP I (COM)

X308 7 0.35 Xl18 7 0.35 X78 31 0.35 X218 7 0.2 _IOOKSDRIVE TEMP 1 (SIG)

X308 1 0.35 Xl18 1 0.35 X78 33 0.35 >(218 I 0.35 X108 ! 22 145 0.35 HOOKS DRIVE TEMP 1 (EXC}

X308 13 0.35 4 ° Xl18 13 0.35 X78 37 0.35 2 ° X218 13 0.2 X108 23 146 0.35 1° HOOKS DRIVE TEMP 2 (COM)

K308 6 0.35 Xl18 6 0.35 X78 38 0.35 X218 6 0.2 HOOKS DRIVE TEMP 2 (SIG)

X308 5 0.35 Xl18 5 0.35 X78 40 0.35 X218 5 0,35 X108 24 147 0.35 HOOKS DRIVE TEMP 2 (EXC)

X308 50 0.35 4 ° Xl18 50= 0.35 X78 34 0.35 2 ° X218 50 0.35 X108 50 143 0.35 1° SHD(ALLAPDSTEMPMEAS)

NOTES: 11 ALL 1" SHIELDS (APDSTEMP MEASUREMENTS) TIED TOGETHER THRU SWITCH BOX AT X218-50
X218-50 CAPPED & STOWED (NOT CONNECTED TO PJ9519-23)

2/ ALL 2" SHIELDS (APDS TEMP MEASUREMENTS) TIED TOGETHER THRU SWITCH BOX AT Xl18.50
3/ ALL 3* SHIELDS (RUN THRU X308 CONNECTOR)TIED TOGETHER THRU SWITCH BOX AT X308-18
X308-18 CAPPED & STOWED (NOT CONNECTED TO P9423-78)
4/ ALL4* SHIELDS (RUNTHRU X308 CONNECTOR) TIED TOGETHER THRU SWITCH BOX AT X308-50

FC 131-H-2 REV 9-87
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Table 140-D.. Switch.Box Controls

SWITCH

BOX DOCKING FUNCTION
I/F

CONN PIN

X311 2 ISSPOSTMPWR

X311 3 MOTOR ACTUATION IND (SYS 1)
X311 4 ORBITER MATE DRV PWR (SYS 1)
X311 6 ORBI1ER MATE DRV PWR (SYS 1)
X311 7 ISS MATE DRV PWR (SYS 1)
X311 8 ISS MATE DRV PWR (SYS 1)
X311 10 ISSPOSTM
X311 12 IORBITERPOSTM
X311 13 ORBITER POSTM PWR
X311 122 MOTOR PWR RTN A (SYS 1)
X311 !23 MOTOR PWR RTN B (SYS 1)
X312 2 ORBITER POS IND PWR

IX312 3 MOTOR ACTUATION IND (SYS 2)
X312 4 ORBITER MATE DRV PWR (SYS 2)

_ X312 6 ORBITER MATE DRV PWR (SYS 2)
X312 7 ISS MATE DRV PWR (SYS 2)
X312 8 ISS MATE DRV PWR (SYS 2)
X312 10 ORBiTERPOSIND
X312 12 ISS POSIND
X312 13 ISS POS IND PWR

X312 22 MOTOR PWR RTN A (SYS 2)
X312 23 MOTOR PWR RTN B (SYS 2)
X311 11 CSB CONN MATE (XP1) (VOLT)
X311 15 CSB CONN MATE (XP1) (STATUS)

CSB CONN MATE RTN (VOLT)
X311 9 ICSBCONN MATE (XP3) (VOLT)
X311 14 CSB CONN MATE (XP3) (STATUS)

CSB CONN MATE RTN (STATUS)
SHD
SHD

IX312 9 CSB CONN MATE (XP2) (VOLT)
X312 15 CSB CONN MATE (XP2) (STATUS)

CSB CONN MATE RTN (STATUS)
X312 11 CSB CONN MATE (XP4) (VOLT)
X312 14 CSB CONN MATE (XP4) (STATUS'

CSB CONN MATE RTN (VOLT)
SHD
SHD
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Appendix XV

150. DATA REQUIREMENTS

A. This ProcurementData RequirementsList (PDRL) delineatesthe data-submittal
requirementsrequiredfor thisprocurement.

B. When Buyerapprovalis required,implementationof documentationshallnot proceeduntil
after Buyerapproval,or forty-five(45) days after acknowledgmentof receiptby Buyer,
whicheveris earliest,unlessdisapprovedby Buyer.

C. All requesteddocumentationshallbe submittedwiththe followinginformationspecifiedon
the data packingsheetsand on the outsidepackagelabel:

NASA]JSC Attention: Jim Nise/OH
NASA Road 1
Houston,Texas 77058

D. Data willbe submittedon Seller'sformat, unlessspecifiedotherwise.

E. REPRODUCTION OF DATA- Inadditionto any otherprovisionswithrespectto data
containedin thispurchaseorder,Buyershallhave the rightto reproduce,inany quantity
necessaryfor efficientperformanceof itsprimecontractobligation,any datasubmittedby
Sellerwithoutrestrictionor withrestrictivelegendauthorizedby the applicabledata use
restrictionclause.

F. DOCUMENT IDENTIFICATION - All documentationof principalAPDS equipment,except
drawingsand specifications,shallbe identifiedwith Seller'sdocumentnumber,revision
letter, revisiondate, Buyer'srelatedcontrolnumberand Buyer'sdata itemdescdpUon
number. Drawingsand specificationsshallbe identifiedin accordancewithSeller's
identificationsystem.

G. DOCUMENTATION QUALITY - Adequatequalityassuranceprovisionsshallbe
implementedand maintainedby the Sellerto the extentthat all documentationsubmittedis
of a standardtypeand of sufficientqualityto reproducelegiblecopies. The Buyerreserves
the rightto rejectany documentationwhichdoesnot meet thesestandards.

H. NUMBER OF COPIER - The Sellershall provide3 copiesof every datasubmittal,unless
otherwisespecified.

I. _ - See Data RetentionClauseof the applicablePatentand Data
ProvisionsFlysheetof thepurchaseorder.

J. LANGUAGE - All datashall be submittedin bothEnglishandwhenthe datawas originally
preparedin Russian,the source Russianshallalso be submitted.
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K. DEFINITION OF CODER

DUE DATE:

DDD/C/XXX

DDD = Numberof calendardays
C: A = After

P = Priorto
W = Concurrentwith

XXX = Eventor Milestone

Example:
030/P/CDR 30 days priorto CDR

EVENT OR MILESTONE

ATP Authorityto Proceed
DOR Determinationof Requirements
FPO Failure/ProblemOccurrence
HWD HardwareDeliveryby Seller
IMP Implementation
NEG NegotiationswithSeller
POC PurchaseOrder Close-Out
PRPL Proposal
QTC QualificationTest Completion
REL Release of Data by Seller
REV Reviewsand Meetings
RON Receiptof BuyerNotificationto SubmitData
CDR CriticalDesignReview
SCI Seller ConfigurationInspection
PDR PreliminaryDesignReview
TBN To be NegotiatedwithSeller
TST Test by Seller

FREQUENCY OF SUBMITTALS

O/TIME One Time
O/TIME/R One Time and Revisions
R/ASR Revisionsas Required

APO2 DELETED

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

CM01 Plan, Configuration 45 daysafter Revisionsas Yes
Management contractgo- required

ahead
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ScoDe- This Procurement Data RequirementDescription(PDRD) establishesthe
requirementsfor preparationand maintenanceof a ConfigurationManagementPlan by theSeller.

Content- The Seller's Configuration Management Plan shall include the following:

A. Narrative explanations of the Seller's existing Configuration Management (CM) System
intended to be utilized in complying with the requirements imposed in this specification. The

explanations shall be in terms of approach and methods to be utilized. Applicable existing
Seller-written policies and instructionsshall be referenced to selected explanations and
documents submitted with the CM Plan.

B. Detailed descriptions of the operation, organization and authority of the Seller's change
control system including sample forms and control of Seller's Configuration Baseline
Document (SCBD).

C. Relationship between the Seller's configuration status accounting function and configuration
verification system, demonstrating how the validity of hardware baseline documentation is
assured (as-approved, as-designed, as-built).

D. A description of the format and process with which the Seller will submit an Engineering
Design Change Proposal (EDCP). EDCPs must be submitted to obtain Buyer's advance
approval of any Class 1 engineering changes. EDCPs shall include a description of and
reason for the change, along with descriptions of any impacts to APDS performance,
weight, reliability, delivery schedule, and cost. Class I changes as defined in 3.3.6.8.2.

M._. The Plan shall be maintained by page revisionor complete reissue, whichever ismost cost-effective.

Fo_at. Seller may utilize his own format.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

CM03 Document, Seller 30 days prior to (a) As Revised Yes
Configuration CDR after CDR.
Baseline (b) At Hdwe Del.
(SCBD)

-This ProcurementData RequirementDescription(PDRD) establishesthe requirement
for a data listdefiningthe approvedconfigurationbaselineof hardwareThis listdefineseach
type of SellerEnd Item (SEI)/major componentsand assembliesincludingas a minimumthe
lowest-levelitemthat is serializedfor changeeffectivity. SCBD'sare requiredfor qualified
SEI/major componentsandassemblies.

Note: This documentrepresentsthe approvedbaselinefor the SEI establishedby design
review,configurationinspectionor productaudit. Buyer'sapprovalof the SCBD
does not constitutea contractchangeauthorization.

Note: One copyshall be furnishedineach AcceptanceData Package, PDRL QA12.
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.C.O.O.1.e._:The followingspecificelementsof data shallbe included:

A. Identificationof the SEI/major componentandassembliesby Buyercontrolor part number,
itemnomenclature,and the Seller'spart number.

B. Identificationof thecontractualdocumentationusedto accepta deliverableSEI/majorcomponent:

1. Buyerprocurementtechnicalspecification.

2. Seller'stechnicaldocumentation:

a. Released baselinedrawings& documentlistby assembly/subassemblyindentureforthe deliverableitem.

b. Seller's procurementspecificationand drawingsandsubtler-supplierdrawingsanddocuments,as applicable.

c. Seller'sAcceptanceTest Procedures(ATP).

d. SelectedSeller's Materialand ProcessSpecificationsessentialby the Buyerin
consonancewiththe Sellerto be baselinedfor itemsto be delivered.

Note: Thisdocument,when baselined,servesas a common referencefor controlof
engineeringchanges.

_.The Sellershall preparethe SCBD data in Seller'sstandardformat, a The Seller
shallupdateand resubmitthe SCBD to the Buyerin accordancewiththe following:

A. Subsequentto the CriticalDesignReviewand priorto Buyerapproval,the SCBD shallbe
updatedto reflectchangesto the listeddocumentationresultantfrom the designreview.

B. Subsequentto Buyerapprovalof an incrementaldesignbaselinefor selectedintegral
assemblies,componentsor partsof the SEI, the SCBD shallbe resubmittedas requiredto
keep Buyerappraisedof the releaseof documentscontainingchanges.

C. Priorto deliveryof the firstqualiflableor qualifiedproductionhardware,submittalof a
completedSCBD for the SEI is requiredto supporta SellerConfigurationInspection(SCI).
The "as-designed"baselineas identifiedinthe SCBD andapprovedby the Buyershallbe
utilizedto assessthe readinessof the SEI for deliveryto the Buyer.

D. The SCBD approvedfor SEI shallbe utilizedas the basisfor acceptanceof subsequentSEI
deliveries. Resubmittalof an SCBD and Buyer reapprovalis requiredfor subsequentSEI
deliveriesonlywhen suchitemscontain engineeringchangesbeyondthe baselineshowninan approvedSCBD for theSEI.

E. Change authority/remarksshall be providedwhen changinga lineentry duringan SCBD
revision. The Seller'sauthority for makinga Class I changeshallbe referencedto the
Buyer's EngineeringDesignChange Proposal(EDCP) and Buyer'sPurchaseOrder ChangeNotice (POCN).
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PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

As-Built Concurrentwith Revisionsas
CM04 Configuration hardware required No

Record(ABCR) delivery

Note: One copy shall be furnished as part of each AcceptanceData Package, PDRLQA12.

- This ProcurementData RequirementDescription(PDRD) establishesthe

requirementsfor a data listdefiningthe identificationandphysicaldescriptionof each SEI/major
componentand assemblyprovidedby the Sellerfor acceptanceanddeliveryto Buyer. The
documentshallconsistof an accurateaccumulationof data extractedfromthe fabricationand
test records.

Note: Where lottraceabilityis required,only oneABCR shall be prepared for SEI's
comprisinga lot.

Content -The followingspecificelementsof data shallbe included:

A. Identificationof the SEI/major componentandassembly by Buyercontrolnumber, item
nomenclature,Seller partnumber,and serial/lotnumber.

B. The contractualdocumentation,i.e., BuyerProcurementSpecification,Buyerapproved
AcceptanceTest Procedure(ATP).

C. The As-BuiltConfigurationRecord (ABCR) shallconsistof an accurateindenturedpartslist,
includingthose partsand assembliesbaselinedin theapprovedSCBD.

In addition,the ABCR shallincludethe following:

1. The latestapproveddocumentrevisionletterand engineeringchangeorder/notice
identifiersto whichthe partwas fabricated.

2. A notationto see PDRD QA12 for Waivers or Deviationsagainstaffectedparts.

3. Serial/Lotnumbersor date codes for all traceable itemsidentifiedon Seller'sdrawings
or subtlersupplierdrawings,includingall Electrical,Electronic,and Electromechanical
(EEE) components.

B. The Seller shall preparetheABCR dataon the Seller's standardform.

CMO5 DELETED

PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

LS01 Plan, Maintenance 30D/PDR Yes
Supt 60D/CDR (Update)

FORM M 131-H-2 REV 9-87 7-17-98



CODE IDENT. NO. 03953
NUMBER

JSC 26938 PAGE 55

1
USE

To describethe Seller'splan for maintenancesupportof APDS Line Reparable Units (LRU's)

SCOPE - This ProcurementData RequirementDescription(PDRD) establishesthe
requirementfor preparationof a MaintenanceSupportPlanfor the Seller'sreparableLRU's.

- The Seller's MaintenanceSupportplanwillspecifythe methods, processesand
controlsto be utilizedto ensurean efficient,costeffectiverepairprogramfor systemLRU's.

The planshalladdressas a minimum:

A. Recommendedlevelsof repairand extentof repairat each hardwarelevel.

B. Maintenanceconceptto includeinitialtesting/faultisolation,repairactionsand
recommendedpostmaintenancetests (modifiedATP) as applicableby type repair, i.e., test
to be performedsubsequentto replacementof: a pluginmodule,a solderedin component,etc.

C. Spareslay in requirements.

D. Maintenanceof a securedstoragearea (bondedstores)for spare repairpartsif suchparts
are layed infor futureoverhauland repairactivities.

E. Provisionsfor timely responseto the Buyer'srequestfor pdodtyrepairactions.

F. Provisionsfor residentquality inspection.

G. Packagingand handlingprovisions.

H. Deliveryof repairedhardware to the Buyer. Utilizationof DD Form250 or DD Form 1149 asapplicable.

I. Provisionsforresponseto Buyer'sdispositioninstructionsfor, andcontrolof, hardware
whichis beyondeconomicalrepairand removednon-reparablecomponentparts.

J. Provisionsfor submittalof repaircost estimatesand estimatedcompletiondatesuponreceiptof a defectiveunit.

K. Provisionsfor subtlersupplierrepairactivities.

FORMAT - Optional

LSO2 DELETED

LSO3 DELETED

PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

LS04 List,LimitedLife, Seller 30D/PDR, Yes
End Item (SEI) Update 60D/CDR

FORMM131-H-2REV9-87 7-17-98
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A. To identify the SEI limited-operating-life items and the requirements for inspection,
maintenance, and replacement of these items.

B. To identify the SEI limited-shelf-life items and requirements for inspection, maintenance,
and replacement of these items.

PREPARATION INFORMATION

SCOPE - Identification of Seller SEI limited-life items.

Ng_O_. .Et-

A. The SEI limited-operating-life-item action document shall define the criteda for selection of
operating-time-significant equipment and establish general requirements for acquisition of
data on operating time or cycles. Limited-life items where time or cycles are directly related
to the primary cause of failure modes within the life specified in the Buyer procurement
specification for the SEI, or where serviceability for such pedods requires some action as a
function of operating time or cycles, shall be designated as limited-operating-life items.
Limited-operating-life-items shall be identified at the Line Replaceable Unit (LRU) level or
higher and shall be listed in the SEI Limited-Life List. For each item this list shall identify:

1. Name and part number

2. Operational life limit

3. Life-limiting parameter, part, or material and its function

4. Estimated operational usage prior to delivery to the Buyer

5. Limitations on the number of refurbishments

6. Restdctions related to use, test, handling, and maintenance

7. Rationale for selection

B. The SEI limited shelf life item action document shall define the criteria for selection of
limited-shelf-life items and establish general requirements for acquisition of age controlled
time data. Limited-life parts and materials which are subject to failure due to aging or
environment as a function of time since manufacture and/or installation shall be designated
as limited-shelf-life items. The SEI shall have a shelf life that complies with requirements of
the procurement specification and the "age-control date" shall be provided at the LRU or
higher,for the age-sensitivepartor materialwhichmustbe replaced at the earliestdate
subsequentto manufactureof the SEI. Limited-shelf-lifeitemsshallbe identifiedinthe SEI
Limited-LifeList. Foreach itemthis listshallidentify:

1. Name and part number

2. Age life limit

3. Life-limitingparameter, part, or materialand its function
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4. Age limiting environment

5. Limitationson the number of refurbishments

6. Restrictions related to use, test, handling, and maintenance

7. Rationale for selection

- Optional. SEI lists for flight and support equipment items shall be separatedocuments.

LSO5 DELETED

PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

LS06 Spare Parts 30D/PDR Yes
Recommendations Update 60D/CDR

USE

Contentutilizedby the Buyerto EvaluateSeller'srecommendedspares andrepairpartsin
supportof deliverablehardware,and to evaluateSeller's recommendedchangesto sparesandrepairparts previouslyrecommended.

PREPARATION INFORMATION

- The Seller shallrecommendspare and repairpartsfor the supportof deliverablehardware.

DesignChangesaffectingthe spares previouslyrecommendedshallbe documentedbysubmittalof a changeSPR.

- The followingdetailedinstructionsare provided:

A. The SPR will be preparedlistingall spare andrepairpartsrecommendationsina top down
breakdownformat of the Seller'schoosing.

B. For each spare part listed,the SPR shall specifythe extentto whichand level at which
maintenanceof the spare is possibleand what organization(Buyeror Seller) is authorized
to make suchrepair.

C. For each spare part listed,the SPR shall specifythe shelf life, procurementlead time, and
total recommedndedquantity.

LS08 DELETED
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

MC02 Material Identifica Upon identiflcationof all Revisionsin Yes
tion and Usage List materialsusedbut not AP02

laterthan45 days priorto
deliveryof hardware

Reauirement_: A listof all materialsusedinthe finishedproduct,includingmaterialreview
actionsand materialof procuredpartsandassemblies. The listshallincludepartnumber,part
title,materialspecificationnumber,and manufacturer'smaterial designation. For non-metallic
materials,materialmanufacturerand materialweight(grams)shall be reported to the nearest
0.001 gram., and materialsurfacearea (cm=)shall be reportedto the nearest0.01 cm2.

Materialapplicationsinsidehermeticallyor environmentallysealed containers,backfilledwith
inertgas, or buriedinsidepottingcompounds,with no methodof receivingor replenishinga
supplyof combustionsupportingatmosphere,need not be reported. However,the material
usedfor sealingshall be reported.

DESCRIPTION DUE DATE FREQ. BUYER
TITLE SUB. APPR REQ

MP01A ComponentMass 45 days priorto R/ASR No
PropertiesStatus designrelease
Report

ReauirementsTo provideweight,centerof gravityand momentof inertia.

PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

PG01A Data, Packaging& Submittedand Update as Yes
Transport Approvedfor Multi- Required

MirAPDS for ISS
Shipments

USE

To providedetailed informationof Seller'spackagingand transportmethods.

PREPARATION INFORMATION

SCOPE - The Seller shallprovideengineeringdocumentationfor the preservation,packaging
and packingfor transportationand storage,as requiredto satisfythe preparationfor delivery
requirementsof the applicableprocurementspecification,shippinginstructions,and purchase
order. The typesof data to be preparedare describedinthe followingsubparagraphs.

Note: Data coveringspecificparts,i.e., packagingdata forms anddetail drawings,shall
includeboththe Seller'spart numberand BuyerControlNumber.

CONTENT-
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PG01.1 - Packaging Data Form and Supplementary Drawings/Procedures - The specific
packaging methods and materials for each item (and a brief description of the item), and
supplementary drawings and procedures shall be documented on a Preservation, Packaging
and transportation Support Data Form.

Designs and procedures shall be detailed sufficiently to assure initial packaging, subsequent
repackaging, container fabrication and special marking, etc., can be properly accomplished by
Seller and Buyer personnel ordinarily engaged in performing these operations.

For hazardous items (explosive or radioactive devices, chemicals, solvents, etc.) data shall
also include requirements defining as a minimum, the following:

A. Hazardous classificationper applicable governmentor carder tariffsand regulationsfor
each modeof transportationto be used includingapplicabletransportationtariffor regulation
paragraphnumbers.

B. Materials,methodsor designnecessary to assureconformanceto packagingrequirements
specifiedinthe procurementspecification,paragraph5.0, Preparationfor Delivery.

C. Departmentof TransportationContainerRequirements.

D. Specialhazardousmarkingsand labels.

PG01.6. Report- PackagingandTransportPreliminaryAnalysisand Concept- Thisreport
shall definethe conceptualdesignof packaging/transportequipmentand supportinganalytical
rationale. The followingshallbe includedas applicable:

A. Item configurationinformationincludingenvelopedimensions,weight,center-of-gravity,
shape, supportor pickuppoints,etc. Characteristicsof itemas relatedto itssusceptibilityto
damage from naturaland inducedenvironments(temperature,pressure,contamination,
shock/vibration,etc.).

B. Sketch(es)depictingconceptualdesignof packaging/transportequipmentas plannedby
Sellerto satisfyBuyer'srequirements. Sketchesshallindicateall significantaspectsof the
proposeddesignincluding,for example, primarymaterialsof construction,applicable
governmentspecificationsfor container(s),etc., methodsforsupporting/
blockingthe item,methodsof attenuatingtransportshock/vibration,methodsof
corrosion/contaminationcontrol,methodsof attenuatingtemperature, pressure,or other
environmentsto whichitemis sensitive.

C. Recommendationsfor qualificationof packagingandtransportmethods/equipmentby
analysisor recommendationsfor laboratoryor over-the-readtesting.

D. Capabilityor limitationsof the proposedtransportmodes (air, highway,rail, water) and
specifictransportvehicleas may be required.

E. Report coverage shallincludeall phasesof the hardwareproductionand delivery cycle
includingin-plantstorageand handling;local transportationat pointof origin;transportationto
destination;and receiving,redistribution,handling,andstorage at the destinationfacility.
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PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

QA01 QualityAssurance With proposal Revisionsin Yes"
Plan AP02

Content: Visibilityof Seller'squalitycontrolsystemand Qualificationtest environment
specificationto demonstrateevidenceor compliancewith contractualrequirements.

QA10 DELETED

QA11 DELETED

PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

QA12 AcceptanceData Concurrentwith Revisionsas Yes
Package(ADP) hardwaredelivery required

* One copy shallaccompanythehardware. Three copiesshallbe deliveredin accordancewith
page 1, paragraph3, of thisspecificationappendix.

Content: Documentationrequiredfor the preparationof theADP shallbe compiledfrom
Engineeringreleasedrawings,test records, andspecifications,as wellas verifiedfabrication
and inspectionrecords.

The ADP shallalwayscontain a _JLe,._P_a_,._J_, J__D__E.oml_2_or
Documentinadditionto those elementsof data identifiedinthis requirement.The Table of
Contentsshallaccountfor all itemsof data includedinthis requirement.

EachADP shallbe a conditionof acceptanceforeach end item.

Reouirements: The documentationindicatedbelow:

I. ADP Data ElementDescriptionand FormatRequirements

A. A. Title Page - A titlepageshallbe providedforeach ADP and shalldepict:The Part
name;Buyercontrolnumber;Buyerspecificationnumber,revisionletter,amendments
incorporated,purchaseorder number,Sellerpartnumber,andend itemserialnumber,and
approvalsignatureblocksfor Seller'sQualityAssuranceand NASAQualityAssurance(or
NASA designatedqualityrepresentative).

Fo_at - Seller'sformat may be used.

B. Table of Contents- A Table of Contentsshallbe providedat the front of each ADP which
includesthe Buyercontrolnumberandthe Seller'spart numberandend itemserialnumber
and providesan inventoryof theADP contents.

Format- Seller'sformatmay be used,
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I
QA12.1 Drawings

FormatType: Per data item SE03

Withthe firstshipmentof theend item,the Sellershallprovideone top assemblydrawing(or
drawings)containingsufficientinformationto conducta complete identityand damage
inspection.When drawingchangesoccurwhichaffectthe end item,the Seller shallprovideone
new/revisedtopassemblydrawing(ordrawings)withthe firstshipmentof the affectedenditem.

QA12.2 (Reserved)

QA12.3 DD Form 250 Material Inspectionand Receiving report

FormatType: Per FigureQA12.3-1

The DD Form250 shallbe prepared for all shipmentsfrom Russia,includingthose that are
hand carded.The DD Form250 is preparedinaccordancewith instructionsprovidedin the
purchaseorderan/or Statementof Work.A copyof the DD Form 250 shallbe includedinthe
ADP for each itemor lotdelivered.

QA12.4 ShippingDocument

FormatType: Seller'sformat may be used.

Seller'sshippingdocumentcontainingevidenceof inspectionacceptancefor each item
deliveredshall be preparedwhen sourceinspectionbythe NASA QualityAssurance
Representativeis notrequired.A copy of the Seller'sshippingdocumentwillbe includedinthe
ADP for each itemor lot deliveredand shallitemizethe contentsof the shipmentincluding
Buyercontrol numbers,and Seller'spartnames part numbers,and serialnumbers.

QA!2.5 OperatingTime

FormatType: Seller'sformat may be used

Sellershall providerecordsof operatingtime/cyclesfor itemsidentifiedas timeand/orcycle
criticalitems.The record shallindicatethe type of operation,the timeand/or cyclesof the
operationand the totalaccruedtimeand/orcycles.

QA12.6 Age-SensitiveItems

Format Type: Seller'sformat may be used

Sellershallprovideage life recordsfor all partsor materialsidentifiedas age-sensitive.The
recordshallincludepart name, part number,serialnumber,replacementrationale,cure or
manufacturedate, installationdate, replacementdue date, *operationand/orservice
accomplisheddate, *operationand/orservice due date.

* Operationand/orservice accomplisheddateand Operationand/orservice due date shallbe
usedfor itemsthat requireperiodicoperationand/orservicing.
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QA12.8 Reserved

QA12.9 Weight Record - Seller shall provide a record of the actual weightfor each end item.
Include as a line item on the shipping document.

QA12.10 Deviation and Waiver Record - Seller shall provide a list of Deviation and Waiver
Requests applicable to delivered items per 3.3.6.1.3. A copy of each Deviation or Waiver on the
list shall be included in the ADP.

QA12.10.4 Nonstandard DisPositionReDort- The seller shall provide a report in seller's format
describing all instances in which hardware delivered under this contract does not conform to
drawing and/or specification requirements (nonconformance). The report shall include a
detailed description of each such instance, its location on the hardware, and the rationale by
which the decision was made to accept it for delivery.

QA12.11 Recordof Material Review Board (MRB_Actions- The seller shall submit copies of
material review board policies and procedures including pertinent supporting documentation
defining the seller's material review system, which must satisfy the requirements of paragraph
3.4.7 of this specification.

A list of proposed MRB members for quality assurance and engineering, indicating the scope of
their material review authority and describing their qualifications (education and experience)
shall be provided.

The Seller shall provide a list of material review dispositions applicable to the delivered items or
parts/subassemblies installed thereon. Copies of all completed material review board
disposition documents, including wdtten descriptions of the non-conformance, the remedial
action (disposition), and the corrective action (recurrence prevention), signed by authorized
MRB members shall be included in this ADP.

QA12.12 Acceptance Test Data - Seller shall provide acceptance test data sheets reflecting
final acceptance test results recorded per the applicable test specification. Acceptance test
results shall be reported for each acceptance test required by this procurement specification,
and the procurement specification paragraph number for each test shall be clearly linked with
the test result. The acceptancedata sheetsshall reflectqualitycontrolverificationof all test
resultsrecorded,includingproof loadtest resultsfor deliveredliftingandhandlingequipment
when applicable.

QA12.13 Notesand Comments- When othersectionsdo notnormallyprovidefor such
reporting,the Sellershallprepare notesandcommentsannotatingevents or requirements.
Anomalousconditionsencounteredduringacceptancetesting,specialinstructions,adviceor
warningforpersonnelsafety, shallbe included.

QA12.15 Operating(Handling/Maintenance)Instructions.Set of instructionsto allowoperation
writtento the level of understandingof a skilledtechnician. Instructionsshall be providedfor
the APDA andother complexhardware,includingfieldsupportequipment,which require
detailedproceduresfor operation.

QA12.19 Reserved
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QA12.21 Reserved

QA12.22 Non-destructiveEvaluationData (NDE) - The sellershallprovidecopiesof reportsin
seller'sformatdescribingresultsof any ultrasonic,dye penetrant,X-Rays and/or eddy-current
inspectionsperformedon hardware deliveredunderthe-contractdelivered itemsor on parts,
subassembliesinstalledthereon.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

QA15A Data, Pyrotechnic

Paragraph 1 - 015/NATP 0/TIME/R Yes
or (Note 1)

014/NCDR

Paragraph2 - (Note 2) FUASR Yes

Paragraph3 - 005/NRON PJASR Yes

1. ControlDocumentation

a. Drawings- all, includingpackaging,bomband tooling

b. Procedures- qualification,acceptanceand QualityPlan

c. Instructions:manufacturing,inspection,and processing

d. Specifications:procurement,specialprocess,material,etc.

e. Parts List::includeitemsa, b, c, andd with revisions

2. AcceptanceData Package

a. Certified acceptance reports

b. Certifiedlistof detail parts

c. One set of X-ray negativesof each part and X-ray certification

d. One set of N-ray negativesof each part andN-ray certification

e. One copyof the followingas applicable:

1) pressure-vs-Umecurves

2) dent tests

3) delay timeand ignitiontime

4) function

5) detonationvelocity
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6) leak test

f. Certificationof tensile test of body materials and proof pressure test of bodies

g. Certification that the formula for Pyrotechinc mix is the same as the mix used in
qualification test

h. Marriage records recording assembly of components with traceability

i. Weight data

j. Final inspection record

3. Lot Acceptance Data

a. records of material traceability

b. Operational and manufacturing records

c. Rework information and inspection records

d. Operating time logs

e. Seller specification and drawings

f. Buyer specification and drawings

g. Approved changes pertinent to drawings and specifications

h. Assembly drawings

i. Acceptance test procedures

j. Any other information which may be used for the assessment of the quality and
reliability of the pyrotechnic devices prior to flight certification.

Notes: 1. In addition to the three copies submitted, three copies shall be available at
Seller's facility for Buyer's "Preproduction Source Review (Phase II)"
conducted prior to explosive loading.

2. All data applicable to Non-Destructive Evaluation (NDE) shall be submitted
upon completion of NDE (N-Rays and X-Rays: One copy each; certification,
etc.: Four copies each). All other data shall be furnished in each Acceptance
Data Package, PDRL QA12, upon certification of hardware.

QA19 DELETED

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

RA01 ReliabilityAnalysis Initial:030/P/PDR PJASR Yes
Report Final:030/P/CDR 1

FORM M 131-H-2 REV 9-87 7-17-98



CODE IOENT. NO. 03953

I NUMBER JSC 26938 ETER PAGE 565

Reauiremerlt. Implementation of this data requirement shall be to the extent shown for thefollowing categories of hardware:

A. New Design -- full application of all provisions.

B. Modified Design - evaluation to the extent those modifications result in specific reliabilityanalysis impact.

C. Unmodified Design - use of previous data with review and incorporation of any potential
interface or application changes or newly acquired data which would change prior analysis.

The Seller shall perform reliability analysison all electrical and mechanical elements to
show compliance with the useful life requirements specified in the procurement
specification. The analysis shall take into account the equipment operating modes, parts
derating (electrical elements only), mission phases, and environmental factors. If available,
standby (non-operating) failure rates for electrical and mechanical elements shall be
provided. The operating temperature, for purposes of the reliability analysis, shall be the
nominal operating temperature. Failure predictions that are based on actual failure history
and operating times shall be current and shall include all failures relevant to the electrical or
mechanical element under analysis.

D_O._. The reliability analysis shall, as a minimum, provide the following:

A. Definition of Product by purpose, performance, constraints, and failure definition.

B. Reliability model, consisting of logic and mathematical representations of operations and
non-operations for each major application made to the functional group level, and reliability
block diagrams. (A functional group is a set of electrical or mechanical elements performing
a required and relatively independent function within a component, such as command
decode logic, power switching, pyro firing logic, or differential assembly.)

C. Piece part data for each item tabulated on data sheets and listing the electrical or
mechanical elements for each functional block, stress factors for each electrical element,
and predicted failure rates and failure rate sources.

D. Reliability analysis summary to include a discussion of analysis results, identified problem
areas, and planned actions to control or eliminate the noted problems. The analysis
techniques and models utilized shall be fully described.

FORMAT: Subcontractor's format is acceptable.

MaJ_. All information shall be kept current.

Note 1:Final data item shall be submitted 30 days prior
to cdtical design review or upon 90% completion of
design for subsequent submittals.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

RA-19 AnalysisData CDR 0/TIME/R Yes
Energia EEE Part,
Application
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Reauirement: The Seller shall provide an analysis to verify that all Electrical, Electronic,and
Electromechanical (EEE) parts are not overstressed in worst case environments, operating
conditions, and duty cycles.

i
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MDU EEE Part Application Analysis Data

Module Name: POWER SUPPLY CCA Date: Nov 29, 1993 Updated: Aug 12, 1994

Schematic No: 8263326 Prepared By: J. Krywalski By: L. Musil

Circuit Part N,_b_v Type Descrlp. Parameter Max Actual Units Ratio Require. Comments
Symbol tlon Rated ment

Q10 8263107-604 2N2907A Tran- Vce 30 16.000 Volts 0.533 0.700
sistor. Vcb 60 16.0 Volts 0.267 0.700
PNP Veb 5 0.600 Volts 0.120 0.700

Ic 0.80 0.002 Amps 0.003 0.750
Pd 1.8 0,002 Watts 0.001 0.500
Tj 200 102 Deg C 0.510 1.000

T2(A2), T3 (A2) 8263431-301 XFMR Trans- Vbr case 500 200 Volts 0.400
former Vpin-pln 500 200 Volts 0.400

Tr 30 11.0 Deg C 0.367 1.000 < 30 Deg

VR200 JNXV1N4479 1N4479 Diode, Pd 1.0 0.000 Watts 0.000 0.500
US Zener Iz 0.037 0.000 Amps 0.000 0.750

TJ 150 84.300 Deg C 0.967 1.000 <30 Deg C

CR20 8263437-401 SDRIj Diode, Pd 0,850 0.396 Watts 0.466 0.500
Rect Irect 1.000 0.081 Amps 0.081 0.700

Isurge 25 6.000 Amps 0.240 0.750
.... Vr 600 342.60 Volts 0.571 0.700

Tj 175 98.200 Deg C 0,561 1.000

3.9 Zz PL]
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RA20 Deleted

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

RA2.2 Report, Failure 030/P/PDR PJASR Yes
Mode and Effects
Analysis (FMEA)
and Single Failure
Point Summary
(SFPS)

_. A document that reflects how the redundancy requirements of the APDS
hardware and equipment were met, or identifies where they are not met along with an
explanation or rationale why.

In addition to functional effects of failures, the analysis shall identify the effects of individual
hardware failures on the function. Data elements required for individual FMEA analyses are
defined in Table RA2.2.

Table RA22. FMEA Data Elements.

1. FMEA IdentificationNumber

2. SubsystemName

3. LineReplaceableUnit (LRU) Name

4, LRU Part Number

5, Descriptionof Part UnderAnalysis

6. Reference Designators

7. Quantityof Like Items

8. Hardware Item FunctionDescription

9. Reference Documents

10. FailureMode

11. MissionPhase

12. Failure Mode Cause(s)

13. Failure DetectionMethod

14. CorrectingAction

15. FailureEffectsOn:

a. Subsystem
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b. Interfacing Subsystem

c. Mission

d. Crew, Vehicle, and Elements

e. Functional Criticality Effects

16. Approval Signatures

The Seller shall determine, and the Buyer shall approve, the functional criticality from Table

RA22A, and the hardware criticality from table RA22B. The Seller shall provide the following
additional data items described in RA22C for hardware items which are considered critical.

RA2.2 (Continued)

Table RA22A. Functional Criticality Definitions for Flight Hardware

CJ:ttJ.c,,_3J_ Potential Effect or Failure,

1 Single failure which could result in loss of
life or vehicle.

1R Redundant hardware item(s), all of which if
failed, could cause loss of life or vehicle.

2 Single failure which could result in loss of
mission.

2R Redundant hardware item(s), all of which if
failed, could cause loss of mission.

3 All others.

Table RA22B. Hardware Cdticality Definitions for Flight Hardware

Cdticality Potential Effect or Failure

1 Loss of life or vehicle.

2 Loss of mission or next failure of any
redundant item could cause loss of life or
vehicle.

3 All others.

Table RA22C. Additional FMEA Data Elements.

1. Design - Identify design features which minimize the probability of occurrence of the
failure mode and cause.
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2. Test - Identify specific test accomplishedto detect failure mode and causes during
acceptance test and certification tests.

3. Inspection - Identify specific inspection points that are included to determine that
specific failure modes causes are not inadvertently manufactured into the hardware.

4. Failure History - Provide information relative to the performance history of the
hardware item's failure mode.

PDRD NO. DESCRIPTION DUE DATE FREQ. BUYER
TITLE SUB. APPR REQ

RA24 Failure/Problem, 1) Telephone As No
Analysisand reportwithin24 hrs. required

CorrectiveAction A/FPO

Report 2) 010/A/FPO Yes

Reduirement. A documentthat providesa detailed descriptionof any failure or problem that
has occurredonce formal Acceptancetestinghas started. The reportshallincludea
descriptionof howthe failure or problemwas isolatedto the rootcause.The reportshall include
a recommendedcorrectiveactionto precluderecurrencealongwitha failure-effectassessment
and recommendationconcerninghardwarealreadyfabricated.

Once formal acceptancetestingis started, the Selleris requiredto issuean initialproblem
notificationbytelephoneto the Buyerwithin24 Hoursof occurrence.Thisnotificationisto
includeidentificationof the itemwhichfailed,the natureand symptomsof that failure,and the
test underwayat the time.

Uponevaluationbythe Buyer, the Sellerwillbe directedto proceedwithfailureanalysisor
hardwaredisposition,orboth. If hardwareanalysisis required,written10 day reportsare
required. Data Elementsrequiredfor these reportsare definedin Table RA24.

A final report is to includeupdatesof the 10-dayreportinformation,alongwiththe testhistoryof
the faileditem,a descriptionof the failureanalysisemployed,conclusionsdrawnfromthese
analyses,and finalcorrectiveactionplans.

The followingshall also be includedinthe final reportto meet contractrequirements:

1) A descriptionof the analysismethods,testequipment,and laboratorytechniques
employed.

2) Illustrationsand photographsas appropriate.

3) Conclusionsdrawnfrom theanalysis,including,whereapplicable,identificationof piece
parts whichaccounted for the cause of probleminthe higherassembly.

4) Correctiveaction, includingreferencesto appropriatedrawingsandspecifications.

Problemnotificationandreportingshallbe submittedthroughthe following:
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I
Reports shall be sent to: JSC PRACA Center

NASNJSC NS43/Bldg 17
Houston, Texas 77058

voice: Primary 713-244-1937
Secondary 713-244-1941

facsimile mail: Primary 713-244-1848
Secondary 713-244-1849

hours of operation: 8:00 a.m. - 4:30 p.m. Central, Monday thru Friday

Table RA24. Problem Report Data Elements

24 Hrs. 10 day
(telecon) report

1. Report number and date of Initiation x x
2. Date of problem detection, x x
3. Item under test/operation at time or detection (system, type, x x

model) drawing number, nomenclature, serial number, and
manufacturer.

4. Non-conforming time (lowest assembly level to which the x x
problem is attributable) part or model) number,
nomenclature, and manufacturer.

5. Test/operation being performed at time of detection including x x
manufacturing or test document number.

6. Type of problem; i.e., failure or unsatisfactory condition, x x
7. If failure - Type; i.e., primary or secondary x x
8. Symptom x x
9. Brief description of problem, including how the problem x x

occurred and comparison of expected events with detail
events (or results)

10. Location of item at time of problem detection (facility, work x
center, etc.)

11. Identification of the next higher subassembly of the time x
under test at time of detection (part number or model
number, nomenclature, and manufacturer)

12. Operational usage at time of problem detection (total x
time/cycle/miles).

13. Effectof problem in terms of (1) the performance of the next x
higher subassembly and (2) in terms of hazard potential

14. Test history describing the various test conducted on the item
before and after the problem occurred. Prior problem history
shall also be included.

Note: I = If Available
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

SA05 Plan, System Safety CDR 0/'rlME/R Yes

Reauirement. This System Safety Plan shall define the Seller'ssafety tasks required to support
the Buyer'scertificationto NASA that theAPDS is safe to flyon the Orbiterfor use in
performingthe ISSA Missions. These tasksshallincludesafety designrequirements
development]imposition,hazard analysis/riskassessmentand hazard controlrequirements
development,FaultTree Analysis,verificationof requirementsimplementation,designreview,
testand evaluationsupport,and reportingand documentation.

Reportingshall includeany:

1. discrepanciesfound in designcompliancewithsafety requirements,

2. status inthe APDS Program MonthlyProgressReport, PDRL AP02,

3. briefingthe statusof safety tasksand of APDS safety/hazardsat majorDesign
Reviews,

4. utilizingthe reportingsystemspecifiedin PDRL RA24 or itsequivalentto report
mishapsin whichAPDS hardwareis damaged.

..... Documentationshallincludedeliveringto the Buyer,as part of PDRL SA07, documentsand
data on any safety riskand hazard analysis/assessmentand hazard reportingperformedon
APDNAPDS, bothpriorto and duringthe NASNRSA contract.

The Plan shalldescribehowa safety-dedicated,singlepoint-of-contactshallbe responsiblefor
acquiring,compiling,and sendingsafety documentation,safety task status,and statusof
hardwarecompliancewithall safety provisionsand requirements,andfor performing
communicationswithhis counterpartat the Buyer'sfacility.

The Plan shalldescribethe scheduleof the safety tasksand their integrationwith tasksof other
functions.

The Plan shalldescribethe Seller's methodsto assureidentification,eliminationand/orcontrol
of potentialhazardswhichmay lead to injuryor lossof personneland/ordamage or lossof
flightequipment,or of mission-relatedfieldsupportequipment,throughoutthe completecycleof
the program.

An example of what is expectedin a SystemSafety Plan is attached.

EXAMPLE OUTLINE OF A SYSTEM SAFETY PLAN

1.0 Purposeand Scope

1.1 Purpose
1.2 Scope
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t
2.0 ApplicableDocuments

3.0 Safety Tasks Management

3.1 Planningand Managementof Safety Tasks
3.2 Safety Organization
3.3 Safety Interface Coordination

4.0 Safety Task Requirements(Tasksto be Completedand Processesto be Used)

4.1 Developmentand Impositionof Safety-DesignRequirements
4.2 Fault Tree Analysis
4.3 HazardAnalysisand RiskAssessment
4.4 Hazard Resolution(DevelopmentandApprovalof Hazard-Control

Requirements)
4.5 Verificationof RequirementsImplementation
4.6 Designand ProgramReview
4.7 Test and EvaluationSupport

4.7.1 Testingof CriticalEquipment
4.7.2 Hazardousor High-CostTests and Operations

4.8 Reportingand Documentation

5.0 ScheduleforTask Completion

6.0 Definitions

Note: The intent of this PDRD can be met by deliveringVolume I - Safety Plan of RSM-061
Safety & MissionAssurancePlanswhichare containedinthe data requirementssection
(J-2) of the NASA/RSA ContractNAS15-10110.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR REQ

SA07 Report, Risk Initial:030/P/PDR RJASR Yes
Assessment Final:030/P/CDR

irish. A RiskAssessmentReport (RAR) shall be prepared and submittedinaccordance
with theabove schedule. Thisreport contentandformatshallconform to theattached sample
Table of Contents. This reportshall includedocumentationand data on all design-tosafety
requirementsand hazard controlrequirementsleviedon APDNAPDS, bothpriorto andduring
the NASNRSA contract. This reportshallalsoincludedocumentationand data inmatrixformat
on all verificationof implementationof theserequirementson APDNAPDS, bothpriorto and
duringthe NASNRSA contract.

This reportshallincludethe resultsof all hazard analysesconductedto determine the
existence,severityand impactof specificsafety risksto personneland othersystemscaused
by theAPDS hardware,and associatedequipment, duringall ground,transportation,ferry
flight,assembly,testing,movement,storage,maintenance,and/oroperationof the APDS. All
hazards, includingthose resultingfrom failures, regardlessof systemor component
FORMM131-H-2REV9-87 7-17-98
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redundancy, shall be analyzed. In addition to hazards resulting from failures, those emanating
from normal or emergency equipment operations, environment, personnel error, design
characteristics, and credible accident scenarios shall be analyzed. Hazards resulting from
failure to meet program requirements and Single Failure Points (SFPs) shall be identified. The
analyses shall identify the necessary actions to eliminate or control any failures or malfunctions
that could independently or collectively present a hazard to interfacing hardware (e.g. ODS
Airlock, Orbiter, ISSA). All individual causes shall be listed along with the controls which are
applied to those causes. Controls and the methods of verifying the controls shall include
sufficient detail and explanation of design features, procedures, testing, inspection, and/or
analysis to clearly reflect critical controlswhichmitigatethe hazard and support rationalefor
hazard closure or acceptance of risk. All hazardous functions shall be identified and analyzed
to ensure that the system operates at an acceptable risk level. Worksheets documenting and
summarizing these hazard analyses shall be prepared in accordance with the attached Sample
Hazard Analysis Worksheets, and shall be included in the RAR.

This report shall includedocumentationand data on any safety risk and hazard assessments
and hazard reporting performed on APDA/APDS, both prior to and during the NASNRSA
contract. The corrective action taken or planned to eliminate or mitigate each risk shall be
described.
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SAMPLE TABLE OF CONTENTS

SECTION AP_&G_E
FOREWORD

1.0 INTRODUCTION

1.1 Background
1.2 Purpose
1.3 Scope
1.4 Definitions
1.5 References

2.0 SYSTEM DESCRIPTION

2.1 MissionDescription
2.2 IntegratedOrbiter/MIRSystem
2.3 AndrogynousPeripheralDockingSystem

2.3.1 DockingControlMissionKits
2.3.2 APDA
2.3.3 FlightSupportEquipment

3.0 SUMMARY OF ANALYSIS METHOD AND GROUNDRULES

3.1 Safety AnalysisMethod
3.2 Groundrulesand Assumptions

4.0 SUMMARY OF ANALYSIS FINDINGS

4.1 Applicabilityof Hazardsto APDS FlightEquipment
4.2 Fault Tree Analysis(an abstractof SA20 findings)
4.3 HazardAnalysis
4.4 RiskAnalysis

5.0 HAZARD STATUS

5.1 Open Hazard StatusSummary
5.2 CandidateAccepted RiskSummary
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SAMPLE TABLE OF CONTENTS (Continued)

APPENDICES PAGE

A. Qualitative Fault Tree Analysis (Top-Level diagram only, from SA20)

B. System and Operating Hazard Analysis Worksheets

C. Acronyms and Abbreviations

D. Hazard AnalysislFMENSchematic
Cross-References Matrix

E. ODS Hazard AnalysisClosure Log

F. New/UpdatedHazard Reports

G. SpecialAnalyses

H. GFE Safety StatementsandSafety AnalysisReports

I. Hazard ControlsTrackingLog(HCTL)
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SAMPLE LIST OF FIGURES

PAGE

Figure ODS General Arrangement

Figure OrbiterODS and Cargo Complement

Figure Orbiter/ISSADockedConfiguration

Figure ExternalAidocldTrussAssemblyConfiguration

Figure Orbiter AirlockAnd Adapter MissionKits

Figure DockingControlMissionKits

Figure APDA

Figure Hazard Applicability Matrix

Figure Potential Hazard List

Figure Risk Matrix
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SAMPLE HAZARD ANALYSIS WORKSHEETS

SSIMIR DOCKING SAMPLE HAZARD ANALYSIS (OHA)

OHA # DM1OHA08(F) Rev OriginalIssue
Operation Undocking Safety Engineer H.R. Hildreth Sign.
Task PerformRapidODS Isolation Project Engineer KoJ. Kelly Sign.
Subtask Close/SealHatches Date 11.15.94 Page 1of4
OrbiterMission STS - 71

Hazard: Lossof Abilityto Isolatethe ODS

Hazard Description: In theevent of a contingency�emergencyundocking,lossof pressurizationin the
ISSNODS/Spacelab/tunnels,or otheroff-nominalsituationrequiringrapidclosure/sealingof the ODS hatches,drag-through
hardware,includingair ductsand televisioncamera cables,willhave to be removedto permithatchclosure/sealingandpreventloss
of pressurizationinthe ISSNODS/Spacelab/crew cabinand lossof habitableatmosphere.

Potential Causes:

1. Failureto followprocedures
2. Inabilityto rapidly removehatch drag-throughhardware.
3. Inabilityto close/sealhatches.

RecommendedActions:

- NASA developanddocumenttrainingproceduresto ensurethat flightcrew personnelwill adhere strictly to
approved,safe procedureswhile executingrapidisolationof theODS from the ISSNSpacelabltunnelslcrew cabin

NASA developand documentoperationalproceduresfor flightcrew personnelto rapidlyisolatethe ODS from
the ISSNSpacelabltunnelslcrewcabin.
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SSIMIR DOCKING OPERATING HAZARD ANALYSIS (OHA)

OHA # DM1OHA08(F) Rev OriginalIssue
Operation Undocking Safety Engineer H.R. Hildreth Sign.
Task PerformRapidODS Isolation Project Engineer K, J, Kelly Sign.
Subtask Close/SealHatches Date 11.15.94 Page 2 of 4OrbiterMission STS - 71

HAZARD CAUSE EFFECT SEVERITY SAFETY CONTROL VERIFICATION LIKELIHOOD
RQMTS

Loss of 1. Failure to 1. Loss of crew 1.Catastrophic 1. 1.a Provide 1.a Analysisand 1. Improbable
Abilityto follow resultingfrom SSD92D0551, training approvalof training
Isolatethe procedures lossof ODS DRS: proceduresto proceduresand
ODS pressudzaUon - Paragraph ensurethat flight simulations.

in the 6.3.4.1.1 crew personnel
ISSNODS/Spa "Safety" will adhere
celablcrew stdctlyto
cabinandloss approved,safe
of habitable procedureswhile
atmosphere executingrapid

isolationof the
ODS formthe
ISSNSpacelab/
tunnels/crew 1.bAnalysisand
cabin, approvalof

operational
1.b Provide }rocedures.
operational
proceduresfor
rapidIsolationof
the ODS form
the
ISSA/Spacelab/
tunnels/crew
cabin.
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SSIMIR DOCKING OPERATING HAZARD ANALYSIS (OHA)

OHA # DM1OHA08(F) Rev OriginalIssue
Operation Undocking Safety Engineer H, R. Hildreth Sign.
Task PerformRapidODS Isolation Project Engineer K.J. Kelly Sign.
Subtask Close/SealHatches Date 11.15,94 Page 3 of 4
OrbiterMission STS - 71

HAZARD CAUSE EFFECT SEVERITY SAFETY CONTROL VERIFICATION LIKELIHOOD
RQMTS

Loss of 2. Inability to rapidly 2. Loss of crew 2.Catastrophic 2. 2. Designto 2. Review/analysisof 2. Remote
Abilityto removehatchdrag- resultingfrom SSD92D055 prevent hazards designdrawing#
Isolatethe throughhardware, lossof 1, ODS DRS: by providing TBD.
ODS (Ref. Integration pressudzatlon - Paragraph quick-

HazardReportSS- Inthe 3.2.4.2 disconnect
10) ISSNODS/Spa "Quick- capabilityforall

calab/crew Disconnect hatchdrag-
cabin andloss Capability" throughducts
of habitable 6.3.4.1.1 and cables.
atmosphere "Safety"
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SSIMIR DOCKING OPERATING HAZARD ANALYSIS (OHA)

OHA # DM1OHA08(F) Rev OriginalIssue
Operation Undocking Safety Engineer H.R. Hildreth Sign.
Task PerformRapidODS Isolation Project Engineer K.J. Kelly Sign.
Subtask Close/SealHatches Date 11.15.94 Page 4 of 4OrbiterMission STS - 71

HAZARD CAUSE EFFECT SEVERITY SAFETY CONTROL VERIFICATION LIKELI- I
RQMTS HOOD

Loss of 3. Inability to 3. Loss of crew 3. Catastrophic 3. 3.a Designto 3.a Review/analysisof 3. Improbable
Abilityto close/seal resultingfrom SSD92D055 preventhazards, designdrawing# TBD.
Isolatethe hatches. (Ref. lossof 1, ODS DRS: Factorof safety Performload analysis.
ODS Integration pressudzation - Paragraph forhatch

Hazard Report inthe 3.3.1.3.8/ mechanismsIs
SS-10) ISSA/ODS/Spa 6.3.3.1.3.11 1.4 orgreater.

celab/crew "Sealsand

cabinand loss Sealing 3.b Provide 3.b Reviewof failure
of habitable Devices" failuretolerance history,failuretolerance
atmosphere 6.3.4.1.1 through analysis, and FMEA.

"Safety" redundancy.

3.c Select 3.c Review and approval of
matedalto matedalselectionand
preventgalling application,inspectionby

Matedals Branch.

3.d Periodic 3.d Reviewof OMRSD
inspectionper inspectionreports. (Ref.
OMRSD. ORBI-269, Crew Module

Seal ExternalLeakage)

__J
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SA20 Report, Fault Tree 1 June, 1995 Quarterly Yes

Analysis (every 3 months)

Reduirement. A document that depicts in a qualitative graphical and logical representation, the
various combinations of possible events, both fault and normal, which can occur in the APDS
and which can cause a pre-defined undesired event. An undesired event is any event which is
identified as objectionable and unwanted, such as a potential accident, hazardous condition, or
undesired failure mode. These events shall include but not be limited to: (1) inability to perform
docking, (2) potential collision between the Orbiter and ISS during docking, (3) inability to
separate Orbiter from ISS, and (4) loss of habitable environmental pressuring during IVA. This
graphic presentation exposes the interrelationships of system events and their dependence
upon each other, which may result in the occurrence of the undesired event. The fault tree
shall be developed using formalized deductive logic and to the lowest level required to
adequately define the undesired event.

The seller shall utilize the Fault Tree Analysis software and key provided by NASA to develop
the required fault tree.

_- Fault Tree Analysis shall address differences by mission due to:

1) Hardware differences

2) Operations differences.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SE03 Drawingsand

AssociatedLists

(a) PreliminaryDesign 014/P/PDR R/ASR No
Drawingsincluding 014/P/CDR
Schematicsand (Note 1)
DrawingTree

(b) Hardware Product 000/W/REL R/ASR No
Drawingsincluding (Note 2)
Schematics/
AssemblyLevel

(c) BelowAssembly 72 hrs/A/RON As required No
Level Detail (Note 3)
Drawingsincluding
Schematics
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER

TITLE SUB. APPR
REQ'D

(d) Revision History 010/A/RON R/ASR NoFile

(e) Box to Box 15 days after Yes
Interface diagram contract go-ahead
showing all I/F Pins

(f) Preliminary system 15 days after Yes
Level Schematics Contract go-ahead

(g) Update System at PDR Yes
Level Schematics

(h) FinalSystemLevel 60 days priorto Yes
Schematics CDR

(i) RetrofitKit 000/W/REL R/ASR No
Drawings/
Instructions

(j) IllustratedParts 000/W/REL RJASR Yes
Breakdown (IPB) (Note 4)

(k) Geometric Math at PDR P-JASR YesModel

(These data itemsshall be made available to Buyer prior to kit delivery for acceptance.)

iJ___. The Sellershall prepareengineeringdata in formssuitablefor recordingdesigns
developedfor thisspecificationfor flighthardware,brassboardhardware,and the FSE definedinAppendixXl.

Notes 1. DrawingTree - A drawingtree so arrangedthat the next lowerassemblyor
part drawingsare identified.

2. Limitedindenturedlevelsof ProductDrawingsshallbe deliveredto the Buyer
as specifiedinBuyer'sapprovedSCBD (referenceCM03) subsequentto
baseline/releaseand priorto itemdelivery.

3. Drawingsbelowthe assemblyleveland not listedinCM03 shallbe required
uponrequestonly (Type III data). Underemergencyconditions,Seller shall
submitall requireddrawingswithin72 hours.

4. Requirementsfor the IPB shallbe identifiedandvalidatedthrough
maintenanceanalysisconductedby the Buyer.
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SEO6A StructuralAnalysis 45 days prior to _ASR No

and Fracture design release
Mechanics

Analysis Report

Reauirements To identify structural component margins of safety, fracture critical candidates
and cdtical design conditions on the end item.

Notes: The report shall include as a minimum:

1. A display of the stress margin of safety summarized for the end item.

2. Analysis data for each structural component including a sketch of the
component, descriptions of the critical load condition and the analysis
method,marginof safety, and identificationof the criterioncondition.

3. The fracture-mechanicsanalysisshallincludethe anticipatedloadhistory,
the loadsspectra, the materialcrack-propagation-ratedata, the stress-
intensityrelationshipwhichdescribesthe local stressfield, cracksize, crack

.... morphology,andthe geometry of the structure.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SE08 ElectricalPower (Note) R/ASR Yes

RequirementsData

Reauirement. The sellershallprepareelectricalpowerrequirementsdata forevery component
furnishedinaccordancewiththisspecification.

Notes: 1. Electricalpowerconsumptionof each itemof flighthardwareof thiscontract,
includingindividualinterfacepinsare requiredby the Seller. The specific
functionof individualinterfacepinsshallalsobe identified.

2. 000/W/PRPL, 014/P/CDR, and 030/NTST. When programdoesnot require
CDR, submittaldateswill be 000/W/PRPL, 060 days priorto releaseof
productiondesign,and 030/A/TST.

SE10 Deleted

SE23 DELETED
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PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

TM02 CertificationPlan Initial: PJASR Yes *
030/P/PDR

Final:
030/P/CDR

* Buyer will approve or disapprove within45 days after authority to proceed or 45 days afterreceipt of revision notification.

- The Seller shall provide the following data in the Certification Plan:

1. Design Certification Matrix. Data to be provided by the Seller on the matrix is:

a. All applicable APDS mechanical and avionics hardware as identified in Section 3 of
the basic specification.

b. All applicable environmental parameters from Section 3 of the basic specification
identified by specification paragraph number.

c. Summary of the available data, used to satisfy certification requirements, that exists
for the hardware being procured, including test levels, duration, measured or
monitored parameters.

d. A description, by specification paragraph number, of how the available data satisfies
the Section 3 requirements, or the action suggested or recommended in order for
the hardware to meet the specified requirements.

2. The plan shall provide detail description of all certification activities which include

qualification tests, analysis and simulations planned. The plan shall define the logic and
approach and schedules planned for satisfying the certification requirements.

3. The plan shall provide a description of the Seller's traceability activities. Traceability
shall be accomplished by assigning a traceability identification to traceable items and
major components as identified in the Section 3 of the basic specification and by
providing a means of correlating each to its historical records. Conversely, the records
must be traceable to each item/major component.

4. The plan shall address the following certification/reliability programmatic requirements:

4.1 Reliability Design Requirements. Provide documentation including numerical
studies to identify the APDS processes that vedfy that the reliability of the APDS
hardware meets the reliability requirements of this specification.

4.2 Problem Reporting And Corrective Action System. Provide documentation to
make known the APDS reliability process for control, reporting, analysis,
correction, and prevention of APDS hardware failures and deliverable items during
and subsequentto acceptance testing.
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4.2.1 Problem Analysis. Provide documentation to make knownthe APDS reliability
process for failure analysis and problem correction.

4.2.2 Corrective Action. The APDS program shall implement corrective action to
prevent recurrence of failures when the analysis reveals the causes to be within its
control. A problem report shall be considered closed when corrective action has
been implemented. Notification of corrective action for all failures and problems
shall be on a close-out Problems Analysis Report. Corrective actions which result
in a change to configuration baseline documentation shall be processed in
accordance with the configuration management system.

4.2.3 Electrical And Mechanical Parts Control. Provide documentation to make known
the APDS process for controlling selection, reduction in number of types,
specification, application reviews, analyzing failures, stocking and handling
methods, installation procedures, and establishing reliability and quality
requirementsof electrical and mechanical parts.

M_. The planshall be maintainedcurrentby page revisionor completere-issue,
whicheveris mosteffective,to reflectall approvedprogramchanges.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
TM06 Reports, Test and 030/A/TST (Test) R/ASR Yes

Analysis(Certification) 030/P/CDR
(6-27-73) (Analysis)

Reauirement. (a) For each LRU there shall be an AcceptanceTest Procedurethat describes
what testsare to be accomplished,the test sequence,how each paragraphof theAT
requirementsof the specificationwillbe satisfied,and howthe test is to be set up and
accomplished,alongwiththe parametersto be monitoredor measured,with pass-failcriteria.

(b) There shallbe a QualificationTest Procedurefor each LRUto be subjectedto a
Qualificationtest. The procedureshalloutlinewhat testsare to be accomplished,the test
sequence, how each paragraphsof thequalificationtest requirementsof the specificationwill
be satisfied,and a descriptionof howthe test is to be set up and accomplished,alongwiththe
parametersto be monitoredor measured,with pass/failcriteria.

(c) There shall be a QualificationTest Reportfor each itemthat was subjectedto a formal
Qualificationtestsequence. This reportshallprovidea summaryof the testsperformed, their
results,and identificationby specificationparagraphnumberof whichqualificationrequirements
of the specificationhave beensatisfied. The reportshallalsoincludethe detailedtestdata with
a QualifyControlor Inspectionbuy-offstamp.

TM09 DELETED

TM10 DELETED
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]
PDRD NO. DESCRIPTION DUE DATE FREQ BUYER

TITLE SUB. APPR
REQ'D

TM11 Procedures, 030/PfTST R/ASR Yes
Qualification,
Acceptance Test

iE__. The Seller shall provide information to evaluate Seller's acceptance test
procedures and qualification test procedures.
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Appendix xvi

160. ANDROGYNOUS PERIPHERAL DOCKING ASSEMBLIES
FOR INTERIM CONTROL MODULE

160.1 SCOPE

This appendix defines requirements for an active and a passive Androgynous Peripheral
Docking Assembly (APDA) and other elements of an Androgynous Peripheral Docking System
(APDS) for use with the Interim Control Module (ICM) in the International Space Station (ISS)
program for docking to FGB. Also defined herein are requirements for testing and for data
submittal.

160.2 APPLICABLE DOCUMENTS. The requirements of Section 2 apply.

160.3 REQUIREMENTS. The requirements of Section 3 apply, except as follows:

160.3.1 Item Definition.

Figure 1 is an illustration of the flight configuration showing the ICM berthed with the Orbiter.
The central volume of the ICM is unpressudzed; each APDA has a dome and seals to provide
pressure integrity from the Orbiter aidock through the passiveAPDA to its dome and from the
FGB through the active APDA to its dome. The following elements in this configuration are
covered by this appendix:

(1) MC621-0087-7002 Androgynous Peripheral Docking Assembly (active)
33U.6201.008-11

MC621-0087-8002 Androgynous Peripheral Docking Assembly (passive)33U.6201.008-12

(2) MC621-0087-0020 PyrotechnicReleaseDevices

(3) SLIYu 374511.022 ICM PigtailCables

APDA -7002 (Active) shall include the structure and guide ring;and the capture-latch,
structural-hook and extendlretractlattenuation mechanisms. This active APDA shall be capable
of providing structural compliance with six degrees of freedom and shall have pyrotechnic
release devices for the structural hooks. Figure 160-2 shows the configuration of APDA -7002.

APDA -8002 (Passive) shall include the structure and stationary guide ring, and the passive
structural-hook mechanism. The -8002 APDA shall not have pyrotechnic release devices for
the structural hooks. Figure 160-3 shows the configuration of APDA -8002.

m
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160.3.1.1 Subsystem Definition

The APDAs consistof the followingsubsystemsand features:
a. APDA-7002 (reference Figure 160-2)

1. Structural Hook Mechanism with both active and passive hooks.
2. Structure (Base with Interface Seals, and Guide Ring)
3. Resource Electrical Connectors (X3 and X4 operational, Xl and X2 not operational

but with metal caps)

4. Indicators, Undocking Sensors, Temperature Sensors, Hook-Status Sensors,
Capture Sensors, Ready-to-Hook Sensors, and Pressure Sensors

5. Heaters
6. Pushers
7. Capture-LatchMechanism

8. Mechanismfor extensionand retractionof the ringand attenuationof loads
9. PressureDomewithSeals

10. PyrotechnicRelease Device forActiveHooks

The pyrotechnicreleasedevice is addressedas a separate LineReplaceableUnit in
AppendixXll.

11. ProvisionsformountingtwoTV camerasand two lights
12. Feedthroughconnectorsfor cameras and lights
13. Provisionsfor mountingCrosshairTarget for "IV Camera Alignment

b. APDA-8002 (referenceFigure160-3)
1. StructuralHookMechanismwithonlyPassiveHooks
2. Structure(Basewith Seals,and StationaryGuide Ring)
3. ResourceElectricalConnectors(X3 andX4 operational,Xl andX2 not operational

but withmetal caps)
4. Pushers
5. DockingTarget
6. PressureDome withSeals
7. No sensorsrequired.

160.3.1.1.1 FunctionalDefinition.

a. APDA -7002 shall:

1. Capture the passiveAPDA body-mountedcapture latches.
2. Attenuate dockingloads duringcaptureand attenuation,and limitthe relativevehicle

motions.

3. Align,structurallyattach, and seal theactive to passiveAPDAs.
4. Allowfor terminationof dockingoperationsandseparationof vehiclesat any pointin

the dockingprocess,and notpreventthe rematingof thevehiclesduringthe samemission.
5. Allowfor resource transferbetweenvehicles.
6. Providefor the dematingof the spacecrafts.

b. APDA-8002 shall:

1. Alignandallowstructuralattachmentof theactiveto passiveAPDAs.
2. Seal active andpassiveAPDAs byuse of passivehooks.
3. Allow for resource transfer between vehicles.
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160.3.1.2 Interface Definition

160.3.1.2.1 Electrical Power Characteristics. The requirementsof paragraph 3.1.2.1applyexcept as follows:

160.3.1.2.1.1 Electrical Interface and Connectors. The electrical interfaces to the ICM APDA
-7002 shall be in accordance with Figures 160-2 and 160-3. Connectors and pin assignments
at these interfaces are shown in Tables 160-9 and 160-10.

160.3.1.2.1.2 Resource-Transfer Umbilicals.

160.3.1.2.1.2.1 Mounting and Pin Assignments. The four resource-transfer umbilicals Xl
through X4 shall be mounted along the external surface of the APDA structure (base) per
Figures 160-2 and 160-3. The resource-transfer pin assignments and functions for the -7002
and -8002 APDAs shall be as shown in Tables 160-11,160-12, 160-13 and 160-13a. The
power transfer design requirements of Xl and X2 shall be in accordance with Figure 20-D, E for-8002.

160.3.1.2.1.2.2 Engagement and Disengagement. The connectors shall be engaged and
disengaged by operation of the mechanism. The pins shall be disengaged prior to completion
of structural-hook opening.

160.3.1.2.2 Mounting. The mounting provisions of the APDAs shall be as shown in Figures160-2 and 160-3.

160.3.1.2.3 -8002 APDA-to-ICM Interface. The interfacing of the -8002 APDA and the ICM
shall be in accordance with Figure 160-3.

160.3.1.2.4 -7002 APDA-to-FGB Interface. The interfacing of the -7002 APDA and the ICM
shall be in accordance with Figure 160-2.

160.3.1.2.5 Active-APDA-to-Passive-APDA Interface. The active and passive APDAs shall
be designed to mate under the loads, relative velocities, and relative misalignments of Tables160-4 and 160-5.

160.3.1.2.6 Pressure. The requirements of 20.3.1.2.6 apply except that the articles here
include pressure-dome seals rather than hatch seals:

a. APDA-7002:
1. pressure-dome interface seals
2. mating seals

b. APDA-8002:
1. pressure-dome interface seals
2. mating seals
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160.3.1.3 Item Identification. The APDA and pyrotechnic subassembly shall be identifiedas
follows:

Active APDA MC621-0087-7002 33U.6201.008-11 LRU
Passive APDA MC621-0087-8002 33U.6201.008-12 LRU
Pigtail Cables SLIYu 374511.022
Pyrotechnic Release Device ( S e e A p p e n d I x X 1I )

160.3.1.3.1 Cable Set Identification. The requirements of 130.3.1.3.1 apply.

160.3.2 Characteristics

160.3.2.1 Performance Characteristics

The ISS 2A.1 mission is defined as: The ICM is launched as a payload in the Orbiter. The ICM
is removed from the payload bay by the Remote Manipulator System (RMS) and is berthed to
the ODS. After structural attachment to the ODS is achieved, the APDS Switching System
(reference Appendix 14) is placed in the ICM position to control the active -7002 APDA on the
ICM. The ODS/ICM stack is then docked to the aft axial port of the FGB. After ICM to FGB
structural attachment is achieved, the APDS Switching System is placed back to the ODS
position. The ODS is then undockedfrom the ICM and the Orbiter maneuvers to dock with

PMA 2. After structural attachment with PMA 2, the Orbiter's crew ingress's the ISS assembly
to the ICM -7002 and retrieves the docking camera/lights.

The ICM is then ready to perform the required operations, and upon completion of the ICM
design tasks, the ICM undocks from the ISS and de-orbits. The following are detailed
performance requirements of the ICM docking system.

a. The APDA functionsshallprovide the means to connectand disconnectthe activeand
passivedockingmechanisms.

b. APDA-7002 shallprovidethe abilityto transmitdata fromthe ICM to the FGB. APDA -
8002 shall providethe abilityto transmitvideofromthe Orbiterto the ICM.

c. Sequencingof APDA functionsmay be automatedfrom initialcontact untilfull dock;the
automatedsequence,however,shallbe able to be interruptedat any point. Subsequent
to interruption,the sequenceshallbe able to be completedmanuallyor terminated
manually. Interruptionof the automatedsequenceshallnot preventrematingto the FGB.

d. Means shall be providedto monitoroperationsand safety-cdUcalfunctionsand to check
outand verifysystems. The resultingdata shallbe availablefor use by bothflightcrew
andgroundoperations.

e. APDA -7002 active hooksshall be capableof beingcontrolledOPEN and CLOSED from
the ICM avionics,onlyfor undockingfrom the FGB (referenceFigure160-4). Telemetry
will be providedfrom the -7002 to indicatethe actuatorCLOSED discretestatus.

f. APDA -7002 pyrotechnicboltsof theactive hooksshallhave the capabilityof being
initiatedfrom the ICM avionics(reference Figure160-4). The boltswillbe fired six at a
time,with a maximumof 100 millisecondsbetweenfirings. The totaltimerequiredfor
firingsis lessthan 150 milliseconds.Each firingcommandshall initiatetwo separate
pryotechnicboltbridgewiresin parallel(reference Figure160-6).

160.3.2.1.1 Life
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160.3.2.1.1.1 Operating Life

a._ The -7002 APDA shall be capable of performing all of the applicable
operations specified herein with maintenance for a minimum of the following cycles.
Interface seals may be replaced after each mission.

On-Orbit Vacuum Cycles 3
Ground No-Load Cycles 9
Ground Load Cycles 2

b. -.8_0_Q2_.._,__3.The -8002 APDA shall be capable of performing all of the applicable
operations specified herein with maintenance for a minimum of the following cycles.

On-Orbit Vacuum Cycles 30
Ground No-Load Cycles 9
Ground Load Cycles 2

The hardware to which this requirement applies is that used for a nominal docking,
including the passive structural hooks, the structure (base with seals and stationary
guide ring), the resourceelectricalconnectors,and pushers.

c. P_J.gtaJl_C,&tl3_.The requirements of 130.3.2.1.1 apply.

160.3.2.1.1.2 Useful Life. The APDA shall have a minimum useful life of the operating cycles
specified in 3.2.1.1.1 which are equivalent to the following.

a. -7_.0_g23E.D_Three Orbiter missions in a five-year life without maintenance.
b. _ Three Orbiter missions in a five-year life without maintenance.

An Orbiter mission is defined as including all applicable operations and environments including
launch, on-orbit, and landing phases.

160.3.2.1.1.3 Shelf Life. The APDAs shall be capable of operating in accordance with the
requirements herein any time within a period of five years from the date of delivery when
exposed to the applicable environments of 160.3.2.5.

160.3.2.1.1.4 Pyrotechnic Release Devices. Unique service-life requirements for pyrotechnic
release devices are given in Appendix Xll.

160.3.2.1.2 CG and Moment of Inertia. The center of gravity (CG) of the mechanisms shall
be determined in three axes from a defined reference datum shown in Figures 160-2 and 160-3.
The moments of inertia shall be calculated about the CG of the APDA.

160.3.2.1.3 Forces, Moments and Dynamic Excursion Limit. The APDA shall limit the mating
forces, moments and dynamic excursions at the interface to those defined inTable 160-4with the
spacecraft mass propertiesdefined in Tables 160-6and 160-7.

160.3.2.1.4 Vehicle Undocking. The four separation plungers (two on each system) shall
induce an initial separation force of 250 kgf (551 Ibs) minimum and 270 kgf (595 Ibs) maximum.
To demate, the work (energy) appliedshall be between4.0 kgf-m(28.9 ft-lbs)and 4.3 kgf-m (31.1ft-lbs).
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160.3.2.2 PhysicalCharacteristics. The requirements of 20.3.2.2 apply except as follows:

160.3.2.2.1 Envelopes. The envelope of the APDAs shall not exceed the dimensions shown
in Figures 160-2 and 160-3.

160.3.2.2.1.1 Interface Hardware

160.3.2.2.1.1.1 Resource-Transfer Umbilicals. The envelope of the resource-transfer
umbilicals shall not exceed the dimensions shown in Figures 160-2 and 160-3.

160.3.2.2.1.1.2 Laser Reflector. Deleted.

160.3.2.2.1.1.3 Docking Target. The envelope of the -8002 APDA Docking Target shall be as
shown in Figure 160-3.

160.3.2.2.1.1.4 Pigtail Cables. The envelope dimensions shall be as shown on Figure 160-5.

160.3.2.2.2 Weight. The weight of the resource-transfer umbilicals, panels, and mounting
hardware shall not exceed 9.1 kgf (20 Ibs). The weight of the APDAs, not including the
resource-transfer umbilicals, shall not exceed the following:

a. -7002 APDA: 310.0 kg
b. -8002 APDA: 210.0 kg

160.3.2.2.3 Strength. The APDA shall have adequate strength and stiffness at the design
temperature to withstand limit loads and pressures without detrimental yielding and ultimate
loads and pressures without failure. The load combinations are defined in Table 160-4. The
APDA shall exhibit a minimum margin of safety equal to zero.

160.3.2.2.4 Factors of Safety. The requirements of 20.3.2.2.4 apply.

160.3.2.2.5 Fracture Control. The requirements of 20.3.2.2.5 apply.

160.3.2.2.6 Fatigue. The requirements of 20.3.2.2.6 apply.

160.3.2.2.7 Creep. The requirements of 20.3.2.2.7 apply.

160.3.2.2.8 Insulation Resistance. The requirements of 20.3.2.2.8 apply.

160.3.2.2.9 Dielectric Strength. The APDA shall be capable of withstanding 200 Vac between
any isolated circuit and the case or enclosure for one second. There shall be no arc-over or
leakage greater than 100 milliamperes. The Seller's installation drawing and other applicable
documentsshall includeany necessarycautionnotesregardingdielectricor other test voltages
with regardto connectedterminals,terminalsacrosscapacitors,integratedcircuits,
semiconductorsand otherpolaritysensitivedevices. Buyermustapproveany variationwith
this requirement.

160.3.2.2.10 ExteriorSurface Finish. The requirementsof 20.3.2.2.10 apply.
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160.3.2.2.11 Cycle Definition. For purposes of life certification,as defined in 20.3.2.1.1, one
APDA cycle is defined to include one capture latch operational cycle (per 20.3.2.2.12.1.6), one
structural hook operational cycle (per 20.3.2.2.12.2.8), and one attenuation mechanism
operational cycle (per 20.3.2.2.12.3.12).

160.3.2.2.12 Subsystem Requirements. The following sections describe the requirements of
each mechanical subsystem as an installed subsystem of the APDA.

160.3.2.2.12.1 Capture-Latch Mechanism of APDA -7002. The requirements of
20.3.2.2.12.1 apply, for APDA-7002 only.

160.3.2.2.12.2 Structural Hook Mechanism.

a. -7002 APDA

Each of 12 hook locations shall have a passive and an active hook. The structural hook

mechanism shall consist of twelve hooks driven in two sets of six hooks comprising
alternate hooks. Each set is driven with an actuator with redundant motors powered
througha pulley andcable systemto thehooks. Each actuatorshall consistof redundant
motorsdrivingthe outputthrougha reductionunit. The redundantmotorsshalloperate
concurrentlyand failureof e_er motorshallnotaffectthe outputtorqueor theoperationof
the remainingmotor,butthe actuator rate may be reducedby 50%. APDA -7002 only
shallhave the capabilityto releaseonlyactive hookspyrotechnically(ReferenceAppendix
Xll). Each active hookshallbe equippedwitha microswitchcapable of indicatingthe
closedpositionof the hook.

b. -8002 APDA

Each of 12 hook locationsshallhave one passivehook. The -8002 APDA shall have no
pyrotechnicdevicesand no sensorsof any kind.

160.3.2.2.12.2.1 Load/Stroke. The requirementsof 20.3.2.2.12.2.1 apply to APDA -7002/-
8002, with mated loadsas shownin Table160-5.

160.3.2.2.12.2.2 LimitLoad. The requirementsof 20.3.2.2.12.2.2 applyto APDA -7002/-8002
with mated loadsas showninTable 160-5.

160.3.2.2.12.2.3 UltimateLoad. The requirementsof 20.3.2.2.12.2.3 apply to APDAs -7002and -8002.

160.3.2.2.12.2.4 Stall/Maximum Load. The requirementsof 20.3.2.2.12.2.4 apply to APDA -7002.

160.3.2.2.12.2.5 AidingLoads. The requirementsof 20.3.2.2.12.2.5 applyto APDA -7002.

160.3.2.2.12.2.6 Irreversibility.The requirementsof 20.3.2.2.12.2.6 applyto APDA -7002.

160.3.2.2.12.2.7 Speed/Rate. The requirementsof 20.3.2.2.12.2.7 applyto APDA -7002.
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160.3.2.2.12.2.8 Operational Cycles. The requirements of 20.3.2.2.12.2.8 applyto APDA-7002.

160.3.2.2.12.2.9 Mechanical Stops. The requirements of 20.3.2.2.12.2.9 apply to APDA -7002.

160.3.2.2.12.2.10 Pyrodevices. APDA-7002 shall be equipped with pyrodevices.
Pyrodevices shall assure emergency undocking for all 12 active hooks. Reference
requirements of Appendix XlI.

160.3.2.2.12.3 Extend/Retract and Attenuation Mechanisms. The requirements on APDA-
7001 in 20.3.2.2.12.3 apply to APDA -7002 here.

160.3.2.2.12.3.1 System Stiffness and Damping Charactedstics. The requirements of
20.3.2.2.12.3.1 apply, with the performance requirements of Table 160-4 here.

160.3.2.2.12.3.1.1 Axial Slip Clutch. The requirements of 20.3.2.2.12.3.1.1B apply.

160.3.2.2.12.3.1.2 Shock Spring. The requirements of 20.3.2.2.12.3.1.2 apply.

160.3.2.2.12.3.1.3 Deleted.

160.3.2.2.12.3.1.4 Initial Position. The initial position of the -7002 APDA shall meet the
--_ requirements of Figure 160-2.

160.3.2.2.12.3.1.5 Guide Ring Dampers. The requirementsof 20.3.2.2.12.3.1.5B apply.

160.3.2.2.12.3.1.6 Guide Ring CenteringSpring. The requirementsof 20.3.2.2.12.3.1.6B
apply.

160.3.2.2.12.3.1.7 High Energy Dampers. The requirementsof 20.3.2.2.12.3.1.6B apply.

160.3.2.2.12.3.2 Load/Stroke. The requirementsof 20.3.2.2.12.3.2 apply,under the nominal
operatingloadsof Table 160-4 here.

160.3.2.2.12.3.3 MaximumAngleof Rotation. The requirementsof 20.3.2.2.12.3.3 apply.

160.3.2.2.12.3.4 RotationalAppliedContactand Return Moments. The requirementsof
20.3.2.2.12.3.4B apply.

160.3.2.2.12.3.5 ParallelAppliedContactand ReturnForces. Contactand return forces
parallelto the interfacesurfacesshallbe:
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Direction of YT axts Direction of ZT axis
Guide Applied Return Applied Return
Ring Contact Force Contact Force
Displacement Force

kgf Force kgf
kgf kgf

Prior to Sensor 55+_25 50-z_15 55+15 50_+15Initiation *

50 ,H, 110+30 90+_25 110+30 90+_25

100 mm 190+50 160_+50 180+50 160_+40
• Note: Sensor initiation to be at 8 mm maximum

160.3.2.2.12.3.6 Limit Load. The requirements of 20.3.2.2.12.3.6 apply, using the velocitiesand misalignments of Table 160-4 here.

160.3.2.2.12.3.7 Ultimate Load. The requirements of 20.3.2.2.12.3.7 apply.

160.3.2.2.12.3.8 StalllMaximum Load. The requirements of 20.3.2.2.12.3.8 apply.

160.3.2.2.12.3.9 Aiding Loads. The requirements of 20.3.2.2.12.3.9 apply.

160.3.2.2.12.3.10 Irreversibility. The requirements of 20.3.2.2.12.3.10 apply.

160.3.2.2.12.3.11 Speed/Rate. The requirements of 20.3.2.2.12.3.11B apply.

160.3.2.2.12.3.12 Operational Cycles. The requirements of 20.3.2.2.12.3.12 apply.

160.3.2.2.12.3.13 Mechanical Stops. The requirements of 20.3.2.2.12.3.13 apply.

160.3.2.2.12.3.14 Ring Rotation Moment. The requirements of 20.3.2.2.12.3.14 apply.

160.3.2.2.12.3.15 Fixers. The requirements of 20.3.2.2.12.3.15 apply.

160.3.2.2.13 Commands and Indications. The APDAs shall be designed to respond to the
commands in Table 160-1.APDA -7002 shall be designed to provide the positionindicationslisted in Table 160-1.

160.3.2.2.15 Deleted.

160.3.2.2.16 Optical Properties. The requirementsof 20.3.2.2.16 apply.

160.3.2.2.17 Capture-Latch Heaters. The requirements of 20.3.2.2.17 apply to APDA -7002.

160.3.2.3 Reliability. The requirements of 3.2.3 apply except that for the ICM the APDAs
shall be single-failure-tolerant for both docking and undocking.

160.3.2.4 Maintainability. The requirements of 3.2.4 apply.
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Table 160-1. Command and Indication Requirements for APDA-7002
COMMAND ,F=_V_E_N.I

Ring Out Extend capture ring to initial position or final position
Ring In Retract capture ring to final position
Open Hooks Open structural hooks (System 1 & 2)
Close Hooks Latch structural hooks (System 1 & 2)
Open Latches Open capture latches to release position
Close Latches Latch capture latches to ready-to-capture position
Fixer Off Unlock fixers (five ballscrew-and-nut differentials)
Active Hooks Fire Initiates pyros for 12 active hooks

EVENT
Ring Initial Position Capture ring ready to dock
Ring Final Position Capture ring retracted. Final position sensors shall initiate if

interface surface of ring is 4.5 + 3 mm lower than seal interface
of assembly.

Ring Aligned Capture ring centered ( five sensors aligned)
An 8 mm deflection or l°18 ' rotation of the guide ring from the
initial position, fixers off, parallel to the seal interface in any
direction shall actuate one of the misalignment sensors.

Ring Forward Position Capture ring extended
Hooks 1 Open Structural hooks open (System 1, six hooks)
Hooks 1 Closed Structural hooks closed (System 1, six hooks)

--- Hooks 2 Open Structuralhooks open (System2, six hooks)
Hooks 2 Closed Structural hooks closed (System 2, six hooks)
Hook Closed Position Verifies closure of each active structural hook
Indicator

Latches Retracted Capture latches ready to capture (three latches)
Latches Extended Capture latches released (three latches)
Latches Extended Capture latches manually released
(Manual)

Fixer Off Fixers (five ballscrew-&-nut differentials) unlocked
Ready To Hook Seal interfacewithinreach of structuralhooks
UndockingComplete UndockingComplete
Interface Sealed Structuralseal compressed
Initial Contact Signal from any one of five alignment sensors
Capture Contact sensors on ring actuated
Linear Translation Linear translation of guide dng
Temperature Sensors Monitor temperature of various components

160.3.2.5 Environments. APDA requirements of 3.2.5 apply, with the following
correspondences:

Requirementson -7001 in JSC 26938 applyto -7002 here.
Requirementson -8001 in JSC 26938 applyto -8002 here.

160.3.2.6 Transportability.The requirementsof 3.2.6 apply.

160.3.3 Designand Construction.The requirementsof 3.3 apply.
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160.4. QUALITY ASSURANCE PROVISIONS

160.4.1 General Requirements. The requirementsof 4,1 apply,

160.4.2 Quality Conformance. The requirementsof 4.2 apply.

160,4.2.1 Development. The requirementsof4.2.1 apply,

160,4.2.2 Acceptance.

a. APDA, The requirementsof 20.4.2.2 apply,withthe inspectionsand testsof Table 160-2here,

b, PigtailCables.The requirementsof 130.4.2.2 apply.

c, PyrotechnicRelease Devices.The requirementsof 120.4.2.2 apply.

160.4.2.2,1 Examinationof Product. The requirementsof 20.4.2.2.1 apply.

160.4.2.2.2 ElectricalCircuitVerificationTest. The requirementsof 20,4.2.2.2 apply.

160.4.2.2.3 ElectricalInsulationResistanceTest. The requirementsof 20.4.2.2.3 apply,

160.4.2.2.4 DielectricStrengthTest. Test each electromechanicaldeviceat the component
level (subassemblyleveltestingis acceptable)to 200 Vac from case or enclosureto any circuit
and between mutuallyinsulatedpartsfor one second. Verify no arc-overor leakage greater
than 100 milliamperes.

160.4.2.2,5 FunctionalPerformanceTests

160.4.2.2.5.1 Guide RingTest. The requirementson APDA-7001 in20,4.2.2.5,1 applytoAPDA-7002 here.

160.4.2.2.5.1.1 No Back Functional. The requirementsof 20.4.2.2.5.1.1 apply to APDA -7002here.

160.4.2.2.5.2 Fixer Test. The requirementsof 20.4.2.2.5.2 apply to APDA -7002.

160.4.2.2.5.3 InterfaceSensorTest. The requirementsof 20.4.2.2.5.3A apply to APDA -7002.

160.4.2.2.5.4 StructuralHookTest. The requirementsof 20.4.2.2.5.4 apply to APDA -7002.
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Table 160-2. APDA Acceptance Requirements

InspectionandTest Seauence P_
-7002 -8002

Examination of Product 160.4.2.2.1 x x
Electrical Circuit Verification 160.4.2.2.2 x x
ElectricalInsulationResistance 160.4.2.2.3 x x
DielectricStrength 160.4.2.2.4 x
FunctionalPerformanceTests

Guide Ring 160.4.2.2.5.1 x
Fixer 160.4.2.2.5.2 x
InterfaceSensor 160.4.2.2.5.3 x
StructuralHook 160.4.2.2.5.4 x
CaptureLatch 160.4.2.2.5.5 x
Heater 160.4.2.2.5.6 x
High-energydamper 160.4.2.2.5.7 x
InstrumentationCalibration 160.4.2.2.5.8 x

AcceptanceVibration 160.4.2.2.6 x x
Loads

Axial Stiffnessin InitialPosition 160.4.2.2.7.1 x
RetractionForce 160.4.2.2.7.2 x
RestrainingForce 160.4.2.2.7.3 x
BodyLatch Load 160.4.2.2.7.4 x
CaptureLatch Force 160.4.2.2.7.5 x
CaptureLatch UnlatchForce 160.4.2.2.7.6 x
TranslationCapability,YT & ZT axes 160.4.2.2.7.7 x
RotationalCapability,YT &ZT axes 160.4.2.2.7.8 x
RotationalCapability,XT axis 160.4.2.2.7.9 x

AcceptanceThermalVacuum 160.4.2.2.8 x
APDA Body ComponentProof Pressure 160.4.2.2.10 x x
Optical Properties 160.4.2.2.13 x x
Weight Measurement 160.4.2.2.14 x x

160.4.2.2.5.5 Capture-LatchTest. The requirementsof 20.4.2.2.5.5 apply to APDA -7002.

160.4.2.2.5.6 Heater Test. The requirementsof 20.4.2.2.5.6 apply.

160.4.2.2.5.7 DamperTests. The requirementsof 20.4.2.2.5.7 applyto APDA -7002.

160.4.2.2.5.8 InstrumentationCalibrationTests. The requirementsof 20.4.2.2.5.8 applytoAPDA -7002.

160.4.2.2.6 Acceptance VibrationTests. The requirementsof 20.4.2.2.6 apply.

160.4.2.2.7 Loads Tests

160.4.2.2.7.1 Test of Axial Stiffnessin InitialPosition. The requirementsof 20.4.2.2.7.1 applyto APDA -7002.
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160.4.2.2.7.2 Retraction Force Test. The requirements of 20.4.2.2.7.2 apply to APDA -7002.

160.4.2.2.7.3 Restraining Force Test. The requirements of 20.4.2.2.7.3 apply to APDA-7002.

160.4.2.2.7.4 Body Latch Load Test. The requirements of 20.4.2.2.7.4 apply to APDA-8002.

160.4.2.2.7.5 Capture Latch Latching-Force Test. The requirements of 20.4.2.2.7.5 apply toAPDA -7002.

160.4.2.2.7.6 Capture Latch Unlatching-ForceTest. The requirements of 20.4.2.2.7.6 applyto APDA -7002.

W_ theCaptureLatchesopen,measuretheforcerequiredto releasethe CaptureLatchesusinga
counterbalancedtestringtosimulateundocking.Forcetoreleaseopenlatchesshallnotexceed12kgf.

160.4.2.2.7.7 TranslationCapabilityTest (YT & ZT axes). The requirementsof
20.4.2.2.7.7(B) apply to APDA -7002.

160.4.2.2.7.8 RotationalCapabilityTest (YT & ZT axes). The requirementsof 20.4.2.2.7.8(B)apply to APDA -7002.

160.4.2.2.7.9 RotationalCapabilityTest AboutXT axis. The requirementsof 20.4.2.2.7.9(B)apply to APDA -7002.

160.4.2.2.8 AcceptanceThermalVacuumTest. The requirementsof 20.4.2.2.8 apply.

160.4.2.2.9 Deleted.

160.4.2.2.10 APDA Body-ComponentProof-PressureTest. The requirementsof 20.4.2.2.10
apply to the bodycomponentsof APDAs -7002 and-8002.

160.4.2.2.11 Deleted.

160.4.2.2.12 Deleted.

160.4.2.2.13 Optical-PropertiesTest. The requirementsof 20.4.2.2.13 apply.

160.4.2.2.14 Weight Measurement. The requirementsof20.4.2.2.14 apply.

160.4.2.3 Assessment. The requirementsof 4.2.3 apply.

160.4.2.4 Certification. The requirementsof 20.4.2.4 apply.
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160.4.2.4.1 Qualification Tests.

a. APDA. Qualification testing shall be in conformancewith the requirements of this
paragraph. Where and to the extentqualificationisaccomplishedby test,qualification-
testspecimensshallbe subjectedto the testsspecifiedinTable 160-3.1 inthe sequence
shown. Qualificationtesthardwareshall be of the same configurationas APDA -7002
flight hardware.

b. PigtailCables. The requirements of 130.4.2.4.1 apply.

160.4.2.4.1.1 Examination of Product. The requirements of 20.4.2.4.1.1 apply.

160.4.2.4.1.2 Transportation-Strength Test. The requirements of 20.4.2.4.1.2 apply.

160.4.2.4.1.3 Qualification Vibration Test. The requirements on APDAs -7001 and -8001 of
20.4.2.4.1.3 apply to APDA-7002 here.

160.4.2.4.1.4 Shock-BasicDesign Test. The requirementson APDAs -7001 and -8001 of
20.4.2.4.1.4 applyto APDA -7002 here.

160.4.2.4.1.5 Acoustic NoiseTest. The requirementson APDAs -7001 and -8001 of
- 20.4.2.4.1.5 apply to APDA -7002 here.

Table 160-3.1. APDA QualificationRequirements
APDA
-7002

Acceptance(Examinationof 160.4.2.2 x
Product,Dome LestTest only)
Examinationof Product 160.4.2.4.1.1 x
Transportation Strength 160.4.2.4.1.2 x
Qualification Vibration 160.4.2.4.1.3 x
Shock-Basic Design 160.4.2.4.1.4 x
Acoustic Noise 160.4.2.4.1.5 x
Disassembly Inspection 160.4.2.4.1.14 x

160.4.2.4.1.6 Deleted.

160.4.2.4.1.7 Deleted.

160.4.2.4.1.8 Deleted.

160.4.2.4.1.9 Deleted.

160.4.2.4.1.10 Deleted
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160.4.2.4.1.11 Deleted

160.4.2.4.1.11.5 Deleted.

160.4.2.4.1.11.6 Deleted.

160.4.2.4.1.11.7 Deleted.

160.4.2.4.1.11.8 Deleted.

160.4.2.4.1.11.9 Deleted.

160.4.2.4.1.12 Deleted.

160.4.2.4.1.13 Deleted.

160.4.2.1.14 DisassemblyInspection. The requirementsof 20.4.2.4.1.14 apply.

160.4.2.4.2 Certificationby Analysis. The requirementsof 20.4.2.4 apply. Seller shall
providedata ina reportto demonstratecertificationof the followingrequirementsbyanalysis:

Table 160-3.2. AnalysisRequirements

Analysis Paragraph APDA
-7002 -8002

Qualification Thermal Vacuum 20.4.2.4.1.7 x x
Six Degree of Freedom (Modeling) 20.4.2.4.1.9 x
Service Life 20.4.2.4.1.10 x x
Loads 20.4.2.4.1.11
Extend/Retract Mechanism Limit Load 20.4.2.4.1.11.1 x
Extend/RetractMechanismUltimateLoad 20.4.2.4.1.11.2 x
Captureand BodyLatchUltimateLoad 20.4.2.4.1.11.3 x x
SimultaneousLoads 20.4.2.4.1.11.4 x x
StructuralHookComponentLoads 20.4.2.4.1.11.5 x x
UltimateTranslationalLoad 20.4.2.4.1.11.6 x
UltimateRotationalLoad 20.4.2.4.1.11.7 x
Fixer LimitLoad 20.4.2.4.1.11.8 x
FixerUltimateLoad 20.4.2.4.1.11.9 x
PyrotechnicShock 20.4.2.4.1.12 x
Pressure 20.4.2.4.1.13 x x

160.4.2.5 Verification Requirements Matrices. The Seller'sverification program shall satisfy
the performance and design verification requirements specified in Table 160-3.3.
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Table 160-3.3 Performance and Design Verification Matrix

VERIFICATION METHOD

1. Analysis 3. Test

2. Assessment a. Development
a. Inspection b. Qualification

b. Review of Design c. Acceptance

N/A - Not Applicable

Section Verification MethodI Related
160.3 and 160.5 1 2 3 Section 160.4

RequirementNo. Requirements N/A a b a b c Reqmnt No.
160.3 REQUIREMENTS X

160.3.1 Item Definition X

160.3.1.1 Subsystem Definition X X 160.4.2.2.1

160.3.1.1.1 !Functional Definition X 160.4.2.2.2
_- 160.3.1.2 Interface Definition X

160.3.1.2.1 Electrical Power Characteristics X IX 160.4.2.2.1

160.3.1.2.1.1 Electrical Interface and Connectors X X 160.4.2.2,1
160.3.1.2.1.2 Resource-Transfer Umbilicals X

160.3.1.2.1.2.1 Mounting and Pin Assignments X X 160.4.2.2.1

160.3.1.2.1.2.2 Engagement and Disengagement X 160.4.2.2.2

160.3.1.2.2 Mounting X X 160.4.2.2.1

160.3.1.2.3 -8002 APDA-to-ICM Interface X X 160.4.2.2.1

160.3.1.2.4 -7002 APDA-to-FGB Interface X X 160.4.2.2.1

160.3.1.2.5 Active-APDA-to-Passive-APDA X 160.4.2.4.2
Interface

160.3.1.2.6 Pressure X 160.4.2.4.2

160.3.1.3 Item Identification X 160.4.2.2.1

160.3.1.3.1 Cable Set Identification X 160.4.2.2.1
160.3.2 Characteristics X

160.3.2.1 Performance Characteristics X 160.4.2.2.1
160.3.2.1.1 Life X

160.3.2.1.1.1 Operating Life X 160.4.2.4.2

m
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Table 160 -3.3 Performance and Design Verification Matrix (Cont'd)

becuon IVerification Method I Related

160.3 and 160.5 ' 1 2 3 I Section 160.L

Requirement No. Requirements IN/A a b a c I Reqmnt No.

i60.3.2.1.1.2 =UsefulLife X 1160.4.2.4.2

160.3.2.1.1.3 Shelf Life X 1160.4.2.4.2

160.3.2.1.1.4 Pyrotechnic Release Devices X /160.4.2.4.2

160.3.2.1.2 CG and Moment of Inertia X /160.4.2.4.2

160.3.2.1.3 Forces,Momentsand Dynamic X /160.4.2.4.2
Excursion Limit

160.3.2.1.4 Vehicle Undocking (1160.4.2.2.2

160.3.2.2 Physical Characteristics. X 1160.4.2.4.2

160.3.2.2.1 Envelopes. X 1160.4.2.2.1
160.3.2.2.1.1 Interface Hardware X

160.3.2.2.1.1.1 Resource-Transfer Umbilicals X 1160.4.2.2.1

160.3.2.2.1.1.3 Docking Target X J160.4.2.2.1

160.3.2.2.1.1.4 Pigtail Cables X I160.4.2.2.1

160.3.2.2.2 Weight. '.1160.4.2.2
160.3.2.2.3 Strength X 1160.4.2.4.2

160.3.2.2.4 Factors of Safety X 1160.4.2.4.2

160.3.2.2.5 Fracture Control X 1160.4.2.4.2
160.3.2.2.6 Fatigue X 1160.4.2.4.2

160.3.2.2.7 Creep X 1160.4.2.4.2

160.3.2.2.8 Insulation Resistance J160.4.2.2.3

160.3.2.2.9 Dielectric Strength 1160.4.2.2.4

160.3.2.2.10 Exterior Surface Finish X 1160.4.2.4.2

160.3.2.2.11 Cycle Definition X

160.3.2.2.12 !SubsystemRequirements X

160.3.2.2.12.1 Capture-Latch Mechanism of APDA 1160.4.2.2
-7002

160.3.2.2.12.2 Structural Hook Mechanism 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.2.1 Load/Stroke 160.4.2.2,

i 160.4.2.2.7

160.3.2.2.12.2.2 Limit Load 160.4.2.2

160.3.2.2.12.2.3 Ultimate load X 160.4.2.2
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Table 160 -3.3 Performance and Design Verification Matrix (Cont'd)

Section I VerificationMethod Related

160.3 and 160.5 1 2 3 Section 160.4

RequirementNo. Requirements N/A a b a !b c Reqmnt No.
160.3.2.2.12.2.4 Stall�Maximum Load X 160.4.2.2

160.3.2.2.12.2.5 Aiding Loads X 160.4.2.2

160.3.2.2.12.2.6 Irreversibility X 160.4.2.2

160.3.2.2.12.2.7 Speed/Rate X' 160.4.2.2

160.3.2.2.12.2.8 Operational Cycles X 160.4.2.2

160.3.2.2.12.2.9 Mechanical Stops !X 160.4.2.2

160.3.2.2.12.2.10 Pyrodevices X 160.4.2.2

160.3.2.2.12.3 Extend/Retract and Attenuation X _160.4.2.2
Mechanisms

160.3.2.2.12.3.1 System Stiffness and Damping X 160.4.2.2
Characteristics

160.3.2.2.12.3.1.1 Axial Slip Clutch X 160.4.2.2

160.3.2.2.12.3.1.2 Shock Spring X 160.4.2.2

-- 160.3.2.2.12.3.1.4 Initial Position X 160.4.2.2

160.3.2.2.12.3.1.5 Guide Ring Dampers X 160.4.2.2,
160.4.2.2.5.1

160.3.2.2.12.3.1.6 iGuide Ring Centering Spring X 160.4.2.2

160.3.2.2.12.3.1.7 High Energy Dampers X 160.4.2.2

160.3.2.2.12.3.2 Load/Stroke X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.3.3 Maximum Angle of Rotation X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.3.4 Rotational Applied Contact and X 160.4.2.2,
Return Moments 160.4.2.2.7

160.3.2.2.12.3.5 Parallel Applied Contact and Return X 1160.4.2.2,
Forces 160.4.2.2.7

160.3.2.2.12.3.6 Limit Load X 160.4.2.2

160.3.2.2.12.3.7 Ultimate Load X 160.4.2.2

160.3.2.2.12.3.8 Stall�Maximum Load X 160.4.2.2

160.3.2.2.12.3.9 Aiding Loads X 160.4.2.2

160.3.2.2.12.3.10 Irreversibility X 160.4.2.2
160.3.2.2.12.3.11 Speed/Rate X 160.4.2.2
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Table 160-3.3 Performanceand DesignVerificationMatdx (Cont'd)

tSection Verification Method Related

160.3 and 160.5 1 2 3 Section 160.4

Requirement No. Requirements IN/A a b ia b c Reqmnt No.

160.3.2.2.12.3.12 Operational Cycles X 160.4.2.2

160.3.2.2.12.3.13 Mechanical Stops X 160.4.2.2

160.3.2.2.12.3.14 Ring Rotation Moment X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.3.15 Fixers X 160.4.2.2,
160.4.2.2.5.2

160.3.2.2.13 Commands and Indications X 160.4.2.2

160.3.2.2.16 OpticalProperties X 160.4.2.2

160.3.2.2.17 Capture-LatchHeaters X 160.4.2.2,
160.4.2.2.5.6

160.3.2.3 Reliability X 160.4.2.4.2

160.3.2.4 Maintainability X 160.4.2.4.2
160.3.2.5 Environments X 160.4.2.2

160.3.2.6 Transportability X 160.4.2.4.2
160.3.3 Designand Construction X 160.4.2.4.2

5 Preparationfor Delivery X
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160.5 PREPARATION FOR DELIVERY. The requirements of Section 5 apply.

160.6 NOTES. The requirements of Section 6 apply.

160.7 FIELD SUPPORT EQUIPMENT

The following field support equipment is a part of the deliverable hardware covered by this
specification:

1. Carriage VK.7809-2006 1

2. Carriage VK.7809-1424 AM 1

3. Ringwithattachmenthardware 11N565.1762-11 2
4. Strutwithattachmenthardware 11N565.1762-19 6

5. Test cablesfor the -7002 X3 and X4 connectorsto simulatethe FGB sideof the
interface

160.8 SPARES AND GROUND PROCESSING

160.8.1 Spares. Spares, suchas seals,grease,and other consumable,as requiredto support
processingof the APDAs at NRL and KSC, shall be providedwiththedeliveryof theAPDAs.

160.8.2 Ground Processing. Requirementsfor maintenanceand supportof the APDAs for
groundprocessingshallbe definedin the OperationsManual,paragraph12.15 of QA 12.

160.9 DOCUMENTATION FOR ICM APDA

160.9.1 The followingdocumentsshall be updated and resubmitted to includethe work
requiredby thisAppendixXVI.

CM 04 As-BuiltConfigurationRecord

QA 12 AcceptanceData Package

RA 22 FailureModesand EffectsAnalysis/CriUcalItemsList(Appendix)
RA 24 ProblemReportingandCorrectiveAction

SA 07 RiskAssessmentReport (Appendix)

SE 03 DrawingsandAssociatedLists(Envelope/Assemblydrawings,Parts
Lists,EngineeringChanges,Schematics)
TM 06 Test andAnalysisReports

TM 11 QualificationandAcceptanceTest Procedures
QA 15A PyrotechnicData
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160.9.2 The following documents need not be updated, but are applicable to the work
performed by this Appendix XVI:

CM 01 Configuration Management Plan

PG 01A Packaging and Transport Data

QA 01 Quality Assurance Plan

SA 05 System Safety Plan
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Table 160.4. Forces, Moments and Dynamic-Excursion Limits
APDA -7002 PERFORMANCE REQUIREMENTS

a. Capture and attenuate with the following mass properties
Orbiter see Table 160-6 FGB see Table 160-7

bo Contact Condition Limits (10)

Axial Velocity 0.0 to 0.2 flJsec
(0.0 to 70.0 mm/sec)

Lateral Velocity 0_0.15 ft/sec (radial)
Angular Velocity 0__0.20deg/sec/axis
Lateral Misalignment (8) 0+4.2 in (radial)
Angular Misalignment 0_4.0 deg/axis(2)

About XT: 0-J:4.0deg

c. APDA Mating and Demating Forces and Moments
Docking Extensionat Mechanical Retractionat

Stop MechanicalStop
Load °7002 -8002 -7002 -8002 -7002 -8002

Tension 1000 kgf 1000+50 n/a n/a 2200 kgf* 2200 kgf*
kgf

_ Compression 1000 kgf 1000±50 1000 kgf* n/a n/a n/a
(Static) kgf
Compression 1900 kgf 1900 kgf n/a n/a n/a n/a
(Dynamic-
< 0.1 sec.)

Shear (7) ±500 kgf ±500 kgf n/a n/a n/a n/a
Bending(7) +500 kgf-m :t:500kgf-m ¢500 kgf-m ±500 kgf-m n/a n/a
Torsion +_300kgf-m ±300 kgf-m ±300 kgf-m ±300 kgf-m n/a n/a

* = APDA internal loads not transmitted to FGB

d. Vehicle Relative Dynamic Rotation Limits During Mating (6)

0 =.y 13°
6 z 13°

e. Undocking Separation Conditions (3) e
In accordance with 3.2.1.4
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Table 160-5. Forces, Moments and Dynamic Excursion Limits

MATED DESIGN LIMIT LOADS(1)(4)(5) (9)
APDA -7002/-8002

(12 StructuralHooksEngaged)

CASE1 CASE2 CASE3 CASE4(-8002only)

Axial +500kgf (1100 +500kgf (1100 _+1800kgf (3970 _+1360kgf (3000
Ibs) Ibs) Ibs) Ibs)

Shear(7) _+500kgf (1100 + 500kgf (1100 +1360kgf (3000 +1820kgf (4000
Ibs) Ibs) Ibs) Ibs)

Bending(7) _+4000kgf-m -+6650kgf-m +4000kgf-m _+4960kgf-m
(346,800in-lbs) (577,000in-lbs) (346,800in-lbs) (430,000in-lbs)

Torsion _+6650kgf-m -+4000kgf-m -+4000kgf-m -+690kgf-m
(577,000in-lbs) (346,800in-lbs) (346,800in-lbs) (60,000in-lbs)

Notes for Tables 160-4 and 160-5.

(1) These values are 3s maxima and shall be applied simultaneously in a statistically
appropriate manner, provided that the reach capability of the internal petals is notexceeded

(2) 4 deg. about any axis within the Orbiter x-y (YT - ZT) plane.
(3) Impulse shall be applied at the center of the docking interface and along the

mechanism XTaxis.

(4) For design purposes, the loads and moments shall apply simultaneously. Loads
shall be applied at the center of the docking interface.

(5) These are maximum case-consistent loads.
(6) These can be simultaneous dynamic rotations.
(7) Value is a vector sum

(8) Lateral misalignment isdefined as the minimum distance between the center of
the active ring of the APDA and the longitudinal axis of the capture ring of the
passive APDA at the moment of first contact between the guide petals.

(9) Loads (Table 160-5) and Fatigue Load Spectrum (Table 160-8) are given on the
basis of load carrying capacity of the docking assembly and does not exceed the
confirmed scope of tests for APDAs -6001, -7001, or -8001.

(10) Orbiter RCS jets will be used during docking to assist capture dynamics. Two
nose, F1D and F2D, and two tail, L3D and R3D, jets will be operated from first
contact to capture. A 1.0 secondpilot reactiontime, startingfrom firstcontact, is
assumedbefore the PRCS jets are activated. PostContactThrusting(PCT) shall
consistsof three80 millisecondnoseand tail jet firingswith 160 milliseconddelay
between them, a 1.0 secondwait, and finallyfour 160 millisecondnoseand tail
firingswith80 milliseconddelay betweenthem. Each RCS pulsefordocking
operation,has a ramp-uptime of 0.01 secondsto the maximumforces or
momentsshowninTable 160-5.1. Forces/Momentsstay at the specifiedlevels
for 0.070 secondsfor the first phaseof firing,and for 0.150 secondsfor the
second phaseof firing. The ramp-downtimefromthe maximumvalueto zero is
also 0.010 seconds.
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Table 160-5.1. RCS Forces and Moments

Fxo = -152.28 kg
Fyo = 0

Fzo = 1113.85 kg
Mxo = 16.933 kg-m
Myo = 5026.63 kg-m
Mzo = 2.31 kg-m

Table 160-6. Orbiter Mass Properties
PRODUCT OF

C.G. (in) MOMENT OF INERTIA INERTIA
WEIGHT (slug-ft2 x 105) (slug-ft2x 105)

(Ibs) Xo YO Zo Ixx Iw Izz Pxv Pxz Pvz
247983(high) 1092.7 -0.2 375.7 10.98 75.62 77.54 7.62 2499.06-81.96
205713 (low)

1102.1 -0.15 372.24 10.57 75.76 75.72 18.55 2568.18 77.36

Table 160-7. ICM/ISSMass Properties
ICM ISS 2A.1

AttachmentTo Assembly
Orbiter Stage

Weight (kg) 9182 56985
Momentof Inertia(kg-m2)

Ixx 17749 7566793
lyy 17129 7467926
Izz 17924 232051

Products of Inertia (kg-m2)
Ixy +1124 -13
lyz -52 -3082
Ixz -105 -140534

c.g. offsetfrom dockingI/F (m)
X 0.00 -0.081
Y 0.00 0.0
Z 2.41 21.39

RELATIVE ALIGNMENT IN SPACE STATION AXIS OF
ORBITER STRUCTURAL ALIGNMENT

AXIS

X PositiveX NegativeZ
Y PositiveY NegativeY
Z PositiveZ Negative×

Mass propertiesare in theorbiterstructuralcoordinatesystem. Allproductsof inertiaare
negativeintegrals.
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Table 160-8. Fatigue Load Spectrum

Amplitude Tier -7002/-8002 APDA

Percent of Limit Load Cycle Count

90-100 10

80-90 50

70-80 100

60-70 700

50-60 1,000

4O-5O 4,000

30-40 22,000

20-30 50,000

15-20 50,000

10-15 400,000

5-10 5,000,000

2.5-5 5,000,000
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SA20 Report, Fault Tree 1 June, 1995 Quarterly Yes

Analysis (every 3 months)

Reauirement. A document that depicts in a qualitative graphical and logical representation, the
various combinations of possible events, both fault and normal, which can occur in the APDS
and which can cause a pre-defined undesired event. An undesired event is any event which is
identified as objectionable and unwanted, such as a potential accident, hazardous condition, or
undesired failure mode. These events shall include but not be limited to: (1) inability to perform
docking, (2) potential collision between the Orbiter and ISS during docking, (3) inability to
separate Orbiter from ISS, and (4) loss of habitable environmental pressuring during IVA. This
graphic presentation exposes the interrelationships of system events and their dependence
upon each other, which may result in the occurrence of the undesired event. The fault tree
shall be developed using formalized deductive logic and to the lowest level required to
adequately define the undesired event.

The seller shall utilize the Fault Tree Analysis software and key provided by NASA to develop
the required fault tree.

- Fault Tree Analysis shall address differences by mission due to:

1) Hardware differences

2) Operations differences.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SE03 Drawingsand

AssociatedLists

(a) PreliminaryDesign 014/P/PDR R/ASR No
Drawingsincluding 014/P/CDR
Schematicsand (Note 1)
DrawingTree

(b) Hardware Product 000/W/REL PJASR No
Drawingsincluding (Note 2)
Schematics/

Assembly Level

(c) BelowAssembly 72 hrs/NRON As required No
Level Detail (Note 3)
Drawings including
Schematics
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
(d) RevisionHistory 010/A/RON R/ASR NoFile

(e) Box to Box 15 days after Yes
Interface diagram contract go-ahead
showing all I/F Pins

(f) Preliminary system 15 days after Yes
Level Schematics Contract go-ahead

(g) Update System at PDR Yes
Level Schematics

(h) FinalSystem Level 60 days priorto Yes
Schematics CDR

(i) RetrofitKit 000/W/REL P-JASR No
Drawings/
Instructions

(j) Illustrated Parts 000/W/REL R/ASR Yes
Breakdown(IPB) (Note 4)

(k) Geometric Math at PDR R/ASR Yes
Model

(These data items shall be made available to Buyer prior to kit delivery for acceptance.)

ReQuirement. The Seller shall prepare engineering data in forms suitable for recording designs
developed for this specification for flight hardware, brassboard hardware, and the FSE defined
in Appendix Xl.

Notes 1. Drawing Tree - A drawing tree so arranged that the next lower assembly or
part drawings are identified.

2. Limited indentured levels of Product Drawings shall be delivered to the Buyer
as specified in Buyer's approved SCBD (reference CM03) subsequent to
baseline/release and prior to item delivery.

3. Drawings below the assembly level and not listed in CM03 shall be required
upon request only (Type III data). Under emergency conditions, Seller shall
submit all required drawings within 72 hours.

4. Requirements for the IPB shall be identified and validated through
maintenance analysis conducted by the Buyer.

FORM M 131-H-2 REV 9-87 7-17-98



CODE IDENT. NO. 03953

NUMBER LETER PAGE ]

JSC 26938 584 L_

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SEO6A StructuralAnalysis 45 days priorto PJASR No

and Fracture designrelease
Mechanics
AnalysisReport

Reauirements To identifystructuralcomponentmarginsof safety,fracturecriticalcandidates
and criticaldesignconditionson theend item.

Notes: The reportshallincludeas a minimum:

1. A displayof the stressmarginof safety summarizedfor the end item.

2. Analysisdata for each structuralcomponentincludinga sketchof the
component,descriptionsof the criticalloadconditionand the analysis
method,marginof safety, and identificationof the criterioncondition.

3. The fracture-mechanicsanalysisshallincludethe anticipatedload history,
the loadsspectra,the materialcrack-propagation-ratedata, the stress-
intensityrelationshipwhichdescribesthe localstressfield,cracksize, crack
morphology,and thegeometry of the structure.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
SE08 ElectricalPower (Note) PJASR Yes

RequirementsData

Reauirement. The sellershallprepare electricalpower requirementsdata forevery component
furnishedinaccordancewiththisspecification.

Notes: 1. Electricalpowerconsumptionof each itemof flighthardwareof thiscontract,
includingindividualinterfacepinsare requiredby the Seller. The specific
functionof individualinterfacepinsshallalsobe identified.

2. 000/W/PRPL, 014/P/CDR, and 030/NTST. When programdoesnot require
CDR, submittaldateswillbe 000/W/PRPL, 060 clayspriorto releaseof
productiondesign,and 030/NTST.

SE10 Deleted

SE23 DELETED
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PDRD DESCRIPTION DUE DATE FREQ. BUYER
NO. TITLE SUB. APPR REQ

TM02 CertificationPlan Initial: PJASR Yes *
030/P/PDR

Final:
030/P/CDR

* Buyer will approve or disapprove within45 days after authority to proceedor 45 days afterreceipt of revision notification.

__ - The Seller shall provide the following data in the Certification Plan:

1. Design Certification Matrix. Data to be provided by the Seller on the matrix is:

a. All applicable APDS mechanical and avionics hardware as identified in Section 3 of
the basicspecification.

b. Allapplicableenvironmentalparametersfrom Section3 of the basicspecification
identifiedby specificationparagraphnumber.

c. Summaryof the availabledata, usedto satisfycertificationrequirements,thatexists
for the hardwarebeing procured,includingtest levels,duration,measuredor
monitoredparameters.

d. A description,by specificationparagraphnumber,of howtheavailabledatasatisfies
the Section3 requirements,or theactionsuggestedor recommendedin orderfor
the hardwareto meet thespecifiedrequirements.

2. The plan shall providedetaildescriptionof all certificationactivitieswhichinclude
qualificationtests, analysisand simulationsplanned. The planshalldefinethe logicand
approachandschedulesplannedforsatisfyingthe certificationrequirements.

3. The planshallprovidea descriptionof theSeller'straceabilityactivities. Traceability
shall be accomplishedbyassigninga traceabilityidentificationto traceableitems and
majorcomponentsas identifiedinthe Section3 of the basicspecificationand by
providinga means of correlatingeach to itshistoricalrecords. Conversely,the records
mustbe traceableto each item/majorcomponent.

4. The planshall addressthe followingcertification/reliabilityprogrammaticrequirements:

4.1 ReliabilityDesignRequirements. Providedocumentationincludingnumerical
studiesto identifytheAPDS processesthat verify thatthe reliabilityof theAPDS
hardwaremeetsthe reliabilityrequirementsof thisspecification.

4.2 ProblemReportingAnd CorrectiveActionSystem. Providedocumentationto
make knownthe APDS reliabilityprocessfor control,reporting,analysis,
correction,and preventionof APDS hardwarefailuresand deliverableitemsduring
and subsequentto acceptancetesting.
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4.2.1 Problem Analysis. Provide documentation to make known the APDS reliability
process for failure analysis and problem correction.

4.2.2 Corrective Action. The APDS program shall implement corrective action to
prevent recurrence of failures when the analysis reveals the causes to be within its
control. A problem report shall be considered closed when corrective action has
been implemented. Notification of corrective action for all failures and problems
shall be on a close-out Problems Analysis Report. Corrective actions which result
in a change to configuration baseline documentation shall be processed in
accordance with the configuration management system.

4.2.3 Electrical And Mechanical Parts Control. Provide documentation to make known
the APDS process for controlling selection, reduction in number of types,
specification, application reviews, analyzing failures, stocking and handling
methods, installation procedures, and establishing reliability and quality
requirements of electrical and mechanical parts.

MiM_LT._. The plan shall be maintained current by page revision or complete re-issue,
whichever is most effective, to reflect all approved program changes.

PDRD NO. DESCRIPTION DUE DATE FREQ BUYER
TITLE SUB. APPR

REQ'D
TM06 Reports,Test and 030/A/TST (Test) PJASR Yes

Analysis(Certification) 030/P/CDR
(6-27-73) (Analysis)

Re(_uiremenL(a) For each LRUthere shall be an Acceptance Test Procedure that describes
what tests are to be accomplished, the test sequence, how each paragraph of the AT
requirements of the specification will be satisfied, and how the test is to be set up and
accomplished, along with the parameters to be monitored or measured, with pass-fail criteria.

(b) There shall be a Qualification Test Procedure for each LRU to be subjected to a
Qualification test. The procedure shall outline what tests are to be accomplished, the test
sequence, how each paragraphs of the qualification test requirements of the specification will
be satisfied, and a description of how the test is to be set up and accomplished, along with the
parameters to be monitored or measured, with pass/fail criteria.

(c) There shall be a Qualification Test Report for each item that was subjected to a formal
Qualification test sequence. This reportshall providea summaryof the testsperformed, their
results,and identificationby specificationparagraphnumberof whichqualificationrequirements
of the specificationhave been satisfied. The reportshallalsoincludethe detailedtestdata with
a QualifyControlor Inspectionbuy-offstamp.

TM09 DELETED

TM10 DELETED
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PDRD NO. DESCRIPTION DUE DATE FREQ BUYER

TITLE SUB. APPR
REQ'D

TM11 Procedures, 030/P/'I-ST R/ASR Yes
Qualification,
AcceptanceTest

Reauirement. The Sellershallprovideinformationto evaluate Seller'sacceptancetest
proceduresandqualificationtest procedures.
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Appendix XVl

160. ANDROGYNOUS PERIPHERAL DOCKING ASSEMBLIES
FOR INTERIM CONTROL MODULE

160.1 SCOPE

This appendix defines requirements for an active and a passive Androgynous Peripheral
Docking Assembly (APDA) and other elements of an Androgynous Peripheral Docking System
(APDS) for use with the Interim Control Module (ICM) in the International Space Station (ISS)
program for docking to FGB. Also defined herein are requirements for testing and for data
submittal.

160.2 APPLICABLE DOCUMENTS. The requirements of Section 2 apply.

160.3 REQUIREMENTS. The requirements of Section 3 apply, except as follows:

160.3.1 Item Definition.

Figure 1 is an illustration of the flight configuration showing the ICM berthed with the Orbiter.
The central volume of the ICM is unpressudzed; each APDA has a dome and seals to provide
pressure integrity from the Orbiter airlock through the passive APDA to its dome and from the
FGB through the active APDA to its dome. The following elements in this configuration are
covered by this appendix:

(1) MC621-0087-7002 Androgynous Pedpheral Docking Assembly (active)
33U.6201.008-11

MC621-0087-8002 Androgynous Peripheral Docking Assembly (passive)
33U.6201.008-12

(2) MC621-0087-0020 Pyrotechnic Release Devices

(3) SLIYu 374511.022 ICM PigtailCables

APDA -7002 (Active) shall includethe structure and guidering; and the capture-latch,
structural-hook and extend/retract�attenuation mechanisms. This active APDA shall be capable
of providing structural compliance with six degrees of freedom and shall have pyrotechnic
release devices for the structural hooks. Figure 160-2 shows the configuration of APDA -7002.

APDA -8002 (Passive) shall include the structure and stationary guide ring, and the passive
structural-hook mechanism. The -8002 APDA shall not have pyrotechnic release devices for
the structural hooks. Figure 160-3 shows the configuration of APDA -8002.
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160.3.1.1 Subsystem Definition

The APDAs consist of the followingsubsystemsand features:
a. APDA-7002 (reference Figure 160-2)

1. Structural Hook Mechanism with both active and passivehooks.
2. Structure(Basewith InterfaceSeals, and Guide Ring)
3. ResourceElectricalConnectors(X3 andX4 operational,Xl and X2 notoperationat

butwith metalcaps)
4. Indicators,UndockingSensors,Temperature Sensors,Hook-StatusSensors,

CaptureSensors,Ready-to-HookSensors, and PressureSensors
5. Heaters
6. Pushers
7. Capture-LatchMechanism
8. Mechanismforextensionand retractionof the ringand attenuationof loads
9. PressureDomewith Seals

10. PyrotechnicRelease Devicefor ActiveHooks

The pyrotechnicrelease deviceis addressedas a separate LineReplaceableUnit in
AppendixXII.

11. Provisionsfor mountingtwoTV camerasand two lights
12. Feedthroughconnectorsfor camerasand lights
13. Provisionsfor mountingCrosshairTarget for TV Camera Alignment

b. APDA-8002 (reference Figure160-3)
_. 1. StructuralHookMechanismwithonlyPassiveHooks

2. Structure(Basewith Seals, and StationaryGuide Ring)
3. ResourceElectricalConnectors(X3 and X4 operational,X1 andX2 notoperational

butwith metalcaps)
4. Pushers
5. DockingTarget
6. PressureDomewithSeals
7. No sensorsrequired.

160.3.1.1.1 FunctionalDefinition.

a. APDA -7002 shall:

1. Capture the passiveAPDA body-mountedcapture latches.
2. Attenuate docking loads during capture and attenuation, and limit the relative vehicle

motions.

3. Align, structurally attach, and seal the active to passive APDAs.
4. Allow for termination of docking operations and separation of vehicles at any point in

the docking process, and not prevent the remating of the vehicles during the same
mission.

5. Allow for resource transfer between vehicles.
6. Provide for the demating of the spacecrafts.

b. APDA -8002 shall:

1. Align and allow structural attachment of the active to passive APDAs.
2. Seal active and passiveAPDAs by use of passive hooks.
3. Allow for resource transfer between vehicles.
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160.3.1.2 Interface Definition

160.3.1.2.1 ElectricalPower Characteristics.Therequirementsof paragraph3.1.2.1 applyexcept as follows:

160.3.1.2.1.1 Electrical Interface and Connectors. The electrical interfaces to the ICM APDA
-7002 shall be in accordance with Figures 160-2 and 160-3. Connectors and pin assignments
at these interfaces are shown in Tables 160-9 and 160-10.

160.3.1.2.1.2 Resource-Transfer Umbilicals.

160.3.1.2.1.2.1 Mounting and Pin Assignments. The four resource-transfer umbilicatsXl
through X4 shall be mounted along the external surface of the APDA structure (base) per
Figures 160-2 and 160-3. The resource-transfer pin assignments and functions for the -7002
and -8002 APDAs shall be as shown in Tables 160-11,160-12, 160-13 and 160-13a. The
power transfer design requirements of Xl and X2.shall be in accordance with Figure 20-D, E for-8002.

160.3.1.2.1.2.2 Engagement and Disengagement. The connectorsshall be engaged and
disengagedby operationof the mechanism. The pinsshallbe disengagedpriorto completion
of structural-hookopening.

160.3.1.2.2 Mounting.The mountingprovisionsof theAPE)Asshall be as shownin Figures160-2 and 160-3.

160.3.1.2.3 -8002 APDA-to-ICM Interface. The interfacing of the -8002 APDA and the ICM
shall be in accordance with Figure 160-3.

160.3.1.2.4 -7002 APE)A-to-FGBInterface. The interfacing of the -7002 APDA and the ICM
shall be in accordance with Figure 160-2.

160.3.1.2.5 Active-APDA-to-Passive-APDA Interface. The active and passive APDAs shall
be designed to mate under the loads, relative velocities, and relative misalignments of Tables160-4 and 160-5.

160.3.1.2.6 Pressure. The requirements of 20.3.1.2.6 applyexcept that the articles here
include pressure-dome seals rather than hatch seals:

a. APDA-7002:
1. pressure-dome interface seals
2. mating seals

b. APDA-8002:
1. pressure-dome interface seals
2. mating seals
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160.3.1.3 Item Identification. The APDA and pyrotechnic subassembly shall be identifiedas
follows:

Nomenclature rPEg.y.eLE_. _
Active APDA MC621-0087-7002 33U.6201.008-11 LRU
Passive APDA MC621-0087-8002 33U.6201.008-12 LRU
Pigtail Cables SLIYu 374511.022
PyrotechnicRelease Device ( S e e A p p e n d I x X I I )

160.3.1.3.1 Cable Set Identification.The requirementsof 130.3.1.3.1 apply.

160.3.2 Characteristics

160.3.2.1 PerformanceCharacteristics

The ISS 2A.1 missionis definedas: The ICM is launchedas a payloadin the Orbiter. The ICM
is removed from the payloadbay bythe Remote ManipulatorSystem(RMS) and is berthedto
the ODS. Afterstructuralattachmentto the ODS is achieved,the APDS SwitchingSystem
(referenceAppendix14) is placedin the ICM positionto controlthe active-7002 APDA on the
ICM. The ODS/ICM stack isthen dockedto the aft axial port of the FGB. After ICM to FGB
structuralattachmentisachieved,the APDS SwitchingSystemis placed backto the ODS
position.The ODS is then undockedfrom the ICM andthe Orbiter maneuversto dockwith
PMA 2. After structuralattachmentwithPMA 2, the Orbiter'screw ingress'sthe ISS assembly
to the ICM -7002 and retrievesthe dockingcamera/lights.

The ICM is then ready to performthe requiredoperations,and uponcompletionof the ICM
designtasks, the ICM undocksfrom the ISS and de-orbits. The followingare detailed
performancerequirementsof the ICM dockingsystem.

a. The APDA functionsshall providethe means to connectand disconnect the active and
passivedockingmechanisms.

b. APDA-7002 shallprovidethe abilityto transmitdata from the ICM to the FGB. APDA -
8002 shall providethe abilityto transmitvideofrom the Orbiterto the ICM.

c. Sequencingof APDA functionsmay be automatedfrom initialcontactuntilfull dock;the
automatedsequence,however,shallbe able to be interruptedat any point. Subsequent
to interruption,the sequence shall be able to be completedmanuallyor terminated
manually, interruptionof the automatedsequenceshallnot preventrematingto the FGB.

d. Means shallbe providedto monitoroperationsand safety-criticalfunctionsand to check
out andverify systems. The resultingdata shallbe availableforuse by bothflightcrew
and groundoperations.

e. APDA -7002 active hooksshall be capable of beingcontrolledOPEN and CLOSED from
the ICM avionics,onlyfor undockingfromthe FGB (reference Figure160-4). Telemetry
will be providedfrom the -7002 to indicatethe actuatorCLOSED discretestatus.

f. APDA -7002 pyrotechnicboltsof theactive hooksshallhave thecapabilityof being
initiatedfrom the ICM avionics (referenceFigure160-4). The boltswillbe firedsixat a
time,with a maximumof 100 millisecondsbetweenfirings. The totaltime requiredfor
firings is less than 150 milliseconds.Eachfiring commandshallinitiatetwo separate
pryotechnicboltbridgewiresin parallel(reference Figure160-6).

160.3.2.1.1 Life
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CODE IDENT. NO. 03953

NUMBER REVISION LETTER PAGE 1
JSC 26938 593

7
160.3.2,1,1.1 Operating Life

a. -7_..Q_Q2_._A__The -7002 APDA shall be capable of performing all of the applicable
operations specified herein with maintenance for a minimum of the following cycles.
Interface seals may be replaced after each mission.

On-Orbit Vacuum Cycles 3
Ground No-Load Cycles 9
Ground Load Cycles 2

b. -._. The -8002 APDA shall be capable of performing all of the applicable
operations specified herein with maintenance for a minimum of the following cycles.

On-Orbit Vacuum Cycles 30
Ground No-Load Cycles 9
Ground Load Cycles 2

The hardware to which this requirement applies is that used for a nominal docking,
including the passive structural hooks, the structure (base with seals and stationary
guide ring), the resource electrical connectors, and pushers.

c. i__j_. The requirements of 130.3.2.1.1 apply.

160.3.2.1.1.2 Useful Life. The APDA shall have a minimum useful life of the operating cycles
specified in 3.2.1.1.1 which are equivalent to the following.

a. -7_ Three Orbiter missions in a five-year life without maintenance.
b. _ Three Orbiter missions in a five-year life without maintenance.

An Orbiter mission is defined as including all applicable operations and environments including
launch, on-orbit, and landing phases.

160.3.2.1.1.3 Shelf Life. The APDAs shall be capable of operating in accordance with the
requirements herein any time within a pedod of five years from the date of delivery when
exposed to the applicable environments of 160.3.2.5.

160.3.2.1.1.4 Pyrotechnic Release Devices. Unique service-life requirements for pyrotechnic
release devices are given in Appendix XII.

160.3.2.1.2 CG and Moment of Inertia. The center of gravity (CG) of the mechanisms shall
be determined in three axes from a defined reference datum shown in Figures 160-2 and 160-3.
The moments of inertia shall be calculated about the CG of the APDA.

160.3.2.1.3 Forces, Moments and Dynamic Excursion Limit. The APDA shall limit the mating
forces, moments and dynamic excursions at the interface to those defined in Table 160-4 with the
spacecraft mass properties defined in Tables 160-6 and 160-7.

160.3.2.1.4 Vehicle Undocking. The four separation plungers (two on each system) shall
induce an initial separation force of 250 kgf (551 Ibs) minimum and 270 kgf (595 Ibs) maximum.
To demate, the work (energy) applied shall be between 4.0 kgf-m (28.9 ft-lbs)and 4.3 kgf-m (31.1
ft-lbs).
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160.3.2.2 Physical Characteristics. The requirementsof 20.3.2.2 apply except as follows:

160.3.2.2.1 Envelopes. The envelope of the APDAs shall not exceed the dimensions shown
in Figures 160-2 and 160-3.

160.3.2.2.1.1 Interface Hardware

160.3.2.2.1.1.1 Resource-Transfer Umbilicals. The envelope of the resource-transfer
umbilicals shall not exceed the dimensions shown in Figures 160-2 and 160-3.

160.3.2.2.1.1.2 Laser Reflector. Deleted.

160.3.2.2.1.1.3 Docking Target. The envelope of the -8002 APDA Docking Target shall be as
shown in Figure 160-3.

160.3.2.2.1.1.4 Pigtail Cables. The envelope dimensions shall be as shown on Figure 160-5.

160.3.2.2.2 Weight. The weight of the resource-transfer umbilicals, panels, and mounting
hardware shall not exceed 9.1 kgf (20 Ibs). The weight of the APDAs, not including the
resource-transfer umbilicals, shall not exceed the following:

a. -7002 APDA: 310.0 kg
• b. -8002 APDA: 210.0 kg

160.3.2.2.3 Strength. The APDA shallhave adequatestrengthandstiffnessat thedesign
temperatureto withstandlimitloadsand pressureswithoutdetrimentalyieldingand ultimate
loadsand pressureswithoutfailure. The loadcombinationsare definedinTable 160-4. The
APDA shall exhibit a minimum margin of safety equal to zero.

160.3.2.2.4 Factorsof Safety. The requirementsof 20.3.2.2.4 apply.

160.3.2.2.5 FractureControl. The requirementsof 20.3.2.2.5 apply.

160.3.2.2.6 Fatigue. The requirementsof 20.3.2.2.6 apply.

160.3.2.2.7 Creep. The requirementsof 20.3.2.2.7 apply.

160.3.2.2.8 InsulationResistance. The requirementsof 20.3.2.2.8 apply.

160.3.2.2.9 DielectricStrength. The APDA shallbe capableof withstanding200 Vac between
any isolatedcircuitand the case or enclosurefor onesecond. There shallbe no arc-overor
leakage greater than 100 milliamperes.The Seller'sinstallationdrawingand otherapplicable
documentsshallincludeany necessarycautionnotesregardingdielectricor othertestvoltages
withregardto connectedterminals,terminalsacrosscapacitors,integratedcircuits,
semiconductorsand otherpolaritysensitivedevices. Buyermustapproveany variationwith
this requirement.

160.3.2.2.10 ExteriorSurface Finish. The requirementsof 20.3.2.2.10 apply.
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160.3.2.2.11 Cycle Definition. For purposes of life certification, as defined in 20.3.2.1.1, one
APDA cycle is defined to include one capture latch operational cycle (per 20.3.2.2.12.1.6), one
structural hook operational cycle (per 20.3.2.2.12.2.8), and one attenuation mechanism
operational cycle (per 20.3.2.2.12.3.12).

160.3.2.2.12 Subsystem Requirements. The following sections describe the requirements of
each mechanical subsystem as an installed subsystem of the APDA.

160.3.2.2.12.1 Capture-Latch Mechanism of APDA -7002. The requirements of
20.3.2.2.12.1 apply, for APDA -7002 only.

160.3.2.2.12.2 Structural Hook Mechanism.

a. -7002 APDA

Each of 12 hook locations shall have a passive and an active hook. The structural hook
mechanismshall consistof twelvehooks driven in two sets of six hooks comprising
alternate hooks. Each set is drivenwithan actuatorwith redundantmotorspowered
througha pulleyandcablesystemto thehooks. Each actuatorshall consistof redundant
motorsdrivingthe outputthrougha reductionunit. The redundantmotorsshalloperate
concurrentlyand failureofeithermotorshallnotaffecttheoutputtorqueor theoperationof
the remainingmotor,but the actuatorrate may be reducedby 50%. APDA -7002 only
shallhave the capabilityto release onlyactive hookspyrotechnically(ReferenceAppendix
Xll). Each active hookshallbe equippedwitha microswitchcapable of indicatingthe
closedpositionof the hook.

b. -8002 APDA

Each of 12 hooklocationsshallhave one passivehook. The -8002 APDA shallhave no
pyrotechnicdevicesand no sensors of any kind.

160.3.2.2.12.2.1 Load/Stroke. The requirementsof 20.3.2.2.12.2.1 apply to APDA -7002/-
8002, with mated loadsas showninTable 160-5.

160.3.2.2.12.2.2 LimitLoad. The requirementsof 20.3.2.2.12.2.2 applyto APDA -7002/-8002
with mated loads as shownin Table 160-5.

160.3.2.2.12.2.3 UltimateLoad. The requirementsof 20.3.2.2.12.2.3 apply to APDAs -7002and -8002.

160.3.2.2.12.2.4 Stall/MaximumLoad. The requirementsof 20.3.2.2.12.2.4 applyto APDA -7002.

160.3.2.2.12.2.5 AidingLoads. The requirementsof 20.3.2.2.12.2.5 apply to APDA -7002.

160.3.2.2.12.2.6 Irreversibility.The requirementsof 20.3.2.2.12.2.6 applyto APDA -7002.

160.3.2.2.12.2.7 Speed/Rate. The requirementsof 20.3.2.2.12.2.7 applyto APDA-7002.
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160.3.2.2.12.2.8 Operational Cycles. The requirements of 20.3.2.2.12.2.8 apply to APDA -
7002.

160.3.2.2.12.2.9 Mechanical Stops. The requirements of 20.3.2.2.12.2.9 apply to APDA -7002.

160.3.2.2.12.2.10 Pyrodevices. APDA -7002 shall be equipped with pyrodevices.
Pyrodevices shall assure emergency undocking for all 12 active hooks. Reference
requirements of Appendix XlI.

160.3.2.2.12.3 Extend/Retract and Attenuation Mechanisms. The requirements on APDA-
7001 in 20.3.2.2.12.3 apply to APDA -7002 here.

160.3.2.2.12.3.1 System Stiffness and Damping Characteristics. The requirements of
20.3.2.2.12.3.1 apply, with the performance requirements of Table 160-4 here.

160.3.2.2.12.3.1.1 Axial Slip Clutch. The requirements of 20.3.2.2.12.3.1.1B apply.

160.3.2.2.12.3.1.2 Shock Spring. The requirements of 20.3.2.2.12.3.1.2 apply.

160.3.2.2.12.3.1.3 Deleted.

160.3.2.2.12.3.1.4 Initial Position. The initial position of the -7002 APDA shall meet the
requirements of Figure 160-2.

160.3.2.2.12.3.1.5 Guide Ring Dampers. The requirements of 20.3.2.2.12.3.1.5B apply.

160.3.2.2.12.3.1.6 Guide Ring Centering Spring. The requirements of 20.3.2.2.12.3.1.6B
apply.

160.3.2.2.12.3.1.7 High Energy Dampers. The requirements of 20.3.2.2.12.3.1.6B apply.

160.3.2.2.12.3.2 Load/Stroke. The requirements of 20.3.2.2.12.3.2 apply, under the nominal
operating loads of Table 160-4 here.

160.3.2.2.12.3.3 Maximum Angle of Rotation. The requirements of 20.3.2.2.12.3.3 apply.

160.3.2.2.12.3.4 Rotational Applied Contact and Return Moments. The requirements of
20.3.2.2.12.3.4B apply.

160.3.2.2.12.3.5 Parallel Applied Contact and Return Forces. Contact and return forces
parallel to the interface surfaces shall be:
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Direction of YT axis Direction of ZT axis
Guide Applied Return Applied Return
Ring Contact Force Contact Force

Displacement Force kgf Force kgf
kgf kgf

Priorto Sensor 55+_25 50_+15 55_+15 50_+15Initiation*

50 mm 110+30 90+25 110-+30 90+_._

100 mm 190-+50 160-__50 180__50 160+40
• Note: Sensorinitiationto be at 8 mrr maximum

160.3.2.2.12.3.6 Limit Load. The requirementsof 20.3.2.2.12.3.6 apply, using the velocities
and misalignments of Table 160-4 here.

160.3.2.2.12.3.7 Ultimate Load. The requirements of 20.3.2.2.12.3.7 apply.

160.3.2.2.12.3.8 StalllMaximum Load. The requirements of 20.3.2.2.12.3.8 apply.

160.3.2.2.12.3.9 Aiding Loads. The requirements of 20.3.2.2.12.3.9 apply.

160.3.2.2.12.3.10 Irreversibility. The requirements of 20.3.2.2.12.3.10 apply.

160.3.2.2.12.3.11 Speed/Rate. The requirements of 20.3.2.2.12.3.11B apply.

160.3.2.2.12.3.12 Operational Cycles. The requirements of 20.3.2.2.12.3.12 apply.

160.3.2.2.12.3.13 Mechanical Stops. The requirements of 20.3.2.2.12.3.13 apply.

160.3.2.2.12.3.14 Ring Rotation Moment. The requirements of 20.3.2.2.12.3.14 apply.

160.3.2.2.12.3.15 Fixers. The requirements of 20.3.2.2.12.3.15 apply.

160.3.2.2.13 Commands and Indications. The APDAs shall be designed to respond to the
commands in Table 160-1.APDA -7002 shall be designed to provide the position indicationslisted in Table 160-1.

160.3.2.2.15 Deleted.

160.3.2.2.16 Optical Properties. The requirementsof 20.3.2.2.16 apply.
160.3.2.2.17 Capture-LatchHeaters. The requirementsof 20.3.2.2.17 applyto APDA -7002.
160.3.2.3 Reliability.The requirementsof 3.2.3 applyexceptthatfor the ICM theAPDAs
shallbe single-failure-tolerantfor bothdockingandundocking.
160.3.2.4 Maintainability. The requirementsof 3.2.4 apply.
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Table 160-1. Command and Indication Requirements for APDA -7002
COMMAND

Ring Out Extend capture ring to initial position or final position
Ring In Retract capture ring to final position
Open Hooks Open structural hooks (System 1 & 2)
Close Hooks Latch structural hooks (System 1 & 2)
Open Latches Open capture latches to release position
Close Latches Latch capture latches to ready-to-capture position
Fixer Off Unlock fixers (five ballscrew-and-nut differentials)
Active Hooks Fire Initiates pyros for 12 active hooks

EVENT
Ring Initial Position Capture ring ready to dock
Ring Final Position Capture ring retracted. Final position sensors shall initiate if

interface surface of ring is 4.5 + 3 mm lower than seal interface
of assembly.

Ring Aligned Capture dng centered ( five sensors aligned)
An 8 mm deflection or l°18 ' rotation of the guide ring from the
initial position, fixers off, parallel to the seal interface in any
directionshall actuateoneof the misalignmentsensors.

Ring ForwardPosition Capture ringextended
Hooks1 Open Structuralhooksopen (System 1, six hooks)
Hooks1 Closed Structuralhooksclosed(System1, six hooks)

_- Hooks2 Open Structuralhooksopen (System 2, six hooks)
Hooks2 Closed Structuralhooksclosed(System2, six hooks)
HookClosedPosition Verifiesclosureof each activestructuralhook
Indicator

LatchesRetracted Capturelatchesreadyto capture(three latches)
LatchesExtended Capturelatches released(three latches)
LatchesExtended Capturelatchesmanuallyreleased
(Manual)

Fixer Off Fixers (fiveballscrew-&-nutdifferentials)unlocked
Ready To Hook Seal interfacewithinreachof structuralhooks
UndockingComplete UndockingComplete
Interface Sealed Structuralseal compressed
InitialContact Signalfrom any one of fivealignmentsensors
Capture Contactsensorson ringactuated
LinearTranslation Lineartranslationof guidering
TemperatureSensors Monitortemperatureof variouscomponents

160.3.2.5 Environments. APDA requirementsof 3.2.5 apply,withthe following
correspondences:

Requirementson -7001 inJSC 26938 applyto -7002 here.
Requirementson -8001 inJSC 26938 applyto -8002 here.

160.3.2.6 Transportability.The requirementsof 3.2.6 apply.

160.3.3 Designand Construction.The requirementsof 3.3 apply.
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160.4. QUALITY ASSURANCE PROVISIONS

160.4.1 General Requirements. The requirements of 4.1 apply.

160.4.2 Quality Conformance. The requirements of 4.2 apply.

160.4.2.1 Development. The requirementsof 4.2.1 apply.

160.4.2.2 Acceptance.

a. APDA. The requirements of 20.4.2.2 apply, with the inspections and tests of Table 160-2here.

b. Pigtail Cables. The requirementsof 130.4.2.2 apply.

c. PyrotechnicRelease Devices.The requirementsof 120.4.2.2 apply.

160.4.2.2.1 Examinationof Product. The requirementsof 20.4.2.2.1 apply.

160.4.2.2.2 ElectricalCircuitVerificationTest. The requirementsof 20.4.2.2.2 apply.

160.4.2.2.3 ElectricalInsulationResistanceTest. The requirementsof 20.4.2.2.3 apply.

160.4,2.2.4 DielectricStrengthTest. Test each electromechanicaldeviceat the component
level (subassemblylevel testingis acceptable)to 200 Vac from case or enclosureto any circuit
and betweenmutuallyinsulatedparts for one second. Verify no arc-overor leakage greaterthan 100 milliamperes.

160.4.2.2.5 FunctionalPerformanceTests

160.4.2.2.5.1 Guide RingTest. The requirementson APDA -7001 in20.4.2.2.5.1 apply toAPDA -7002 here.

160.4.2.2.5.1.1 No Back Functional. The requirementsof 20.4.2.2.5.1.1 apply to APDA -7002here.

160.4.2.2.5.2 FixerTest. The requirementsof 20.4.2.2.5.2 applyto APDA -7002.

160.4.2.2.5.3 Interface SensorTest. The requirementsof 20.4.2.2.5.3A applyto APDA -7002.

160.4.2.2.5.4 StructuralHookTest. The requirementsof 20.4.2.2.5.4 apply to APDA-7002.
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Table 160-2. APDA Acceptance Requirements
InsDectionandTest Seauence APDA

-7002 -8002
Examination of Product 160.4.2.2.1 x x
Electrical Circuit Verification 160.4.2.2.2 x x
Electrical Insulation Resistance 160.4.2.2.3 x x
Dielectric Strength 160.4.2.2.4 x
Functional Performance Tests

Guide Ring 160.4.2.2.5.1 x
Fixer 160.4.2.2.5.2 x
Interface Sensor 160.4.2.2.5.3 x
Structural Hook 160.4.2.2.5.4 x
Capture Latch 160.4.2.2.5.5 x
Heater 160.4.2.2.5.6 x
High-energy damper 160.4.2.2.5.7 x
Instrumentation Calibration 160.4.2.2.5.8 x

Acceptance Vibration 160.4.2.2.6 x x
Loads

Axial Stiffness in Initial Position 160.4.2.2.7.1 x
Retraction Force 160.4.2.2.7.2 x
Restraining Force 160.4.2.2.7.3 x
Body Latch Load 160.4.2.2.7.4 x

-_ Capture Latch Force 160.4.2.2.7.5 x
CaptureLatchUnlatchForce 160.4.2.2.7.6 x
TranslationCapability,YT & ZT axes 160.4.2.2.7.7 x
RotationalCapability,YT & ZT axes 160.4.2.2.7.8 x
RotationalCapability,XT axis 160.4.2.2.7.9 x

AcceptanceThermalVacuum 160.4.2.2.8 x
APDA BodyComponentProofPressure 160.4.2.2.10 x x
OpticalProperties 160.4.2.2.13 x x
Weight Measurement 160.4.2.2.14 x x

160.4.2.2.5.5 Capture-LatchTest. The requirementsof 20.4.2.2.5.5 applyto APDA-7002.

160.4.2.2.5.6 Heater Test. The requirementsof 20.4.2.2.5.6 apply.

160.4.2.2.5.7 DamperTests. The requirementsof 20.4.2.2.5.7 applyto APDA -7002.

160.4.2.2.5.8 InstrumentationCalibrationTests. The requirementsof 20.4.2.2.5.8 apply toAPDA -7002.

160.4.2.2.6 AcceptanceVibrationTests. The requirementsof 20.4.2.2.6 apply.

160.4.2.2.7 LoadsTests

160.4.2.2.7.1 Test of Axial Stiffnessin InitialPosition. The requirementsof 20.4.2.2.7.1 applyto APDA -7002.
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160.4.2.2.7.2 Retraction Force Test. The requirements of 20.4.2.2.7.2 apply to APDA -7002.

160.4.2.2.7.3 Restraining Force Test. The requirements of 20.4.2.2.7.3 apply to APDA7002.

160.4.2.2.7.4 Body Latch Load Test. The requirementsof 20.4.2.2.7.4 apply to APDA -8002.

160.4.2.2.7.5 Capture Latch Latching-Force Test. The requirements of 20.4.2.2.7.5 apply toAPDA -7002.

160.4.2.2.7.6 Capture LatchUnlatching-ForceTest. The requirements of 20.4.2.2.7.6 applyto APDA -7002.

W'_ theCaptureLatchesopen,measurethe forcerequiredtoreleasethe CaptureLatchesusinga
counterbalancedtestringto simulateundocking.Forceto releaseopenlatchesshallnotexceed12kgf.

160.4.2.2.7.7 TranslationCapabilityTest (YT & ZT axes). The requirementsof
20.4.2.2.7.7(B) applyto APDA -7002.

160.4.2.2.7.8 RotationalCapabilityTest (YT & ZT axes). The requirementsof 20.4.2.2.7.8(B)apply to APDA -7002.

160.4.2.2.7.9 RotationalCapabilityTestAboutXT axis. The requirementsof 20.4.2.2.7.9(B)applyto APDA -7002.

160.4.2.2.8 AcceptanceThermalVacuumTest. The requirementsof 20.4.2.2.8 apply.

160.4.2.2.9 Deleted.

160.4.2.2.10 APDA Body-ComponentProof-PressureTest. The requirementsof 20.4.2.2.10
applyto the body componentsof APDAs -7002 and-8002.

160.4.2.2.11 Deleted.

160.4.2.2.12 Deleted.

160.4.2.2.13 Optical-Properties Test. The requirementsof 20.4.2.2.13 apply.

160.4.2.2.14 Weight Measurement. The requirements of 20.4.2.2.14 apply.

160.4.2.3 Assessment. The requirements of 4.2.3 apply.

160.4.2.4 Certification. The requirements of 20.4.2.4 apply.
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160.4.2.4.1 Qualification Tests.

a. APDA. Qualification testingshall be in conformancewith the requirements of this
paragraph. Where and to the extentqualificationis accomplishedby test, qualification-
test specimensshallbe subjectedto the testsspecifiedin Table160-3.1 in the sequence
shown. Qualificationtest hardwareshall be of thesame configurationas APDA -7002
flighthardware.

b. Pigtail Cables. The requirements of 130.4.2.4.1 apply.

160.4.2.4.1.1 Examination of Product. The requirements of 20.4.2.4.1.1 apply.

160.4.2.4.1.2 Transportation-Strength Test. The requirements of 20.4.2.4.1.2 apply.

160.4.2.4.1.3 Qualification Vibration Test. The requirements on APDAs -7001 and -8001 of
20.4.2.4.1.3 apply to APDA -7002 here.

160.4.2.4.1.4 Shock-BasicDesignTest. The requirementson APDAs -7001 and -8001 of
20.4.2.4.1.4 apply to APDA -7002 here.

160.4.2.4.1.5 AcousticNoiseTest. The requirementson APDAs -7001 and -8001 of
20.4.2.4.1.5 apply to APDA -7002 here.

Table 160-3.1. APDA QualificationRequirements
zegu_e,a APDA

-7002
Acceptance(Examinationof 160.4.2.2 x
Product,Dome LestTest only)
Examinationof Product 160.4.2.4.1.1 x
TransportationStrength 160.4.2.4.1.2 x
QualificationVibration 160.4.2.4.1.3 x
Shock-BasicDesign 160.4.2.4.1.4 x
AcousticNoise 160.4.2.4.1.5 x
DisassemblyInspection 160.4.2.4.1.14 x

160.4.2.4.1.6 Deleted.

160.4.2.4.1.7 Deleted.

160.4.2.4.1.8 Deleted.

160.4.2.4.1.9 Deleted.

160.4.2.4.1.10 Deleted
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160.4.2.4.1.11 Deleted

160.4.2.4.1.11.5 Deleted.

160.4.2.4.1.11.6 Deleted.

160.4.2.4.1.11.7 Deleted.

160.4.2.4.1.11.8 Deleted.

160.4.2.4.1.11.9 Deleted.

160.4.2.4.1.12 Deleted.

160.4.2.4.1.13 Deleted.

160.4.2.1.14 Disassembly Inspection. The requirements of 20.4.2.4.1.14 apply.

160.4.2.4.2 Certification by Analysis. The requirements of 20.4.2.4 apply. Seller shall
provide data in a report to demonstrate certification of the following requirements by analysis:

Table 160-3.2. Analysis Requirements

Analysis Paragraph APDA
-7002 -8002

Qualification Thermal Vacuum 20.4.2.4.1.7 x x
Six Degree of Freedom (Modeling) 20.4.2.4.1.9 x
Service Life 20.4.2.4.1.10 x x
Loads 20.4.2.4.1.11
Extend/Retract Mechanism Limit Load 20.4.2.4.1.11.1 x
Extend/RetractMechanism UltimateLoad 20.4.2.4.1.11.2 x
Capture and Body Latch Ultimate Load 20.4.2.4.1.11.3 x x
Simultaneous Loads 20.4.2.4.1.11.4 x x
Structural Hook Component Loads 20.4.2.4.1.11.5 x x
Ultimate Translational Load 20.4.2.4.1.11.6 x
Ultimate Rotational Load 20.4.2.4.1.11.7 x
Fixer Limit Load 20.4.2.4.1.11.8 x
Fixer Ultimate Load 20.4.2.4.1.11.9 x
Pyrotechnic Shock 20.4.2.4.1.12 x
Pressure 20.4.2.4.1.13 x x

160.4.2.5 Verification Requirements Matrices. The Seller's verification program shall satisfy
the performance and design verification requirements specified in Table 160-3.3.
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Table 160-3.3 Performanceand DesignVerification Matrix

VERIFICATION METHOp

1. Analysis 3. Test

2. Assessment a. Development
a. Inspection b. Qualification

b. Review of Design c. Acceptance

N/A - Not Applicable

Section Verification MethodI Related
160.3 and 160.5 1 2 3 Section160.4

RequirementNo. Requirements N/A a b a b c ReqmntNo.
160.3 REQUIREMENTS X

160.3.1 Item Definition X

160.3.1.1 Subsystem Definition X X 160.4.2.2.1

160.3.1.1.1 Functional Definition X 160.4.2.2.2
160.3.1.2 Interface Definition X

160.3.1.2.1 Electrical Power Characteristics X X 160.4.2.2.1

160.3.1.2.1.1 Electrical Interface and Connectors X X 160.4.2.2.1
160.3.1.2.1.2 Resource-Transfer Umbilicats X

160.3.1.2.1.2.1 Mounting and Pin Assignments X X 160.4.2.2.1

160.3.1.2.1.2.2 Engagement and Disengagement X 160.4.2.2.2

160.3.1.2.2 Mounting X X 160.4.2.2.1

160.3.1.2.3 -8002 APDA-to-ICM Interface X X 160.4.2.2.1

160.3.1.2.4 -7002 APDA-to-FGB Interface X X 160.4.2.2.1

160.3.1.2.5 Active-APDA-to-Passive-APDA X 160.4.2.4.2
Interface

160.3.1.2.6 Pressure X 160.4.2.4.2

160.3.1.3 Item Identification X 160.4.2.2.1

160.3.1.3.1 Cable Set Identification IX 160.4.2.2.1
160.3.2 Characteristics X

160.3.2.1 PerformanceCharacteristics X 160.4.2.2.1
160.3.2.1.1 Life X

160.3.2.1.1.1 !Operating Life X 160.4.2.4.2
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Table 160 -3.3 Performance and Design Verification Matrix (Cont'd)

becuon Verification Method Related

160.3 and 160.5 1 2 3 Section160.4

Requirement No. Requirements N/A !a b a b c Reqmnt No.

160.3.2.1.1.2 Useful Life X 160.4.2.4.2

160.3.2.1.1.3 Shelf Life X 160.4.2.4.2

,160.3.2.1.1.4 Pyrotechnic Release Devices X 160.4.2.4.2

160.3.2.1.2 CG and Moment of Inertia X 160.4.2.4.2
160.3.2.1.3 Forces, Moments and Dynamic X 160.4.2.4.2

Excursion Limit

160.3.2.1.4 Vehicle Undocking X 160.4.2.2.2

160.3.2.2 Physical Characteristics. X 160.4.2.4.2

160.3.2.2.1 Envelopes. 160.4.2.2.1
160.3.2.2.1.1 Interface Hardware X

160.3.2.2.1.1.1 Resource-Transfer Umbilicals X 160.4.2.2.1

160.3.2.2.1.1.3 Docking Target X 160.4.2.2.1

160.3.2.2.1.1.4 Pigtail Cables X 160.4.2.2.1

160.3.2.2.2 Weight. X 1160.4.2.2

160.3.2.2.3 Strength =X 160.4.2.4.2

160.3.2.2.4 Factors of Safety X 160.4.2.4.2

160.3.2.2.5 Fracture Control X 160.4.2.4.2

'160.3.2.2.6 Fatigue X 160.4.2.4.2

160.3.2.2.7 Creep X 160.4.2.4.2

160.3.2.2.8 Insulation Resistance X 160.4.2.2.3

160.3.2.2.9 Dielectric Strength X 160.4.2.2.4

160.3.2.2.10 Exterior Surface Finish X 160.4.2.4.2
160.3.2.2.11 Cycle Definition X

160.3.2.2.12 Subsystem Requirements X

160.3.2.2.12.1 Capture-Latch Mechanism of APDA X 160.4.2.2,-7002

160.3.2.2.12.2 Structural Hook Mechanism X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.2.1 Load/Stroke X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.2.2 Limit Load X 160.4.2.2

160.3.2.2.12.2.3 Ultimate load X 160.4.2.2
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Table 160 -3.3 Performance and Design Verification Matrix (Cont'd)

Section I. Verification Method Related

160.3 and 160.5 I 1 2 3 Section 160.4Requirement No. Requirements N/A a b a b c Reqmnt No.

160.3.2.2.12.2.4 Stall/Maximum Load X 160.4.2.2

160.3.2.2.12.2.5 Aiding Loads X 160.4.2.2

160.3.2.2.12.2.6 Irreversibility X 160.4.2.2
160.3.2.2.12.2.7 Speed/Rate X 160.4.2.2
160.3.2.2.12.2.8 OperationalCycles X 160.4.2.2

160.3.2.2.12.2.9 MechanicalStops X 160.4.2.2
160.3.2.2.12.2.10 rPyrodevices X 160.4.2.2
160.3.2.2.12.3 Extend/RetractandAttenuation X 160.4.2.2

Mechanisms

160.3.2.2.12.3.1 SystemStiffnessand Damping IX 160.4.2.2
Characteristics

160.3.2.2.12.3.1.1 Axial SlipClutch X 160.4.2.2

160.3.2.2.12.3.1.2 ShockSpring X 160.4.2.2
- 160.3.2.2.12.3.1.4 InitialPosition X 160.4.2.2

160.3.2.2.12.3.1.5 Guide Ring Dampers X 160.4.2.2,
160.4.2.2.5.1

160.3.2.2.12.3.1.6 Guide RingCenteringSpring X 160.4.2.2
160.3.2.2.12.3.1.7 High EnergyDampers X 160.4.2.2

160.3.2.2.12.3.2 Load/Stroke X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.3.3 MaximumAngleof Rotation X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.3.4 RotationalAppliedContactand X 160.4.2.2,
ReturnMoments 160.4.2.2.7

160.3.2.2.12.3.5 ParallelAppliedContactand Return X 160.4.2.2,
IForces 160.4.2.2.7

160.3.2.2.12.3.6 Limit Load X 160.4.2.2
160.3.2.2.12.3.7 UltimateLoad X 160.4.2.2
160.3.2.2.12.3.8 Stall/MaximumLoad X 160.4.2.2
160.3.2.2.12.3.9 AidingLoads X 160.4.2.2
160.3.2.2.12.3.10 Irreversibility X 160.4.2.2
160.3.2.2.12.3.11 Speed/Rate X 160.4.2.2
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Table 160 -3.3 Performance and Design Verification Matrix (Cont'd)

:Section I Verification Method Related

160.3 and 160.5 !1 I 2 3 Section 160.4
Requirement No. Requirements N/,_ a b a b c Reqmnt No.

160.3.2.2.12.3.12 Operational Cycles X1160.4.2.2

160.3.2.2.12.3.13 Mechanical Stops X'160.4.2.2

160.3.2.2.12.3.14 Ring Rotation Moment X 160.4.2.2,
160.4.2.2.7

160.3.2.2.12.3.15 Fixers X 160.4.2.2,
160.4.2.2.5.2

160.3.2.2.13 !Commands and Indications X 160.4.2.2

160.3.2.2.16 Optical Properties X 160.4.2.2

!160.3.2.2.17 Capture-LatchHeaters IX 160.4.2.2,
160.4.2.2.5.6

160.3.2.3 Reliability X 1160.4.2.4.2
160.3.2.4 Maintainability X 160.4.2.4.2
160.3.2.5 Environments X 160.4.2.2

160.3.2.6 Transportability X 160.4.2.4.2
160.3.3 Designand Construction X 160.4.2.4.2

5 Preparationfor Delivery X
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160.5 PREPARATION FOR DELIVERY. The requirements of Section 5 apply.

160.6 NOTES. The requirements of Section 6 apply.

160.7 FIELD SUPPORT EQUIPMENT

The following field support equipment is a part of the deliverable hardware covered by this
specification:

1. Carriage VK.7809-2006 1

2. Carriage VK.7809-1424 AM 1
3. Ring with attachment hardware 11N565.1762-11 2

4. Strut with attachment hardware 11N565.1762-19 6

5. Test cables for the -7002 X3 and X4 connectors to simulate the FGB side of the
interface

160.8 SPARES AND GROUND PROCESSING

160.8.1 Spares. Spares, suchas seals, grease,and other consumable, as required to support
.... processingof the APDAs at NRL and KSC, shall be providedwiththe deliveryof the APDAs.

160.8.2 GroundProcessing. Requirementsfor maintenanceand supportof the APDAs for
groundprocessingshallbe definedinthe OperationsManual,paragraph12.15 of QA 12.

160.9 DOCUMENTATION FOR ICM APDA

160.9.1 The following documents shall be updated and resubmitted to include the work
required by this Appendix XVI.

CM 04 As-BuiltConfigurationRecord

QA 12 AcceptanceData Package

RA 22 FailureModesand EffectsAnalysis/CriticalItemsList (Appendix)
RA 24 Problem Reportingand CorrectiveAction

SA 07 RiskAssessmentReport(Appendix)

SE 03 DrawingsandAssociatedLists(Envelope/Assemblydrawings,Parts
Lists,EngineeringChanges,Schematics)
TM 06 Test and AnalysisReports

TM 11 QualificationandAcceptanceTest Procedures
QA 15A PyrotechnicData
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160.9.2 The followingdocuments need not be updated, but are applicable to the work
performed by this Appendix XVI:

CM 01 Configuration Management Plan

PG 01A Packagingand Transport Data
QA 01 Quality Assurance Plan

SA 05 System Safety Plan
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Table 160-4. Forces, Moments and Dynamic-Excursion Limits
APDA -7002 PERFORMANCE REQUIREMENTS

a. Capture and attenuatewiththe followingmass properties
Orbitersee Table160-6 FGB see Table 160-7

b. ContactConditionLimits(10)

Axial Velocity 0.0 to 0.2 ft/sec
(0.0 to 70.0 mnVsec)

Lateral Velocity 0!-_0.15ft/sec (radial)
AngularVelocity O-J:0.20deg/sec/axis
Lateral Misalignment(8) 0!-_4.2in (radial)
AngularMisalignment 0-J:4.0deg/axis(2)

AboutXT:0-z4.0deg

c. APDA Matingand DematingForcesand Moments
Docking ExtensionatMechanical Retractionat

Stop MechanicalStop
Load -7002 -8002 -7002 -8002 -7002 -8002

Tension 1000kgf 1000+50 n/a n/a 2200kgf° 2200kgf*
kgf

.... Compression 1000kgf 1000-+50 1000kgf* n/a n/a n/a
(Static) kgf
Compression 1900kgf 1900kgf rda rVa n/a n/a
(Dynamic-
< 0.1 sec.)
Shear(7) +500kgf -+500kgf n/a n/a n/a n/a
Bending(7) -+500kgf-m -+500kgf-m +500kgf-m -+500kgf-m n/a n/a
Torsion -+300kgf-m +300kgf-m -+300kgf-m -+300kgf-m n/a n/a

" = APDA internal loadsnot transmittedto FGB
d. Vehicle RelativeDynamicRotationLimitsDuringMating (6)

0 =_._, 13°
e = 13°

e. UndockingSeparationConditions(3) e
In accordancewith 3.2.1.4

FORM M 131-H-2 REV 9-87 7-17-98
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Table 160-5. Forces, Moments and Dynamic Excursion Limits

MATED DESIGN LIMIT LOADS (1) (4) (5) (9)
APDA -7002/-8002

(12 Structural Hooks Engaged)

CASE1 CASE2 CASE3 CASE4(-8002only)
Axial -+500kgf(1100 -+500kgf(1100 +1800kgf (3970 +1360kgf(3000

Ibs) Ibs) Ibs) Ibs)

Shear(7) -+500kgf (1100 -+500 kgf (1100 -+1360kgf (3000 -+1820kgf (4000
Ibs) Ibs) Ibs) Ibs)

Bending(7) -+4000kgf-m -+6650kgf-m -+4000kgf-m _+4960kgf-m
(346,800in-lbs) (577,000in-lbs) (346,800in-lbs) (430,000in-ibs)

Torsion _+6650kgf-m -+4000kgf-m -+4000kgf-m _+690kgf-m
(577,000in-lbs) (346,800in-lbs) (346,800in-lbs) (60,000in-lbs)

Notes for Tables 160-4 and 160-5.

(1) Thesevalues are 3s maximaandshall be appliedsimultaneouslyin a statistically
appropriatemanner,providedthat the reach capabilityof the internal petalsis notexceeded

(2) 4 deg. aboutany axis withinthe Orbiterx-y (YT - ZT) plane.
(3) Impulseshallbe appliedat the center of the dockinginterfaceandalong themechanismXTaxis.

(4) Fordesignpurposes,the loadsand momentsshallapplysimultaneously. Loads
shall be appliedat thecenter of thedockinginterface.

(5) These are maximumcase-consistentloads.
(6) These can be simultaneousdynamicrotations.
(7) Value is a vectorsum

(8) Lateral misalignmentis definedas the minimumdistancebetweenthe center of
the active ringof theAPDA andthe longitudinalaxisof thecapture ringof the
passiveAPDA at the momentof firstcontactbetweenthe guidepetals.

(9) Loads(Table 160-5) and FatigueLoadSpectrum(Table 160-8) are givenon the
basisof loadcarryingcapacityof thedockingassemblyand doesnot exceedthe
confirmedscope of tests for APDAs -6001, -7001, or -8001.

(10) Orbiter RCS jets willbe usedduringdockingto assistcapturedynamics. Two
nose, FID and F2D, andtwo tail, L3D and R3D, jets willbe operatedfromfirst
contactto capture. A 1.0 second pilotreactiontime,startingfromfirst contact, is
assumedbeforethe PRCS jets are activated. PostContactThrusting(PCT) shall
consistsof three 80 millisecondnoseandtail jet firingswith160 milliseconddelay
betweenthem, a 1.0 second wait, andfinallyfour 160 millisecondnoseandtail
firingswith 80 milliseconddelaybetween them. Each RCS pulsefor docking
operation,hasa ramp-uptimeof 0.01 secondsto themaximumforces or
momentsshowninTable 160-5.1. Forces/Momentsstay at the specifiedlevels
for 0.070 secondsfor the first phaseof firing,and for0.150 secondsfor the
secondphase of firing. The ramp-downtimefrom the maximumvalueto zero is
also0.010 seconds.
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Table 160-5.1. RCS Forces and Moments

Fxo = -152.28 kg
Fyo = 0

Fzo = 1113.85 kg
Mxo = 16.933 kg-m
Myo = 5026.63 kg-m
Mzo = 2.31 kg-m

Table 160-6. Orbiter Mass Properties
PRODUCT OF

C.G. (in) MOMENT OF INERTIA INERTIA

WEIGHT (slug-ft2 x 105) (slug-ft2 x 105)
(Ibs) X0 Y0 Z0 Ixx Iw lzz Pxv Pxz Pvz

247983(high) 1092.7 -0.2 375.7 10.98 75.62 77.54 7.(_2 2499.06-81.96
205713 (low)

1102.1 -0.15 372.24 10.57 75.76 75.72 18.55 2568.18 77.36

_ Table 160-7. ICM/ISSMass Properties
ICM ISS 2A.1

Attachment To Assembly
Orbiter Stage

Weight (kg) 9182 56985
Moment of Inertia (kg-m2)

Ixx 17749 7566793
lyy 17129 7467926
Izz 17924 232051

Products of Inertia (kg-m 2)
Ixy +1124 -13
lyz -52 -3082
Ixz -105 -140534

c.g. offset from docking I/F (m)
X 0.00 -0.081
Y 0.00 0.0
Z 2.41 21.39

RELATIVE ALIGNMENT IN SPACE STATION AXIS OF
ORBITER STRUCTURAL ALIGNMENT

AXIS

X Positive X Negative Z
Y Positive Y Negative Y
Z Positive Z Negative X

Mass properties are in the orbiter structural coordinate system. All products of inertia are
negative integrals,

FORM M 131-H-2 REV 9-87 7-17-98
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Table 160-8. Fatigue Load Spectrum

Amplitude Tier -7002/-8002 APDA

Percent of Limit Load Cycle Count

90-100 10

80-90 50

7O-80 100

60-70 700

50-60 1,000

40-50 4,000

30-40 22,000
20-30 50,000

15-20 50,000

10-15 400,000

5-10 5,000,000

2.5-5 5,000,000

FORM M 131-H-2 REV 9-87 7-17-98
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1. DIMENSIONS SHOWN XXX ARE IN US STANOAND (INCHES)
(XXX) ARE IN METRIC (MM)

_) 2. U.S.A, SHALL PROVIDE 2 GROUNDING STRAPS BETWEEN DOCKINGMECHANISM AN0 BASE ANO 2 ATTACH LOCATIONS AS SHOWN ON SHEET 4.
(" NSG-E SHALL PROVIDE 2 GROUNDING LOCATIONS AS SHOWN ON SHEET 4
('_ AND 2 BOLTS.

3. rOB APDA INTERCONNECTING ELECTRICAL CABLES SEE TABLE TOO
_L_ _lV Or THIS SPECIFICATION.

4, SEAL : MATERIAL SI-1SBT TYSS-40SSS-Y2
SHORE HARDNESS SO-GS
COMPRESS LOAD 28.54 - 39.95 LB/INCH (S-T N/m) -"

_ S. BOLT: MlO-Sg: MATERIAL:FINISH : PASSIVATESTAINLESSQTGhleN6
'" MECHAHICA_ PROPEBTIES: Fin KSl(N/mm_) Pry KSt(N/mr_} [L{_)
(.#i TANGENTIAL 1,6.,_11S0} 13T..(.SO) S

174.2 _1200 145.1(1000) 12
_r) AXIAL
*. RADIAL 152.4 1050 130.6(900) 6

(_ _ S. RS¢-( DASE MATERIAL: AL ALLOY AMrS.UrlNtSH : CNEM FILM ANODIZE
"_ MECHANICAL PlOP(RIlES: Ftu KSI(N(m_2) fty lSl(N/mm2) EL (S)

TANGENTIAL 42- 1129Q / 17.4{I,01 11
AXIAL 42.1 290 17,4 lid II

4 RACIAL 42.1 290 IT.4 120 II

_ T. ALICNNSNT PIN MATERIAL: TITANIUM ST-ISFINISH: NONE
_) MECHANICAL PROP_ RTIES: Pin K$1(H_mm2) Fit KSl(N/mm2) EL(S)

137.SIiS01 123.418S0 1 lOS
(_) TANGENTIAL 13F.D iS0 123.4 0SO lOSAXIAL

RADIAL 137.9 iS0 123.4 850 lOS

TORQUE0 TO 364.0t9.0 IN-LOS 4.010.1KGr M)
B, THESE BOLTS TO BE PAIRS USING .020 01A LOCKWIR_.LOGNWIR( BOLTS IN

9, FACILITY GROUND STUD, FACILITY GROUNDING CABLE MUST BEATTACHED AT THiS LOCATION AT ALL TIME

tO. PROVIDED BY RSC-E

i_ II. CONNECTOR KEWAY$ AS SHOWN

12. Xt. Yi. El OENOl[ MECHANISM TIlT AXIS

13. ICM:
MATERIAL: ALUMINUM ALLOY GOSI-TSSi
FINISH: CHEM FILM PER MIL-C-SS41. GLASS 3

ACROSS EACH INTERFACE CODEG _ SHALL
14, NOTLEAKAGEEXCEEDOF SEALINGo.QSLOS/DAY(SSs/DAT)SURFACE WflEN INTERIOR IS PRESS...-ZCO TO

14.FIG*2 PSI(TO0 t10 mml4¢) IN 1HE DOCKED OR MATE0 MODE

15. RSC-E SHALL DESIGN THE EXTERNAL THERMAL BLANKETS TO DE REMOVABLE
AND RE-INSTALLAOL( WITHOUT DAMAGE. RSC-E SHALL DELIVER THE EXTERNAL iCiTil_01r_1002

..ERNA<.LA.KE'ASLOOSEEOU'P"E"'T"ES',.BUX'GONNEC'ORSA"O BA I _-------_^ Bmm

THE EXTERNAL METAL COVERS SHALL BE TEMPORARILY INSTALLED ON THE
MECHANISM, FASTENERS TO BE HAND TIGHT ONLY.

17, USA WILL PNOVIOE ANG IHSTALL THE CAMERA ALIGNMENT GROSS HAIR ASSEMBLY

18. DRILL PLATE TO BE PROVIOED BY RSC-E.

IS. USA TO PROVIDE KNCML--4 X 0.TS INSERTS* OTY, 120 CUR INSTALLING EXTERNAL
METAL COVENS AND KNML-10 X I.SSP INSERTS. OTY G, FOR ATTACHMENT 0T
CAMERA AND LIGHT MOUNTING ASST.

USA TO PROVIDE CONNECTORS XFSI(NBSH18-32PSW) AND XFE2{NDSHtS-S2PSN):

O 20 PROV,OEOCONNECTORS-,LL,.DLU0E_SE_LS"_ ,_ _A_S;._:_R
MAX PRESSURE LEAK RATE IS I X 10 CM PER GE_. AI / u_ L L A_*2
OIFFERENTIAL PRESSURE. IT IS ALLOWED TO FILE OFF THE TOROU( PIN ON THE
FLANGE OF THE CONNECTORS PRIOR TO INSTALLATION, in THAT CASE, HOLES in _ ii-$002
THE STRUCTURE IS NOT REOUIREO

21. TOROUE CONNECTOR JAM NUTS TO S0-8S IN/LSS (0.86-0.93 KGTN) LOCKWIRE j
NUTS TO EACH OTHER.

22, THE TOLERANCE OF MOUNTING PADS AND THEIR HOLE PATTERNSAS RELATED TO THE MECMANISN AXIS TO 8( t1*

23. U.S.A WILL PROVIDE AND INSTALL BUSHINGS INTO THE I
MECHANISM STRUCTURE PRIOR TO ITS MOUNTING ONTO THE
AIRLOGK BASE.

ALL ENVELOPE GIMENSIONS. IR4ERE APPLICAOLE. Do NOT
24, INCLUOE THERMAL BLANKET THICKNESS. THICKNESS OF

SLANKET WALL IS:
.II-,4O(S-10 in)- ON THE GROUND
,78(20 Hi) MAX, UNRESTRICTED- ON ORBIT

I
Xo 731.60

I CM CONF I GURAT ION
MC621-0087-7002 _pkFIGURATIONSCALE: NONE (33Y.6201 .00B-1

,1=m,.,,=r-,,_,.rtl&gff
_,';r'--G-

---,, --.,, ,,.,.,,,,, SPECCOHIROLDRAWING-
:1_'_,,.,-w ISSA'DO(_INGIIEQ'IANISM

IHT[IFAC[RE_IR(II[RT$

,,..,, .,, e I 7 I 6 1 5 t 4 [ _ = .0/:,,,







,.,, 1 -e- t,:,; ,.
lilT) I(. " , O__ l I

/ . __u_
=_.1_4,I I A /_ is; 11ill

"" # .ol,,<:,,_
/ ILl ---i.411(381

_l.si(/ll) R('T p-_'_l.li(?li) l(r

-.-,,,.,,,.,.,,.,.,, VI EW D--Dr__B v i EW R-Rr_] '_
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V I EW U [_3-E] SCALE: I/2 SCALE: 1/2RESOURCE TRANSFER UMBILICAL
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VIEW H_e / ViEW G_-_e
SCALE: l/2 SCALE: 1/2

mD RESOURCE TRANSFER UMBILICAL ] I RESOURCE TRANSFER UMBILICAL X2
CONNECTOR LOCATIONS CONN[CTOR LOCATIONS

j / ,,, \D /

B *.46(t*,)

1.41(is*) _.T3(eZ)

ViEW Er_-_o ViEW Fm-_oscALE:,,'2 M¢621-0087-7002
SO.L,:,/2 .ESOU.CETRANS'E"_.e,L'CAL_S CONF IGURAT ION
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CONNECTOR LOCATIONS
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NOT [ S : rEVISE0oT/10/.almy t. Aa(UtAm

I. DIMENSIONS SHOWN XXX ARE IN US STANDARD (INCHES) ¢. KAIA_IA 07/3@/J$
(xxx) AREIN UETml¢ (WJ} H

*-_ _ 2. USA PROVIDES 2 GROUNDING STRAPS BETWEEN DOCKING MECHANISM AND THE IGM
NSO-E PROVIDES 2 GROUNDING LOCATIONS AS SHOWN ON SHEET 4 AND 2 DOLTS

3. FOR APDA INTERCONNECTING ELECTRICAL CARLOS 5[[ TABLE TBD

OF THIS SPECIFICATION.
L_ _ 4. SEAL : MATERIAL SI-IS67 TYSB-4OSES-?2..... _ ...._.,... .^ mR

...k DOMPREES LOAD _8.$4 - _S.S_ LG/INCH (5-7 N/mm)

.-s

S, DOLT: M10-G0: MATERIAL: STAINLESS DTChlNNDfINISH : PASSIVATE --

__) MECHANICAL PROPERTIES: rtu KSI(N/m.2) Try NSl_N/mm2) EL(E)

TANGENTIAL I6' SiltED I 137.9(,S0) ,
G AXIAL 174.2 12OR IAS.1llDOO) 12

RADIAL 1S2.4 tOSO 130.D(SOO) B

_l _ S, RSC-E BASE MATERIAL: AL ALLOY ANrE.M
-*_ FINISH : CNEM FILM ANOO(Z[

MECHANICAL PROPERTIES: Ttu KSl(N/mm2) FIT RSi(N/mm2) EL(Z)

*ANOENTAL ''1"01 IT'll"I 1,AXIAL 42,1 290 17.4 120 1!
._ _ RADIAL 42.1 2S0 1T.A 120 It

_ 7. ALIGNMENT PiN MATERIAL: TITANIUM BT-14FINISH: NONE

_) M(CNANICAL PROPERTIES: Flu KSl{N/rm_2) TIT KSl(N/mm2) EL{E)

TAN°ENTALlSTSIDS011.1.SDI lOSCO AXIAL 137.9 950 121.4 SSO IOZ

RADIAL 1S7,B 9S0 123.4 DSO 10S

8. THESE BOLTS TO BE TORQUED TO 364.OtE,O IN-LOS (4.Ot.t NET M)
LOCKWIRE BOLTS IN PAIRS USING .O2O BIA LOGI_IR(.

B. PROVIDEB BY RSG-E

-- _lO. DONNECTOR KEYWAYS AS SHOwN

II, St* Yt* Zt DENOTE MECHANISM TEST AXIS

12. ION INTERFACE MATERIAL:
MATERIAL: ALUMINUM ALLOT EOEI-TES!
FINISH: CNEM FILM PER NIL-G-SS41, CLASS 3

[ _13. DRILL PLATE PROViOED BY RSC-[

14. THIS MECHANISM INTERFACES WITH MCD21-OOBT-SOO2 MECHANISM ON THE
ORBITER

15, RSC-E SHALL DESIGN THE EXTERNAL THERMAL BLANKET TO 8( REMOVABLE
AND RE-INSTALLABLE WITHOUT DAMAGE. RSC-E SHALL DELIVER THE EXTERNAL
THERMAL BLANKET AS LOOSE EQUIPMENT. THE Xl THRU X4 CONNECTORS AND

_[_ THE EXTERNAL METAL COVERS SHALL BE TEMPORARILY INSTALLED ON THE
MECHANISM. FASTENERS TO BE HAND TIGHT ONLY.

_ID. USA PROVIDES THE TARGET ASSY* MOUNTING PLATE AND ATTACHING HARDWARE j_Si_l&_l__ltt 'VCRTI-_JB?-?O02

LEAKAGE OF SEALING SURTAG[ ACROSS EACH INTERFACE CODED _ SHALL
_17. NOT EXCEED O.OE LOS/DAY(SEE/DAY) WHEN INTERIOR IS PRESS ZOO TO

14.7t0.2 PSl(T60tl_°) IN THE DOCKED OR MATED MODE

_18, USA TO PROVIDE (12O)KNCAIL-4 x 0,75 INSERTS FOR INSTALLING EXTERNAL
METAL COVERS AND (8)NNML-IO X I,DSP INSERTS FOR ATTACHMENT OF TARGET
MOUNTING PLATE. MOSTLY0|7-800|

_IS',*.TN[ TOLERANCE OF MOUNTING PADS AND THEIR HOL( PATTERNS AS RELATED _ARMt2

"TO MECHANISM AXIS TO BE t1" N AtMPI

THE HOLES DRILLED ON THE INTERFACE SURFACE TON THE CONTACT SENSO S __ _e_ _._/////'_ 0_8_ _ _
I"---- _)20. WHICH ARE NOT USED. NEED NOT DE PLUGGED.

_21. U.S.A WILL PROVIDE AND INSTALL BUSHINGS INT0 THE MECHANISM STRUCTURE _,_[ _ J L_ _mr'm__'m'l _--"_J.,oR.oits 0NT,N°ONTOTHEA.RLOG*'ASE I ¢
C _22. ALL ENVELOPE DIMENSIONS, WHERE APPLICABLE, DO NOT INCLUDETNENMAL BLANKET THICKNESS. THICKNESS OF BLANKET WALL IS / _r'_ )_

,1E-,40(5_10 IdlM)- ON THE GROUNO /

.76(20 MM) MAX. UNRESTRICTED- ON 0RDIT fl _ X

I _$TI4087-3002

B Xo 731 . 60

I CM CONF GURAT ION B
_ SCAL_ NONE MC621-0087-8002 C_)ItFDURATION

(33¥. 6201. 008-121,_

,_,._,,,0,_:.,.,_.

STe.OT.E..ET 8 I 7 I 6 I 5 f 4 J 3 2 CAD/CAU 1



,',.,,.,.N,, ;_ I _S I 1+ I __ _ _2 I ' _ I _0 ='"/C""9 --.,.,,*, ,,



IT
hu

Jul
,.,30

1,.3:27:16
P

D
T

1998



32 I 3, I 30 t 29 + 28 I 27 I 26 I ,_+_,oN,25

l'l............
DOCK ING N[CNANI SN "--\ REYtSEDc.KA|AKIAIIIT/'t_O/tllI1¥ @7/$0/B|m"AJ[NSAM

H

¢-
c_

_, ..,o.,, scRE.® . . ® ,_ m ,_o). +-"" 2MS-6°XlO 21 11 S REW
A.5.21.11 WASHER

¢'_ _)FLAT GROUNDING AREA_'_/ .3S' (11.0) RE,
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_7,81,t.oo1 _x to.
i_0 LOG PIN

cO
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2 PL 180* APART
SCALE: 2/I
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I
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VIEW D-D_ view H-H_
ROTATED 120°CW ROTATED 6O°CW
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Figure160-.4. InterfaceDiagramof Hooks/PyroControlFromICM
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i_ L (LENGTH) i

S (SHIELD) _,

OVERWRAP= 200 MM 4

CONNECTOR
LUGWIRE)

• ___..= 300 MM

Note: For allcablesexceptas indicatedbelow:
L = 4572 +75, -0 millimeters
S = 4267.2 +75, -0 millimeters

XF69

510+025

4572 +75
43

460.+25 220

XF74

L.. 61
230

190

XF75

OVERWRAP

Note: Alldimens=onsare inmillimeters,

Figure160-5. CableEnvelopes
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Figure160-6. TypicalParallelCircuitFor PyrotechnicBoltBridgewires
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002

RUSS

WIRE DOCKING FUNCTION
SIZE MECH. I/F

EMC (ram 2) CONI_ PIN

ML1 0.35 X55 31 PYRO 1-1/3-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X55 1 PYRO 1-1/3-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 1 PYRO 7-1/9-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 21 PYRO 7-1/9-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X55 35 IPYRO 5-1/1-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X55 5 PYRO 5-1/1-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 5 PYRO 11-1/7-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 25 PYRO 11-117-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X56 23 PYRO 9-1/11-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X56 3 PYRO 9-1/11-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X55 3 PYRO 3-1/5-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X55 33 PYRO 3-1/5-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X55 32 PYRO 2-1/4-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X55 2 !PYRO 2-1/4-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 2 PYRO 8-1/10-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 22 PYRO 8-1/10-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X55 36 PYRO 6-1/2-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X55 6 PYRO 6-1/2-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 6 PYRO 12-1/8-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X56 26 PYRO 12-118-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X56 24 PYRO 10-1/12-2 ACTIVE HOOK ASSY (+)

ML1 0.35 X56 4 PYRO 10-1/12-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X55 4 rPYRO 4-116-2 ACTIVE HOOK ASSY (-)

ML1 0.35 X55 34 PYRO 4-116-2 ACTIVE HOOK ASSY (+)

HO1 0.35 XF68 3 DOCK MECH HEATER (H1-1 +)

HO1 0.35 XF68 48 DOCK MECH HEATER (H1-1 -)

HO2 0.35 XF68 1 DOCK MECH HEATER (H1-2 +)

HO2 0.35 XF68 50 DOCK MECH HEATER (H1-2 -)
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION
SIZE MECH. I/F

!EMC (mm') CONN I PIN
/

HO3 0.35 XF68 9 DOCK MECH HEATER (H1-3 +)

HO3 0.35 XF68 41 DOCK MECH HEATER (H1-3 -)

HO3 0.35 XF68 7 DOCK MECH HEATER (H2-1 +)

HO3 0.35 XF68 44 DOCK MECH HEATER (H2-1 -)

HO1 0.35 XF68 5 DOCK MECH HEATER (H2-2 +)

HO1 0.35 XF68 46 DOCK MECH HEATER (H2-2 -)

HO2 0.35 XF68 17 DOCK MECH HEATER (H2-3 +)

HO2 0.35 XF68 34 DOCK MECH HEATER (H2-3 -)

HO3 0.35 XF68 13 DOCK MECH HEATER (H3-1 +)

HO3 0.35 XF68 38 DOCK MECH HEATER (H3-1 -)

HO2 0.35 XF68 11 DOCK MECH HEATER (H3-2 +)

HO2 0.35 XF68 40 DOCK MECH HEATER (H3-2 -)

HO1 0.35 XF68 24 DOCK MECH HEATER (H3-3 +)

HO1 0.35 XF68 26 DOCK MECH HEATER (H3-3 -)

HO1 0.35 XF74 16 RING ALIGNED

HO2 0.35 XF74 24 ERINGALIGNED

HO1 0.35 XF74 25 INITIAL CONTACT

HO2 0.35 XF74 12 IINITIAL CONTACT

HO1 0.35 XF74 32 ICAPTURE (SHORT)

HO2 0.35 XF74 47 CAPTURE (SHORT)

HO1 0.35 XF74 36 CAPTURE (LONG)

HO2 0.35 XF74 13 CAPTURE (LONG)

HO1 0.35 XF75 10 PWR SUP TO RING MTR (M4)

HO1 0.35 XF75 4 PWR SUP TO RING MTR (M4)

HO1 0.35 XF75 41 PWR SUP TO RING MTR (M4)

HO1 0,35 XF75 50 PWR SUP TO RING MTR (M4)

HO2 0.35 XF75 7 PWR SUP TO RING MTR (M5)
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION
SIZE MECH. I/F

EMC (ram =) CONNI PIN

HO2 0.35 XF75 8 PWR SUP TO RING MTR (M5)

HO2 0.35 XF75 47 PWR SUP TO RING MTR (M5)

HO2 0.35 XF75 48 !PWR SUP TO RING MTR (MS)

HO1 0.35 XF75 35 RING FINAL POSITION

HO2 0.35 XF75 43 RING FINAL POSITION

HO3 0.35 XF75 22 CONTROL SENSOR RETURN

HO1 0.35 XF75 24 CONTROL SENSOR RETURN

HO2 0.35 XFTb 25 RING FINAL POS 1 RTN

HO1 0.35 XF69 34 RING INITIAL POSITION

HO2 0.35 XF69 26 RING INITIAL POSITION

HO1 0.35 XF69 27 RING FORWARD POSITION

HO2 0.35 XF69 28 rRING FORWARD POSITION

HO1 0.35 XF69 12 CAPTURE LATCHES OPEN IND

HO2 0.35 XF69 11 CAPTURE LATCHES OPEN IND

HO1 0.35 XF69 4 CAPTURE LATCHES CLOS IND

HO2 0.35 XF69 8 CAPTURE LATCHES CLOS IND

HO2 0.35 XF72 35 PWR SUP TO CAP LAT MTR (M1) +

HO1 0.35 XF72 36 PWR SUP TO CAP LAT MTR (M1) +

HO1 0.35 XF72 2 PWR SUP TO CAP LAT MTR (M1) -

HO1 0.35 XF72 4 PWR SUP TO CAP LAT MTR (M1) -

HO2 0.35 XF72 11 CAPTURE LATCH NO. 1 CLOS

HO1 0.35 XF72 25 CAPTURE LATCH NO. 1 CLOS

HO2 0.35 ×F72 32 ICAPTURE LATCH NO. 1 OPEN

HO1 0.35 XF72 27 iCAPTURE LATCH NO. 1 OPEN

HO2 0.35 XF72 43 PWR SUP TO CAP LAT MTR (M2) +

HO2 0.35 XF72 42 PWR SUP TO CAP LAT MTR (M2) +

m
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION

SIZE MECH. I/F

EMC (mm 2) CONN PIN

HO3 0.35 XF72 5 PWR SUP TO CAP LAT MTR (M2) -

HO2 0.35 XF72 1 PWR SUP TO CAP LAT MTR (M2) -

HO3 0.35 XF72 24 CAPTURE LATCH NO. 2 CLOS

HO2 0.35 XF72 19 CAPTURE LATCH NO. 2 CLOS

HO3 0.35 XF72 26 ICAPTURE LATCH NO. 2 OPEN

HO2 0.35 XF72 40 CAPTURE LATCH NO. 2 OPEN

HO3 0.35 XF72 48 PWR SUP TO CAP LAT MTR (M3) +

HO3 0.35 XF72 47 PWR SUP TO CAP LAT MTR (M3) +

HO1 0.35 XF72 9 PWR SUP TO CAP LAT MTR (M3) -

HO3 0.35 XF72 10 PWR SUP TO CAP LAT MTR (M3)-

HO1 0.35 XF72 18 CAPTURE LATCH NO, 3 CLOS

HO3 0.35 XF72 33 CAPTURE LATCH NO. 3 CLOS

HO1 0.35 XF72 39 CAPTURE LATCH NO. 3 OPEN

HO3 0.35 XF72 34 CAPTURE LATCH NO. 3 OPEN

HO1 0.35 X76 4 PWR SUP TO M6 GROUP 1 HOOKS °° (N)

HO1 0.35 X76 8 PWR SUP TO M6 GROUP 1 HOOKS * ° (N)

HO1 0.35 X76 1 PWR SUP TO M6 GROUP 1 HOOKS ** (N)

HO1 0.35 X76 5 PWR SUP TO M6 GROUP 1 HOOKS °° (N)

HO2 0.35 X76 9 PWR SUP TO M7 GROUP 1 HOOKS ** (N)

HO2 0.35 X76 10 PWR SUP TO M7 GROUP 1 HOOKS °° (N)

HO2 0.35 X76 11 PWR SUP TO M7 GROUP 1 HOOKS °° (N)

HO2 0.35 X76 12 PWR SUP TO M7 GROUP 1 HOOKS °* (N)

HO1 0.35 X76 6 GROUP 1 HOOKS CLOSED °*

HO2 0.35 X76 20 GROUP 1 HOOKS CLOSED **

HO1 0.35 X76 15 GROUP 1 HOOKS OPEN °*

HO2 0.35 X76 22 GROUP 1 HOOKS OPEN **
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Table 160-9. Etectncal Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION
SIZE MECH. I/F

EMC (ram 2 CONN PIN

HO1 0.35 XF70 4 iFlXER 1 (+)

HO1 0.35 XF70 2 FIXER 1 (+)

HO1 0.35 XF70 28 FIXER 1 (-)

HO1 0.35 XF70 31 FIXER 1 (-)

HO1 0.35 XF70 46 FIXER 1 (-)

HO1 0.35 XF70 45 FIXER 1 (-)

HO2 0.35 XF70 10 FIXER2(+)

HO2 0.35 XF70 9 _FIXER2 (+)

HO2 0.35 XF70 27 FIXER 2 (-)

HO2 0.35 XF70 26 FIXER 2 (-)

HO2 0.35 XF70 50 FIXER 2 (-)

HO2 0.35 XF70 49 FIXER 2 (-)

HO3 0.35 XF70 8 FIXER 3 (+)

HO3 0.35 XF70 14 FIXER3(+)

HO3 0.35 XF70 25 !FIXER 3 (-)

HO3 0.35 XF70 24 FIXER 3 (-)

HO3 0.35 XF70 44 FIXER 3 (-)

HO3 0.35 XF70 43 FIXER 3 (-)

HO 0.35 XF70 13 FIXER 4 (+)

HO 0.35 XF70 20 FIXER 4 (+)

HO 0.35 XF70 17 FIXER 4 (-)

HO 0.35 XF70 16 FIXER 4 (-)

HO 0.35 XF70 48 FIXER 4 (-)

HO 0.35 XF70 47 IFIXER 4 (-)

HO 0.35 XF70 19 ;FIXER 5 (+)

HO 0.35 XF70 18 FIXER 5 (+)

HO 0.35 XF70 33 FIXER 5 (-)

HO 0.35 XF70 32 FIXER 5 (-)
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION

SIZE MECH. I/F

EMC (ram 2) CONN PIN

HO 0.35 XF70 42 FIXER 5 (-)

HO 0.35 XF70 41 FIXER 5 (-)

HO1 0.35 XF67 4 HI-ENERGY DAMPER NO. 1 (+)

HO1 0.35 XF67 3 ]HI-ENERGY DAMPER NO. 1 (+)

HO1 0.35 XF67 39 !HI-ENERGY DAMPER NO. 1 (-)

HO1 0.35 XF67 40 HI-ENERGY DAMPER NO. 1 (-)

HO2 0.35 XF67 17 HI-ENERGY DAMPER NO. 2 (+)

HO2 0.35 XF67 16 HI-ENERGY DAMPER NO. 2 (+)

HO2 0.35 XF67 50 HI-ENERGY DAMPER NO. 2 (-)

HO2 0.35 XF67 49 HI-ENERGY DAMPER NO. 2 (-)

HO3 0.35 XF67 6 HI-ENERGY DAMPER NO. 3 (+)

HO3 0.35 XF67 5 HI-ENERGY DAMPER NO. 3 (+)

HO3 0.35 XF67 35 HI-ENERGY DAMPER NO. 3 (-)

HO3 0.35 XF67 34 HI-ENERGY DAMPER NO. 3 (-)

HO2 0.35 X76 41 PWR SUP TO M9 GROUP 2 HOOKS * ° (N)

HO2 0.35 X76 42 PWR SUP TO M9 GROUP 2 HOOKS ** (N)

HO2 0.35 X76 39 PWR SUP TO M9 GROUP 2 HOOKS ** (N)

HO2 0.35 X76 40 PWR SUP TO M9 GROUP 2 HOOKS ** (N)

HO1 0.35 X76 47 PWR SUP TO M8 GROUP 2 HOOKS ** (N)

HO1 0.35 X76 48 PWR SUP TO M8 GROUP 2 HOOKS ** (N)

HO1 0.35 X76 50 PWR SUP TO M8 GROUP 2 HOOKS ** (N)

HO1 0.35 X76 46 PWR SUP TO M8 GROUP 2 HOOKS ** (N)

HO1 0.35 X76 19 GROUP 2 HOOKS CLOSED **

HO2 0.35 X76 28 GROUP 2 HOOKS CLOSED **

HO1 0.35 X76 18 GROUP 2 HOOKS OPEN *°

HO2 0.35 X76 27 GROUP 2 HOOKS OPEN * °
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

l(U55

WIRE DOCKING FUNCTION
SIZE MECH, I/F

EMC (mm 2 CONN PIN

HO1 0.35 X77 1 GROUP 1 HOOKS IN-BETWEEN °*

H02 0.35 X77 5 IGROUP 1 HOOKS IN-BETWEEN **

HO1 0.35 X77 36 GROUP 2 HOOKS IN-BEtWEEN **

HO2 0.35 X77 37 GROUP 2 HOOKS IN-BETWEEN **

HO2 0.35 X76 36 CONTROL SENSOR RETURN

HO2 0.35 X76 43 CONTROL SENSOR RETURN

HO1 0.35 X77 6 CONTROL SENSOR RETURN

HO1 0.35 X77 45 IREADY TO HOOK

HO2 0.35 X77 48 READY TO HOOK

HO1 0.35 X77 49 UNDOCK COMPL_I_-

HO2 0.35 X77 50 UNDOCK COMPLEII::

HO2 0.35 X77 32 INTERFACE SEALED

HO3 0.35 X77 39 IN,El(FACE SEALED

HO1 0.2 X77 24 IN,El(FACE SEALED

HO1 0.35 X77 14 CONTROL SENSOR RETURN

ML 0.35 XF71 28 BALL SCREW NO. 1 LIN ADV (COM)

ML 0.35 XF71 23 BALL SCREW NO. 1 LIN ADV (SIG)

ML 0.35 XF71 40 BALL SCREW NO. 1 LIN ADV (EXC)

ML 0.35 XF71 24 BALL SCREW NO. 2 LIN ADV (SIG)

ML 0.35 XF71 39 BALL SCREW NO. 2 LIN ADV (EXC)

ML 0.35 XF71 25 BALL SCREW NO. 3 LIN ADV (SIG)

ML 0.35 XF71 45 BALL SCREW NO. 3 LIN ADV (EXC)

ML 0.35 XF71 18 BALL SCREW NO. 1 MISALIGN (SIG)

ML 0.35 XF71 50 BALL SCREW NO. 1 MISALIGN (EXC)

ML 0.35 XF71 19 IBALL SCREW NO. 2 MISALIGN (SIG)

ML 0.35 XF71 49 BALL SCREW NO. 2 MISALIGN (EXC)

ML 0.35 XF71 34 BALL SCREW NO. 3 MISALIGN (COM)
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION

SIZE MECH. I/F

EMC (ram2) CONN PIN

ML 0.35 XF71 20 BALL SCREW NO. 3 MISALIGN (SIG)

ML 0.35 XF71 48 BALL SCREW NO. 3 MISALIGN (EXC)

ML 0.35 XF71 13 LATCHES MANUAL REL RTN

ML 0.35 XF71 17 LATCHES MANUAL RELEASE

ML2 0.35 XF71 10 RING FINAL POSITION

ML 0.35 XF73 44 CAPTURE LATCH OPEN

ML 0.35 XF73 43 CAPTURE LATCHES CLOSED

ML 0.35 XF73 47 RING INITIAL POSITION

ML2 0.35 XF73 48 RING FORWARD POSITION

__. ML 0.35 XF73 21 LWR BALL SOCKET NO 1 TEMP (COM)

ML 0.35 XF73 18 LWR BALL SOCKET NO 1 TEMP (EXC)

ML 0.35 XF73 28 LWR BALL SOCKET NO 2 TEMP (COM)

ML 0.35 XF73 39 LWR BALL SOCKET NO 2 TEMP (EXC)

ML 0.35 XF73 37 LWR BALL SOCKET NO 3 TEMP (COM)

ML 0.35 XF73 34 LWR BALL SOCKET NO 3 TEMP (EXC)

ML 0.35 XF73 17 CAPTURE LATCH NO. 1 TEMP (COM)

ML 0.35 XF73 14 CAPTURE LATCH NO. 1 TEMP (EXC)

ML 0.35 XF73 25 CAPTURE LATCH NO. 2 TEMP (COM)

ML 0.35 XF73 22 CAPTURE LATCH NO. 2 TEMP (EXC)

ML 0.35 XF73 33 CAPTURE LATCH NO. 3 TEMP (COM)

ML 0.35 XF73 30 ICAPTURE LATCH NO. 3 TEMP (EXC)

ML 0.35 XF73 6 SHIELD

ML 0.35 XF73 29 IDOCKING RING DRIVE TEMP (COM)

ML 0.35 XF73 45 iDOCKING RING DRIVE TEMP (EXC)

ML2 0.35 XF73 10 ICONTROL SENSOR RETURN

ML1 0.35 X79 23 IUNDOCK COMPLETE

ML1 0.35 X79 3 READY TO HOOK
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION
SIZE MECH. I/F

EMC (ram 2) CONN PIN

ML1 0.35 X79 9 CONTROL SENSOR RE/URN

ML1 0.35 X79 26 GROUP 1 HOOKS CLOSED POS *°

ML2 0.35 X79 25 rGROUP 2 HOOKS OPEN POSITION **

ML1 0.35 X79 24 GROUP 1 HOOKS OPEN POSITION **

ML2 0.35 X79 17 GROUP 2 HOOKS CLOSED POS *°

ML 0.35 X79 31 GROUP 1 HOOKS LINEAR ADV (EXC) **

ML 0.35 X79 40 GROUP 1 HOOKS LINEAR ADV (SIG) **

ML 0.35 X79 50 GROUP 1 HOOKS LINEAR ADV (COM) **

ML 0.35 X79 30 GROUP 2 HOOKS LINEAR ADV (EXC) **

ML 0.35 X79 46 !GROUP 2 HOOKS LINEAR ADV (SlG) **

ML 0.35 X79 39 GROUP 2 HOOKS LINEAR ADV (COM) *°

ML 0.35 X78 1 DOCKING I/F TEMP NO. 1 (COM)

ML 0.35 X78 4 DOCKING I/F TEMP NO. 1 (EXC)

ML 0.35 X78 5 DOCKING I/F TEMP NO. 2 (COM)

ML 0.35 X78 8 DOCKING I/F TEMP NO. 2 (EXC)

ML 0.35 X78 9 DOCKING I/F TEMP NO. 3 (COM)

ML 0.35 X78 12 OOCKING I/F TEMP NO. 3 (EXC)

ML 0.35 X78 30 HOOKS DRIVE TEMP NO. 1 (COM)

ML 0.35 X78 33 HOOKS DRIVE TEMP NO. 1 (EXC)

ML 0.35 X78 37 HOOKS DRIVE TEMP NO. 2 (COM)

ML 0.35 X78 40 HOOKS DRIVE TEMP NO. 2 (EXC)

ML 0.35 X78 34 SHD (ALL APDS TEMP MEAS)

ML1 0.35 X79 2 IICM HOOKS 1 CLOSED IND

ML1 0.35 X79 5 ICM HOOKS 3 CLOSED IND

ML1 0.35 X79 6 ICM HOOKS 5 CLOSED IND

ML1 0.35 X79 7 IGM HOOKS 9 CLOSED IND

ML1 0.35 X79 12 ICM HOOKS 11 CLOSED IND
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Table 160-9. Electrical Interface Connections to ICM and APDA 7002 (Continued)

RUSS

WIRE DOCKING FUNCTION

SIZE MECH. I/F

EMC Imm 2) CONN PIN

ML1 0.35 X79 1 ICM HOOKS 1,3,5,9,11 CLOS IND SOURCE (1)

ML1 0.35 X79 11 IICM HOOKS 1,3,5,9,11 CLOS IND SOURCE (2)

ML2 0.35 X79 19 !ICM HOOKS 2 CLOSED IND

ML2 0.35 X79 20 ICM HOOKS 4 CLOSED IND

ML2 0.35 X79 47 ICM HOOKS 8 CLOSED IND

ML2 0.35 X79 48 ICM HOOKS 10 CLOSED IND

ML2 0.35 X79 49 ICM HOOKS 12 CLOSED IND

ML2 0.35 X79 18 ICM HOOKS 2,4,8,10,12 CLOS IND SOURCE (1)

ML2 0.35 X79 45 ICM HOOKS 2,4,8,10,12 CLOS IND SOURCE (2)

HO 0.35 X79 13 ICM HOOKS 7 CLOS IND SOURCE
=

HO I 0.35 X79 21 ICM HOOKS 7 CLOS IND

HO 0.35 X79 38 ICM HOOKS 6 CLOS IND SOURCE

HO 0.35 X79 44 ICM HOOKS 6 CLOS IND

" NOTE: GROUP 1 HOOKS CONSIST OF HOOKS 1, 3, 5, 7, 9, & 11.

GROUP 2 HOOKS CONSIST OF HOOKS 2, 4, 6, 8, 10, & 12.

GROUP 1 & 2 HOOKS ACTUATOR ASSEMBLIES A'I-I'ACHED
WITH HOOKS 7 & 6, RESPECTIVELY.

(N): CONTROL CAPABILITY FROM SHUTTLE AND ICM.
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Table 160-10. Electrical Interface Connections to APDA 7002 Pressure Dome

AMEF PRESSURE FUNCTION
EMC, WIRE DOME I/F

SIZE "CONN PIN

HO 22 XF61 C C/L TV CAM #1 PWR +

HO 22 XF61 D C/L TV CAM #1 PWR +

HO 22 XF61 A C/L "IV CAM #1 PWR -

HO 22 XF61 B C/L TV CAM #1 PWR-

HO 22 XF61 g C/L TV CAM #1 CHAS GND

HO 22 XF61 j C/L TV CAM #1 CHAS GND

RF2 22 XF61 H C/L "IV CAM #1 SYNC OUT +

RF2 22 XF61 J C/L TV CAM #1 SYNC OUT -

RF2 22 XF61 **° 'C/L'IV CAM #1 SYNC OUT SHD

RF2 22 XF61 K C/L TV CAM #1 VIDEO OUT +

RF2 22 XF61 L C/L "IV CAM #1 VIDEO OUT -

RF2 22 XF61 *°* C/L TV CAM #1 VIDEO OUT SHD

RF 22 XF61 V C/L TV CAM #1 HTR PWR +

RF 22 XF61 W C/L TV CAM #1 HTR PWR +

RF 22 XF61 T IC/L TV CAM #1 HTR PWR-

RF 22 XF61 U C/L TV CAM #1 HTR PWR -

HO 20 XF61 d C/L TV CAM #1 LIGHT +

HO 20 XF61 e C/L TV CAM #1 LIGHT +

HO 20 XF61 f C/L TV CAM #1 LIGHT +

HO 20 XF61 P C/L TV CAM #1 LIGHT-

HO 20 XF61 R IC/L TV CAM #1 LIGHT-

HO 20 XF61 S C/L TV CAM #1 LIGHT -

HO 22 XF62 C C/L TV CAM #2 PWR +

HO 22 XF62 D C/L TV CAM #2 PWR +

HO 22 XF62 A C/L TV CAM #2 PWR-
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Table 160-10. Electrical Interface Connections to APDA 7002 Pressure Dome (continued)

AMER PRESSURE FUNCTION

EMC WIRE DOME I/F

SIZE CONN PIN

HO 22 XF62 B C/L TV CAM #2 PWR -

HO 22 XF62 g !C/L TV CAM #2 CHAS GND

HO 22 XF62 j C/L TV CAM #2 CHAS GND

RF1 22 XF62 H C/L TV CAM #2 SYNC OUT +

RF1 22 XF62 J C/L TV CAM #2 SYNC OUT -

RF1 22 XF62 *** C/L TV CAM #2 SYNC OUT SHD

RF1 22 XF62 K C/L "IV CAM #2 VIDEO OUT +

RF1 22 XF62 L C/L TV CAM #2 VIDEO OUT -

RF1 22 XF62 *** C/L TV CAM #2 VIDEO OUT SHD

-- HO 22 XF62 V C/L TV CAM #2 HTR PWR +

HO 22 XF62 W C/L TV CAM #2 HTR PWR +

HO 22 XF62 T C/L TV CAM #2 HTR PWR-

HO 22 XF62 U C/L TV CAM #2 HTR PWR-

HO 20 XF62 d C/L TV CAM #2 LIGHT +

HO 20 XF62 e C/L-TV CAM #2 LIGHT +

HO 20 XF62 f C/L TV CAM #2 LIGHTHO 20 XF62 P C/L TV CAM #2 LIGHT-

HE) 20 XF62 R C/L TV CAM #2 LIGHT -

HO 20 XF62 S C/L TV CAM #2 LIGHT -

*** RF shield tied to backshell
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Table 160-11. Orbiter-to-ICM Interfaces, X1 and X2

ORBITER DOCKING MECHANI ICM / PMA-2 RUS AME

(-3002) (-8002) EM WIRi WlRI FUNCTIONS

INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN CONN CON_ PIt CONN PIN (ram: (GA]
Xl 9, X2 93.

Xl X2 94

X1 9_ X2 95

Xl X2

X88 4 X1 X2 X103-2 4 EO' 8 GA 8 TRANSFER POWER HI (140V)
Xl X2

Xl 10 X2

X1 11 X2 11E

Xl 11' X2 117

Xl 11_ X2 11E

Xl 111 X2 11g

Xl X2 126

Xl X2 127

X1 X2 128

X88 7 Xl 12.¢ X2 129 X103-2 7 EO1 E]GA ° 8 rRANSFER POWER HI (140V)
X1 13,= X2 135

X1 t3E X2 136

X1 X2 137

X1 X2 142

X1 X2 143

X2 93 X1 93

X2 94 Xl g4

X2 195 Xl 95

X2 04 X1 04

X103 4 X2 05 Xl 05 XS8-2 4 :02 I GA° S TRANSFER POWER HI (140V)
X2 06 Xl 06

X2 07 Xl 07;

X2 16 Xl 161

X2 17 X1 17 I

X2 18 Xl 181

I
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Table 160-11. OrbiteFto-ICM Interfaces, Xl and X2 (continued)

OF:BITERDOCKING MECHANISM ICM / PMA-2 RUSS AMER

(-3002) (-8002) I EMC WIRE WIRE FUNCTIONS

INTERFACE PANEL I UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE
CONN PIN CONN PIN CONN PIN CONN PIN (ram=) (GA)

X2 119 Xl 119

X2 126 X1 126

X2 127 X1 1127
I

X2 128 Xl _128

X103 7 X2 129 X1 129 X88-2 7 EO2 8 GA* 8 TRANSFER POWER HI(140V)
X2 !135 X1 135

X2 ;136 X1 136

X2 137 X1 137

X2 142 X1 142

X2 143 X1 143

X1 88 X2 88

X1 89 X2 89

X1 90 X2 90

Xl 98 X2 98

X85 5 Xl 99 X2 99 X10_2 5 EO1 S GA" 8 TRANSFER POWER LO
X1 100 X2 100

X1 101 X2 101

X1 110 X2 110

X1 111 X2 111

X1 112 X2 112

X1 113 X2 113

X1 122 X2 122

X1 123 X2 123

X1 124 X2 124

X85 7 Xl 125 X2 125 X100-2 7 E01 8 GA ° 8 TRANSFER POWER LO
X1 132 X2 132

Xl 133 X2 133

Xl 134 X2 134

Xl 140 X2 140

X1 141 X2 141

I
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Table 160-11. Orbiteroto-ICM Interfaces, Xl and X2 (continued)

ORBITER DOCKING MECHANISM ICM / PMA-2 RUSS AMEF

(-3002) (o8002) EM WIRE WIRE FUNCTIONS I
INTERFACE PANEL I UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONI_ Pll CONN PII CONN PIN (ramz) (CA)
X2 8_ Xl 8!

X2 8,c Xl 8,<

X2 9{ Xl 9C

X2 9£ Xl 9£

Xl00 5 X2 9.¢ Xl 9.¢ X85-2 5 EO: B GA ° 8 TRANSFER POWER LO
X2 10_ Xl 101

X2 10 Xl 10'

X2 11( X1 11(

X2 11' Xl 11'

X2 11; Xl 11;

X2 11: Xl 11_

X2 12: Xl 12;

X2 12,_ X1 125

X2 12" Xl 124

XlO0 7 X2 12E X1 125 X85-2 7 EO2 3 GA° 8 TRANSFER POWER LO
X2 13; Xl 132

X2 133 Xl 133

X2 134 Xl r34

X2 140 Xl I 40

X2 41 X1 I 41

X1 33 X2 I 33

X1 34 X2 J 34

Xl 35 X2 I 35

Xl _,5 X2 I _,5

X85 1 Xl 1,6 X2 I 1.6 X100-2 1 _O1 GA° I 8 /TRANSFER POWER FAULT BOND

,

Xl _7 X2 I 1.7 I

Xl t8 X2 I 1.8 I

Xl _9 X2 I |9

X: ,0 X2 ' '0i7 X2 I ;7 J
i i
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Table 160-11. Orbite_to-ICM Interfaces,Xl and X2 (continued)

OF[BITERDOCKING MECHANISM " ICM / PMA-2 RUSS AMER

(-3002) (-8002) EMC WIRE WIRE FUNCTIONS

INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN |ram=) (GA)

t Xl 58 X2 58
Xl 59 X2 59

Xl 60 X2 60

X1 61 X2 61

X85 3 Xl 62 X2 62 X100-2 3 EO1 8 GA ° 8 ITRANSFER POWER FAULT BOND
X1 69 X2 69

X1 70 X2 70

X1 71 X2 71

X1 72 X2 72

Xl 73 X2 73

X2 33 X1 33

X2 34 Xl 34

X2 35 Xl 35

X2 45 X1 45

_1100 1 X2 46 Xl 46 X85-2 1 EO2 8 GA" 8 TRANSFER POWER FAULT BOND
X2 47 X1 47

X2 48 Xl 48

X2 49 Xl 49

X2 50 Xl 50

X2 57 X1 57

X2 58 Xl 58

X2 59 Xl 59

X2 60 Xl 60

X2 61 X1 61

XIO0 3 X2 62 Xl 62 X85-2 3 EO2 8 GA° 8 TRANSFER POWER FAULT BOND
X2 69 Xl 69

X2 70 Xl 70

X2 71 X1 71

X2 72 Xl 72

X2 73 X1 73
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Table 160-11. Orbiter-to-ICMInterfaces,X1 andX2 (continued)

_ORB TER DOCKING MECHANISM I ICM / PMA-2 RUSS AMER

(-3002) (-8002) EMC WIRE WIRE FUNCTIONS
"'INTERFACE PANEL UMB I/F UMB I/F ! INTERFACE PANEL SIZE SIZE

I_ CONN PII_ CONN IPIN' CONN I PIN (mm =) (GA,

26 X2 26 n/a nla H01 0.35 2"--'_

xl 27 x2 27-'-'_;---, _ Ho"--T0.3"---_2"--"_--_
Xl 28 X2 28 n/a H01 0.35 22

_ "_ x--T- 2-_" o_-'--T---T;;-_Ho"-'T"o.3"_- 2"-_'-

"_ 'T_ X_ 14"-9' n/'--'---_-- n/'----_ HO'--T"0.3"_-'_- 2"-2_

X_ "_" X'_'_-- 2-'6- nla n/a H02 0.35 22

X2 27 X'_'I-'- 2--'7-- n/_ nl_ H02"-'-" 0.35_ 22

n/a _ 22

_ _ X"_ _ nl'_--"_ n/"-'_ _ _ 22

-- )(I _ n/a _ _ _INMATE

NOTES:

8 GA" = RUSSIANSIDETO USE AMERICAN 8 GA WIREFoR POWER TRANSFER;
(8GA WIRETO BEPROVIDEDTO RUSSIABY U.S.)

A = NO RUSSIANPIGTAILSREQUIREDFOR ORB Xl/X2CONNECTOR MATES
ON ICM SIDE OF INTERFACE (LOOP BACK WITHIN RUSSIAN
CONNECTOR)

B = NO RUSSIAN PIGTAILS REQUIRED FOR ORB X1/X2 CONNECTOR MATES
ON EITHER SIDE OF INTERFACE

n/a = NOT APPLICABLE; NO PINS AT I/F PANEL; CONNECTOR MATE
FUNCTIONS JUMPERED AT UMBILICAL INTERFACE

I 1
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Table 160-12. Orbiter-to-ICM Interfaces, X3 and X4

ORBITER DOCKING MECHANISM ICM I PMA - 2 RUSS AMER

(-3002) (-8002) EMC WIRE WIRE FUNCTIONS NOTE

INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mmz} (GA)

X92 20 X4 i12 X3 112 X92-2 20 HO1 0.35 20 DOCK MECH HEATER (H1-1 +)
X92 21 X4 i04 X3 i04 X92-2 21 HO1 0.35 20 DOCK MECH HEATER (H1-1 -}

X96 20 X3 89 X4 89 X96-2 20 HO2 0.35 20 DOCK MECH HEATER (H1-2 + )

X96 21 X3 85 X4 85 X96-2 21 HO2 0.35 20 DOCK MECH HEATER (H1-2 -}

X92 ' 2:2 X4 116 x3 116 x92-2 22 HO3 0.35 20 DOCK MECH HEATER (H1-3 + )

X92 23 X4 110 X3 110 X92-2 23 HO3 0.35 20 DOCK MECH HEATER (H1-3 -}

X96 22 X3 92 X4 92 X96-2 22 HO3 0.35 20 DOCK MECH HEATER (H2-1 + I

X96 23 X3 88 X4 88 X96-2 23 HO3 0.35 20 DOCK MECH HEATER IH2-1 -}

X92 26 X4 113 X3 113 X92-2 26 HO1 0.35 20 DOCK MECH HEATER (H2-2 +)

X92 27 X4 105 X3 105 X92-2 27 HO1 0.35 20 DOCK MECH HEATER (H2-2 -)

X92 28 X4 1 i4 X3 114 X92-2 28 HO2 0.35 20 C)OCKMECH HEATER (H2-3 + }

X92 29 X4 106 X3 106i X92-2 29 HO2 0.35 20 DOCK MECH HEATER (H2o3 -)

X92 30 X4 117 X3 117 X92-2 30 HO3 0.35 20 DOCK MECH HEATER (H3-1 +}

X92 31 X4 111 X3 111 x92-2 31 HO3 0.35 20 DOCK MECH HEATER (H3-1 -)

X96 26 X3 91 X4 §1 X96-2 26 HO2 0.35 20 DOCK MECH HEATER lH3-2 +)

X96 27 X3 87 X4 87 X96-2 27 HO2 0.35 20 DOCK MECH HEATER (H3-2 -|

X96 28 X3 90 X4 90 X96-2 28 HO1 0.35 20 DOCK MECH HEATER (H3-3 +)

X96 29 X3 86 X4 86 X96-2 29 HO1 0.35 20 DOCK MECH HEATER (H3-3 -}

X92 13 X4 57 X3 57 X92-2 i3 HOI 0.35 22 RING ALIGNED

X96 13 X3 40 X4 40 X96-2 13 HO2 0.35 22 RING ALIGNED

X92 14 X4 58 X3 58 X92-2 14 HO1 0,35 22 INITIAL CONTACT

X96 14 X3 41 X4 41 X96-2 14 HO2 0.35 22 INITIAL CONTACT

X92 18 X4 56 X3 56 X92-2 18 HO1 0.35 22 CAPTURE (SHORT)

X96 18 X3 39 X4 39 X96-2 18 HO2 0.35 22 CAPTURE (SHORT)
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Table 160-12. Orbiter-to-ICM Interfaces, X3 and X4 (conlinued)

ORBITER DOCKING MECHANISM ICM I PMA- 2 RUS AME

(-30021 (-80021 EMC WlR WlR FUNCTIONS NOTE
INTERFACE PANEL UMB IIF UMB I/F INTERFACE PANEL SIZI SIZI

CONN i PIN CONI PII PII CONN PIN (ram (GA

X92 1"_'9 X"--_ 5"-"I, X3 5c. X92-2 1"--"'9 HO-_'I" 0.3-'---! 2"---'2"CAPTURE (LONG)

X96 1"--"9 X"_ 3-7 X4 3E X96-2 1-'--'9 HO----'}" O.3-"-'_ 2"--"2"CAPTURE (LONG)

X92 "-T x'-'-"_" 2""_' X3 23 x92-2 "-"T- HO-'--T O.3--'_ 2---O- _ SUP TO RING MTR (M4)

X92 2 X4 24 X3 24 X92-2 2 HOl O.3B 20 PWR SUP TO RING MTR (M4}

X92 47 X4 5 X3 5 X92-2 47 HO1 0.35 20 _ SUP TO RIN--I'_'_R (M4)

X92 48 X4 11 X3 11 X92-2 48 HO1 0.35 20 PWR SUP TO RING_

X96 2 X3 24 X4 24 X96-2 2 HO2 0.35 20 PWR SUP TO RING MTR (M5)

X96 1 X3 23 X4 23 X96-2 1 HO2 0.35 20 _MTR (M5)

X96 48 X3 7 X4 7 X96-2 48 HO2 0.35 20 PWR SUP TO RING MTR (M5)

X96 4"_'7- X-'-'_ "6- X4 6 X96-2 4_"7- HO'-'-'_ 0.3"-'_ 2---_ _ SUP TO RING _ (M5)

X92 24 X4 61 X3 61 X92-2 24 HO1 0.35 22 _

Xg6 24 X3 44 X4 44 X96-2 24 HO2 0.35 22 RING FINAL P-"O'_TION

X96 46 X3 61 X4 B! X96-2 46 HO3 0.35 22 CONTROL SEN_

X92 45 X4 77 X3 77 X92-2 45 HO! 0.35 22 CONTROL _RETURN

X92 46 X4 78 X3 78 X92-2 4B HO2 0.35 22 _ _URN

X92 T x--'_" 5-9- X3 i9 X92-2 T HO"--T'- 0.3"-'_ 2"--_ _ALP_

X96 T X'--_ 1"_" X4 12 X96-2 _ HO'---_ D.3--"5 2"T _POSITION _'

X92 _ X'--4-- 3-O- X92-2 _ HO-'-_ D.3---_ 2-3"- RING FORWARD POSITION _,

X96 _ X"-3-- I'_- x4 I 13 X96-2 -_ HO-'-2-- 3.3--_ 27 RING FORWARD POSITION

X92 11 X4 i3 X92-2 11 HO1 ).35 22 _TCHES OPEN IND

X96 11 X3 16 I X96-2 1i HO2 ).35 22 CAPTURE LATCHES OPEN IND

X92 1T xT ,4-'-I x92-2 _ _ _ 2-'2"-" _ LATCHES CLOS IND
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Table 160-12. Orbiter-lo-ICM Interfaces,X3 and X4 (continued)

ORBITER DOCKING MECHANISM ICM I PMA - 2 RUSS AMER

(-3002} (-8002) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/F UMB IIF INTERFACE PANEL SIZE SIZE

CONN J PIN CONN PIN CONN PIN CONN PIN (ramt) JGA)

X96 J 12 X3 37 X4 37 X96-2 12 HO2 0.35 22 CAPTURE LATCHES cLos IND
I

X96 5 X3 2 X4 2 X96-2 5 HO2 0.35 20 PWR SUP TO CAP LAT MTR (M1) +

X92 5 X4 1 X3 1 X92-2 5 HO1 0.35 20 PWR SUP TO CAP LAT MTR (M1) +

X96 41 X3 20 X4 20 X96-2 41 HO1 0.35 20 PWR SUP TO CAP LAT MTR (M1) -

X92 41 X4 17 X3 17 X92-2 41 HO1 0.35 20 PWR SUP TO CAP LAT MTR (Mll -

X92 8 X4 48 X3 48 X92-2 8 HO2 0.35 20 CAPTURE LATCH NO. 1 CLOS

X96 B X3 3! X4 31 X96-2 8 HO1 0.35 20 CAPTURE LATCH NO. 1 CLOS

X92 15 X4 47 X3 47 X92-2 15 HO2 0.35 20 CAPTURE LATCH NO. 1 OPEN

X96 15 X3 30 X4 30 X96-2 15 HO1 0.35 20 CAPTURE LATCH NO. 1 OPEN

X92 6 X4 2 X3 2 X92-2 6 HO2 0.35 20 PWR SUP TO CAP LAT MTR |M2) +

X96 6 X3 3 X4 3 xg6-2 6 HO3 0.35 20 PWR SUP TO CAP LAT MTR (M2) +

X96 42 X3 21 X4 21 X96-2 42 HO2 0.35 20 PWR SUP TO CAP LAT MTR (M2| -

X92 42 X4 20 X3 20 X92-2 42 HO2 0.35 20 PWR SUP TO CAP LAT MTR |M2) -

X92 9 X4 50 X3 50 X92-2 9 HO3 0.35 20 CAPTURE LATCH NO. 2 CLOS

X96 9 X3 33 X4 33 X96-2 9 HO2 0.35 20 CAPTURE LATCH NO. 2 CLOS

X92 16 X4 49 X3 49 X92-2 16 HO3 0.35 20 CAPTURE LATCH NO. 2 OPEN

X96 16 X3 32 X4 32 X96-2 16 HO2 0.35 20 CAPTURE LATCH NO. 2 OPEN

X92 7 X4 3 X3 3 X92-2 7 HO3 0.35 20 PWR SUP TO CAP LAT MTR (M3I ¢-

X96 7 X3 4 X4 4 X96-2 7 HO1 0.35 20 PWR SUP TO CAP LAT MTR (M3) 4

XgB 43 X3 22 X4 22 X96-2 43 HO3 0.35 20 PWR SUP TO CAP LAT MTR (M3} -

X92 43 X4 21 X3 21 X92-2 43 HO3 0.35 20 PWR SUP TO CAP LAT MTR (M3) -

X92 10 X4 52 X3 52 X92-2 10 HO1 0.35 20 CAPTURE LATCH NO. 3 CLOS
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Table 160-12. Orbiter-lo-ICM Interfaces, X3 and X4 (continued)

ORBITER DOCKING MECHANISI_ ICM I PMA - 2 RUSS AMER

(-3002) (-8002) EMC WIRE WIR! FUNCTIONS NOTE
INTERFACE PANEL UMB IIF UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN I PIN CON_ PIN CONN PIN (ram_} (GA

X96 10 X3 35 X4 35 X96-2 i0 HO3 0.35 20 CAPTURE LATCH NO. 3 CLOS

X92 17 X4 51 X3 51 X92-2 17 HO1 0.35 20 CAPTURE LATCH NO. 3 OPEN

X96 1--'T'- x--"_-- 3-"4- x---_ 3-_- x96---'----2_ 17 HO_ 0.3-'---'_ 2_ CAPTURE LATCH NO. 3 OPEN

X93 1 X_'_- 2--5- X_ 2_5- X93-'-'----'2_ 1 HO! 0.35 20 PWR SUP TO M6 GROUP I HOOKS N

X93 5 X'--'_--- 6--T x---'_ 6--T x93---'----2"-- 5 HO1 - O.3---'-_2--'-'_ _ P-'_SUP TO M6 GROUP 1 HOOKS N

X93 47 X4 12 X3 12 X93-2 47 HO1 0.35 20 PWR SUP T---_GROUP I HOOKS N

XB3 48 X4 66 X3 66 XS3-2 48 HO1 0,35 20 PWRSUP TO M6 GROUP I HOOKS N

X97 5 X3 50 X4 50 X97-2 5 HO2 0.35 20"-" PWRSUP TO M7 GROUP 1 HOOKS N

X97 1 X3 25 X4 25 X97-2 1 HO2 0.35 20 PWR SUP TO M7 GROUP 1 HOOKS N

X97 47 X3 8 X4 8 X97-2 47 HO2 0.35 20 PWR SUP TO M7 GROUP 1 HOOKS N

XQ7 _o v_ ...... X97-2 M1 GROUP 1 HOOKS

X93 X93-2 HOOKS CLOSED

X97 X97-2 HOOKS CLOSED

X93 X93-2 3ROUP ! HOOKS OPEN

X9? X97-2 1 HOOKS OPEN

X93 X93-2 FIXER I (+)

X97 X97-2 1 (+)

X93 X93.2 1 (-)

X97 X97-2 1 (-)

X93 X93-2 FIXER 1 (-I

X97 X97-2 FIXER 1 (-J

X93 X93-2 FIXER 2 | +)

X97 X97-2 FIXER 2 (+}
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Table 160-12. Orbiter-lo-ICM Interfaces, X3 and X4 (conUnued)

ORBITER DOCKING MECHANISM " IcM / PMA - 2 RUSS AMEF

(-3OO2) (-8002) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB IIF UMB IIF INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN Immz) (GA)

X93 22 X4 85 X3 85 X93-2 22 HO2 0.35 20 FIXER 2 (-)

X97 22 X3 68 X4 68 X97-2 22 HO2 0.35 20 FIXER 2 (-)

X93 23 X4 86 X3 86 X93-2 23 HO2 0.35 20 ;IXER 2 (-)

X97 23 X3 69 X4 69 X97-2 23 HO2 0.35 20 FIXER 2 (-I

X93 24 X4 87 X3 87 X93-2 24 HO3 0.35 20 FIXER 3 (+)

X97 24 X3 70 X4 70 X97-2 24 HO3 0.35 20 FIXER 3 (+J

X93 30 X4 88 X3 88 X93-2 30 HO3 0.35 20 FIXER 3 (-j

X97 30 X3 71 X4 71 X97-2 30 HO3 0.35 20 FIXER 3 (-)

X93 31 X4 89 X3 89 X93-2 31 HO3 0.35 20 FIXER 3 (-}

X97 31 X3 72 X4 72 X97-2 31 HO3 0,35 20 FIXER 3 (-)

X93 16 X4 90 X3 90 X93-2 1(_ HO 0.35 20 FIXER 4 (+)

X97 16 X3 73 X4 73 X97-2 16 HO 0.35 20 FIXER 4 (+)

X93 17 X4 91 X3 91 X93-2 17 HO 0.35 20 FIXER 4 (-)

X97 17 X3 74 X4 74 X97-2 17 HO 0.35 20 FIXER 4 (-}

X93 25 X4 92 X3 92 X93-2 25 HO 0.35 20 FIXER 4 (-)

...... X97 25 X3 75 X4 75 X97-2 25 HO 0.35 20 FIXER 4 (-)

X93 27 X4 93 X3 93 X93-2 27 HO 0.35 20 FIXER 5 |+)

X97 27 X3 76 X4 76 X97-2 27 HO 0.35 20 FIXER 5 (4-)

X93 28 X4 94 X3 94 X93-2 28 HO 0.35 20 FIXER 5 (-}

X97 28 X3 77 X4 77 X97-2 28 HO 0,35 20 FIXER 5 (-)

X93 29 X4 95 X3 95 X93-2 29 HO 0.35 20 FIXER 5 (-)

X97 29 X3 78 X4 78 X97.2 29 HO 0.35 20 FIXER 5 (-I

X93 26 X4 96 X3 96 X93-2 26 HOt 0.35 20 HI-ENERGY DAMPER NO. 1 I + I
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Table 160-12. Orbiler-to-ICM Interfaces, X3 and X4 (conlinued)

unu,, cn uUt_ll_llJ MI::I_HP.NI:SM ICM / PMA - 2 RUSS AMER

(-3002| (-8002) EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB I/F UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm_l (GA

X97 26 X3 79 X4 79 X97-2 26 HO1 0.35 20 HI-ENERGY DAMPER NO. 1 (+ I

X93 34 X4 97 X3 97 X93-2 34 HO1 0.35 20 HI-ENERGY DAMPER NO. 1 (-I

X97 34 X3 80 X4 80 X97-2 34 HO1 0.35 20 HI-ENERGY DAMPER NO. 1 (-I

X93 35 X4 98 X3 98 X93-2 35 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 (+)

X97 35 X3 81 X4 81 X97-2 35 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 ( + )

X93 36 X4 99 X3 99 X93-2 36 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 (-I

X97 36 X3 82 X4 82 X97-2 36 HO2 0.35 20 HI-ENERGY DAMPER NO. 2 (-)

X93 32 X4 1OO X3 1OO X93-2 32 HO3 0.35 20 HI-ENERGY DAMPER NO, 3 (+)

X97 32 X3 83 X4 83 X97-2 32 HO3 0.35 20 _II-ENERGY DAMP_H NO. 3 (+ }

X93 33 X4 103 X3 103 X93-2 33 HO3 0.35 20 HI-ENERGY DAMPER NO. 3 (.)

X97 33 X3 84 X4 84 X97.2 33 HO3 0.35 20 HI-ENERGY DAMPER NO. 3 (-)

X97 2 X3 9 X4 9 X97-2 2 H02 0,35 20 PWR SUP TO M9 GROUP2 HOOKS N

X97 3 X3 51 X4 51 X97.2 3 HO2 0.35 20 PWR SUP TO M9 GROUP2 HOOKS N

X97 49 X3 26 X4 26 X97-2 49 HO2 0.35 20 PWR SUP TO M9 GROUP 2 HOOKS N

X97 50 X3 52 X4 52 X97-2 50 HO2 0.35 20 PWR SUP TO M9 GROUP2 HOOKS N

X93 2 X4 14 X3 14 X93-2 2 HO! 0.35 20 F_/VRSUP TO M8 GROUP 2 HOOKS N

X93 3 X4 68 X3 68 X93-2 3 HO1 0.35 20 PWR SUP TO M8 GROUP2 HOOKS N

X93 49 X4 29 X3 29 X93-2 49 HO| O.35 20 PWR SUP TO M8 GROUP2 HOOKS N

X93 50 X4 69 X3 69 X93-2 50 HO1 0.35 20 PWR SUP TO M8 GROUP2 HOOKS N

X93 9 X4 65 X3 65 X93-2 9 HO1 0.35 22 GROUP2 HOOKS CLOSED N

X97 9 X3 48 X4 48 X97-2 9 HO2 0.35 22 GROUP2 HOOKS CLOSED N

X93 8 X4 64 X3 64 X93-2 8 HO1 0.35 22 3ROUP 2 HOOKS OPEN N

X97 8 X3 47 X4 47 X97-2 8 HO2 0.35 22 GROUP 2 HOOKSOPEN N
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Table 160-12. Orbiter-lo-ICM Interfaces, X3 and X4 (continued)

ORBITER DOCKING MECHANISM ICM I PMA - 2 RUSS AMEIq

(-3002l (-8002| EMC WlRI WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB IIF UMB I/F INTERFACE PANEL SIZE SIZE

CONN PiN CONN PiN CONN PIN CONN PIN (mmZ) (GA)

X93 4 X4 73 X3 73 X93-2 4 HOt 0.35 22 GROUP 1 HOOKSIN-BETWEEN

X97 4 X3 56 X4 56 X97-2 4 HO2 0.35 22 GROUP i HOOKSIN-BETWEEN

X97 10 X3 57 X4 57 X97-2 10 HO1 0.35 22 GROUP2 HOOKSIN-BETWEEN

X93 10 X4 74 X3 74 X93-2 10 HO2 0.35 22 GROUP2 HOOKS IN-BETWEEN

X93 46 X4 79 X3 79 X93-2 46 HO2 0.35 22 CONTROL SENSOR RETURN N

X97 46 X3 62 X4 62 X97-2 46 HO2 0.35 22 CONTROL SENSOR RETURN N

X93 40 X4 80 X3 80 X93-2 40 HO1 0.35 22 CONTROL SENSOR RETURN

X93 11 X4 75 X3 75 X93-2 11 HO1 0.35 22 READY TO HOOK

X97 I ! X3 58 X4 5B X97-2 11 HO2 0.35 22 READY TO HOOK

X93 12 X4 76 X3 76 X93-2 12 HO! 0.35 22 UNDOCK COMPLETE

X97 12 X3 59 X4 59 X97-2 12 HO2 0.35 22 UNDOCK COMPLETE

X93 i4 X4 71 X3 71 X93-2 i4 HO2 0.35 22 INTERFACE SEALED

X97 15 X3 55 X4 55 X97-2 15 HO3 0.35 22 IN]EHFACE SEALED

X97 13 X3 53 X4 53 X97-2 13 HO1 0.35 22 tNTERFACE SEALED

X93 13 X4 70 X3 70 X93-2 13 HO3 0,35 22 INTERFACE SEALED

X97 40 X3 63 X4 63 X97-2 40 HO1 0,35 22 CONTROL SENSOR RETURN

X109 1 X3 10 X4 I0 X109-2 1 ML 0.35 22 BALL SCREW NO. 1 LIN ADV iCOM)

XlO9 2 X3 11 X4 11 X109-2 2 ML 0.35 22 BALL SCREW NO, 1 LIN ADV (SIG)

X109 3 X3 i2 X4 12 X109-2 3 ML 0.35 22 BALL SCREW NO. 1 LIN ADV (EXC)

X109 4 X3 13 X4 13 XLO9-2 4 ML 0.35 22 BALL SCREW NO. 2 LIN ADV (SIG)

XI09 19 X3 128 X4 128 X109-2 19 ML 0.35 22 BALL SCREW NO. 2 LIN ADV (EXC)

Xl09 5 X3 14 X4 14 X109-2 5 ML 0.35 22 BALLSCREW NO. 3 LIN ADV (SIG)

XlO9 21 X3 135 X4 135 X109-2 21 ML 0.35 22 BALL SCREW NO. 3 LIN ADV IEXC)

XI09 6 X3 15 X4 15 Xl09-2 6 ML 0.35 22 BALL SCREW NO. 1 MISALIGN (SIGI
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Table 160-12. Orbiter-lo-ICM Interfaces, X3 and X4 (continued)

ORBITER DOCKING MECHANISM ' ICM / PMA- 2 I RUSS I AMER I

1-3002l 1-8002I EMC WIRE WIRE FUNCTIONS
INTERFACE PANEl UMB I/F UM8 I/F INTERFACE PANEL SIZE SIZE

CONN CONN

X109 XI09-2 iW NO. I MISALIGN (EXCI

XlO9 X109-2 BALLSCREW NO. 2 MISALIGN iSIG)

X109 XLO9-2 E]ALLSCREW NO. 2 MISALIGN IEXC)

X109 X109-2 BALL SCREW NO. 3 MISAUGN (COMI

X109 X109-2 BALL SCREW NO. 3 MISALIGN (SIG}

X109 X109-2 3 MISALIGN (EXCI

X 109 X 109-2 LATCHES MANUAL REL RTN

XlO9 X109-2 MANUAL RELEASE

X109 X109-2 FINAL POSITION

X109 X109-2 CAPTURE LATCH OPEN

X109 X109-2 LATCHES CLOSED

X109 X109-2 POSITION

X 109 X 109-2 D POSITION

X108 XLO8-2 NO 1 TEMP (COMI

X108 X108-2 I TEMP (EXCI

X108 X108-2 SOCKET NO 2 TEMP (COM)

X108 X108-2 LWR BALL SOCKET NO 2 TEMP (EXC)

XlO8 X108-2 LWR BALL SOCKET NO 3 TEMP (COMI

XlO8 X108-2 LWR BALL SOCKET NO 3 TEMP (EXC)

XlO8 XI08-2 CAPTURE LATCH NO. I TEMP (COMI

XI08 XI08-2 CAPTURE LATCH NO. 1 TEMP (EXC)

X108 X108-2 CAPTURE LATCH NO. 2 TEMP (COMI

X108 X108-2 CAPTURE LATCH NO. 2 TEMP (EXC)

X108 X108-2 CAPTURE LATCH NO. 3 TEMP ICOMI
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Table 160-12. Orbiter-to-ICM Interfaces,X3 and X4 (continued)

ORBIIEH DOCKING MECHANISM ICM / PMA - 2 RUSS AMER

(-3002| (-8OO2} EMC WIRE WIRE FUNCTIONS NO]I
INTERFACE PANEL UMB I/F UMB ilF INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PiN (mm_j (GA)

xio8 12 X4 134 X3 134 X108-2 12 ML 0.35 22 CAPTURE LATCH NO. 3 TEMP (EXC} 2S-27

X108 i3 X4 135 X3 135 X108-2 13 ML 0.35 22 DOCKING RING DRIVE TEMP (COM) 2S-28

XlO8 14 X4 138 X3 i 36 xi08-2 i4 ML 0.35 22 DOCKING RING DRIVE TEMP |EXC) 2S-28
XIO9 25 X3 143 X4 143 X109-2 25 ML1 0.35 22 UNDOCK COMPLETE

X109 24 X3 138 X4 138 XLO9-2 24 ML1 0.35 22 READY TO HOOK

XlO9 20 X3 132 X4 132: X109-2 20 ML1 0.35 22 READY TO HOOK RTN

X109 28 X3 147 X4 147 XLO9-2 28 ML1 0.35 22 GROUP i HOOKS CLOSED POS

X109 27 X3 145 X4 145 Xl09-2 27 ML2 0.35 22 GROUP 2 HOOKS OPEN POSITION

XlO9 26 X3 144 X4 144 XLO9-2 26 MLi 0.35 22 GROUP 1 HOOKS OPEN POSITION

XIO9 29 X3 i82 X4 182 xi08-2 29 ML2 0.35 22 GROUP 2 HOOKS CLOSED POS

X109 18 X3 126 X4 126 XIO9-2 18 ML2 0.35 22 GROUP 2 HOOKS CLOSE POS RTN

XlO8 25 X4 148 X3 148 XLO8-2 25 ML O,35 22 GRP i HKS LINEAR ADV (EXC}

XlO8 26 X4 i49 X3 149 XLO8-2 26 ML 0.35 22 GRP 1 HKS LINEAR ADV ISIG)

X108 27 X4 150 X3 150 XLO8-2 27 ML 0.35 22 GRP I HKS LINEAR ADV (COM)

Xl08 28 X4 182 X3 182 X108-2 28 ML 0.35 22 GRP 2 HKS LINEAR ADV (EXC)

X108 29 X4 183 X3 183 X108-2 29 ML 0.35 22 GRP 2 HKS LINEAR ADV (SIG)

X108 30 X4 184 X3 184 XLO8-2 30 ML 0,35 22 GRP 2 HKS LINEAR ADV (COMI

X108 i5 X4 137 X3 137 XLO8-2 15 ML 0.35 22 DOCKING IIF TEMP NO. i (COM) 2S-29

X108 16 X4 138: X3 138 X108-2 16 ML 0.35 22 DOCKING IIF TEMP NO. 1 IEXC) 2S_2§

X108 17 X4 139 X3 139 XLO8-2 17 ML 0.35 22 DOCKING I/F TEMP NO. 2 ICOM) 2S30

XIO8 18 X4 140 X3 140 X108-2 18 ML 0.35 22 DOCKING I/F TEMP NO. 2 (EXC) 2S-30

Xl08 19 X4 141 X3 141 X108-2 i9 ML 0.35 22 DOCKING I/F TEMP NO. 3 ICOM) 2S-31

X108 20 X4 142 X3 142 XLO8-2 20 ML 0.35 22 DOCKING IIF TEMP NO. 3 IEXC) 2S3i

XlO8 21 X4 144 X3 144 X108-2 2i ML 0.35 22 HOOKS DRIVE TEMP NO. 1 (COMI 2S 32



_.JDE IDENI. NO 03953

NHMItER I REVISION LETTER

L-L__ PAGE 1
Js026938 _1__12_ 658

Table 160-12. Orbiter-to-ICM Interfaces. X3 and X4 (continued)

ORBITER DOCKING MECHANISM _ICM / PMA- 2 RUS' AME
I

(-3002l 1-8002) EMC WlRI WIRI FUNCTIONS NOTE
INTERFACE PANEL ' UMB I/F UMB I/F INTERFACE PANEL SIZE

CONN I PIN CON I p CONI PII CONN _._ (mm_ (GAJ

X108 2"--_ X--'_ -_ X-'-'_ 1""4 X108-2 - 22 ML 0.35 22 DRIVE TEMP NO, 1 (EXCI 2S-3;

XlO8 2"'_ X"-'_ -_ X_'3" 1"4" XLO8-2 2-'---3 ML 0.35 22 DRIVE TEMP NO. 2 (COM) 2S-33

XlO8 2""_ X'-'-_ -_ X""-3- 1"_ X108-2 2"---'4 ML O.35 22 DRIVE TEMP NO. 2 (EXCI 2S-33
X 108 5--'-O X---_ -_ X-'-"3" 14--'_ X 108-2 5"--O ML O.35 22 APDS MEASI

X92 3"-"-2 X'_- "_ X-"_ 16"_ X92.2 3---_ ML1 0.35 22 HOOKS 1 CLOSED IND

X92 3"--_ X----_" "_ X--"_ 15-'-_, X92-"--"--'_ 3""_ iLl 0.35 22 HOOKS 3 CLOSED IND

X92 3"-"_ X--"4- 1"5 X-'-"_ 15"-'_ X92-2 3"--"4 aLl 0.35 22 HOOKS 5 CLOSED IND

X92 3"-'5- X'_'4- !'5 X'---'_ 15""_ X92-2 3_'5" ML1 0.35 22 I HOOKS 9 CLOSED IND

X92 3-"-'6 X--"_" _ X""_ 15"-_ X92-2 3--_ ML1 0.35 22 I HOOKS 11 CLOSED IND

X92 3"-"_ X"-"_ 1"5 X-'-_ 15"-3 X92-2 3"-"_ ML1 0.35 22 APDA1 HOOKS 1,3,5,9_ SOURCE Ill

X92 3"-'8- X'--"4"- 1"5 X'--_ 15"_ X92-2 3"-"_ ML1 0.35 2.2 _1HOOKS _OS IND SOURCE (2)
X96 3-'-_ X'--'_ _ X'_" 10-'3 X96-'-"-"-'_ 3"-"_ ML2 0.35 22 ICM APDA1 HOOKS 2 CLOSED IND

X96 3"--'3- X-"'_ _ X'--'4"- _0-4 X96-2 3"--_ ML2 0.35 22 HOOKS 4 CLOSED IND

X96 3-"_ X"-"_ i_. X'-"_" 0-'5 X96-2 3--'4"- ML2 0.35 22 APDAI HOOKS 8 CLO-----_-DIND

X96 3"-5- X'_3"- I'_ X'_4-" O-'6 X96-2 3"--5-- ML2 0.35 22 APDA1 HOOKS 10 CLOSED IND

X96 36 X3 _ X4 07 X96-2 36 ML2 0.35 22 APDA1 HOOKS 12 CLOSED IND

X96 3"'_ X"-'_ "_ X_4"- I-4 X96-2 -- 3---7-" ML2 0.35 22 ,1 HOOKS 2,4,8,10,12 CLOS IND SOURCE

X96 3T X-'_ _ x-_--" 2-T x96---"--'-'2_ 3"-'8"- ML2 0.35 22 ,4,8,10, CLOS IND SOURCE

X96 4-"_ X'-"_" 2-2 X"_ 2-2"- X96-2 4-'_ VIL2 3.35 22 X3 CONN MATE |TM/SIG) (To Orb)

X96 39 X3 _ X4 23 X96-2 39 VIL2 3.35 22 X3 CONN MATE (TM/PWR) (To Orb)

X92 40 X4 5"4 X3 5-_ X92-2 40 _ILI ).35 22 X4 CONN MATE iTM/SIG] ITo Ofbl

X92 39 X4 _ X3 3"_ X92-2 39 vlL1 ).35 22 ICM-1 X4 CONN MATE (TM/PWR] (To Orb]

X ! 11 3-"_- X'_ _" X4_ F_ X97-2 4-"4"-- 22 DRB X3 CONN MATE (TM/SIGI
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Table 160-12. Orbiter-to-lCMInterfaces,X3 and X4 (continued)

UttBIIl:tt UUr_KINU MECHANISM ICM I PMA - 2 RUSS AMER

(-3002) )-8002} EMC WIRE WIRE FUNCTIONS NOTE
INTERFACE PANEL UMB IIF UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm 7) (GA)

Xl 1t 32 X3 177 X4 177 X97-2 45 ML2 0.35 22 ORB X3 CONN MATE (TMIPWR)

)(110 31 X4 176 X3 176 X93-2 '44 ML1 0.35 22 ORB X4 CONN MATE )TMISIG)

X110 32 X4 177 X3 177 X93-2 45 ML1 0.35 22 ORB X4 CONN MATE (TMIPWR)

X94 36 X4 179 X3 ! 179 X94-2 36 He1 0.35 20 PRI iNH 1 CONTROL (Z)

X94 37 X4 180 X3 180 X94-2 37 Hal 0.35 20 PRI INH 2 CONTROL (K)

X94 29 X4 173 X3 173 X94-2 29 He1 0.35 20 PRI INH 2 CONTROL (H)

X94 28 X4 174 X3 174 X94-2 28 He1 0.35 20 PRI INH 1 CONTROL (J)

X94 39 X4 181 X3 181 X94-2 31 He1 0.35 20 )Reserved for NRL - from Pass Hks Mtr Controls)

X94 30 X4 175 X3 175 X94-2 30 He1 0.35 20 Reserved for NRL - from Pass Hks Mtr Controls)

X94 31 X4 178 X3 78 X94-2 39 He1 0.35 20 (Reserved for NRL - from Pass Hks Mtr Controls)

x94 38 x4 151 x3 151 x94-2 38 He1 0.35 20 Reserved for NRL - from Pass Hks Mtr Controls)

X99 36 X3 173 X4 173 X99-2 36 He2 0.35 20 Reserved for NRL - from Pass Hks Mtr Controls)

X99 37 X3 174 X4 174 X99-2 37 He2 0.35 20 (Reserved for NRL - from Pass Hks Mtr Controls)

X99 29 X3 79 X4 179 X99-2 29 He2 0.35 20 )Reserved for NRL - from Pass Hks Mtr Controls)

X99 28 X3 180 X4 180 X99-2 28 He2 0.35 20 Reserved for NRL - from Pass _lks Mtr Controls)

X99 39 X3 !178 X4 178 X99-2 31 He2 0.35 20 BU INH 2 CONTROL rE)

X99 30 X3 184 X4 184 X99-2 30 He2 0.35 20 BU INH 1 CONTROL IF)

X99 31 X3 175 X4 175 XB9-2 39 He2 0.35 20 BU INH 1 CONTROL (Q)

X99 38 X3 156 X4 156 X99-2 38 He2 0,35 20 BU INH 2 CONTROL (C)

X94 32 X4 44 X3 44 X94-2 32 HOt 0.35 22 DSPP DS8 OPEN )SAFE)

X94 33 X4 43 X3 43 X94-2 33 He1 0.35 22 DSPP DS8 OPEN (PWR)

X94 24 X4 38 X3 38 X94-2 24 He1 0.35 22 DSPP DS8 CLOSED (ARM)
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Table 160-12. Orbiter-to-ICM Interfaces, X3 and X4 (continued)

ORBITER DOCKING MECHANISM ICM / PMA - 2 FRUS AMEF

(-3002) (-BOO2) EM£ _WlRI WIRE FUNCTIONS NOT
INTERFACE PANEL UMB I/F UMB I/F INTERFACq PANEl SIZE SIZE

CONN PIN CONI PI CONI PIP CONN PIN (ram: (GA)

X94 25 X4 3 X3 37 X94-2 25 HOI O.3E 22 DSPP DS8 CLOSED (PWR)

X94 43 X4 3 X3 31 X94-2 43 HOt 0.35 22 IReserved for NRL - from Pass Hks Mtr Status Ind)

X94 - _ _ 3! X---'_ 3"_ X94-2 4-'-_ HO'--'T 0.3"-'-"5 2"-"-_ IReserved for NRL - from PassHks Mtr Status Ind)

X94 48 X4 3! X-"_ 3-'_ X94-2 4_ HO-'--T 0.3"-'-5 2"--'_ _ for NRL - from Pass Hks Mtr Status Ind)

X94 49 X4 3_ X3 34 X94-2 49 HO1 0.35 22 _ for NRL - from Pass Hks Mtr Status Ind) --

X99 32 X3 ! X4 1 X99-2 32 HO2 0.35 22 (Reserved for NRL - from Pass Hks Mtr Status Ind)

X99 3-'-_ X--"3- 5 X'-"4- _ X99-2 3"-'_ HO---'_ 0.3--'-_ 2"--'_ IReserved for NRL - from Pass Hks Mtr Status Ind)

X99 24 X3 95 X4 95 X99-2 24 HO2 0.35 22 [Reserved for NRL - from Pass Hks Mtr Status Ind)

X99 25 X3 95 X4 96 X99-2 25 HO2 0.35 22 Reservedfor NRL - from Pass Hks Mtr Status Ind)

X99 43 X3 54 X4 54 X99-2 43 HO2 0.35 22 DSPP DS9 OPEN (SAFE)

X99 44 X3 50 X4 60 X99-2 44 HO2 0.35 22 _ DS9 OPEN (PWR)

X99 48 X3 97 X4 97 X99-2 48 HO2 0.35 22 DSPP DS9 CLOSED (ARM)

X99 49 X3 _8 X4 98 X99-2 49 HO2 0.35 22 _CLOSED (PWR)

X94 40 X4 72 X3 72 X94-2 40 i MLf 0.35 22 (Reserved for NRL - from Pass Hks Position Ind)

X94 45 X4 09 X3 09 X94-2 45 ] ML1 0.35 22 (Reserved for NRL - from Pass Hks Position Ind)

X94 46 X4 01 X3 01 X94-2 _ ML1 0.35 22 (Reserved for NRL - from Pass Hks Position I,d) --

X94 50 X4 D2 X3 02 X94-2 _ ML1 0.35 22 : Reserved for NRL - from Pass Hks Position Ind) --

X99 40 X3 t9 X4 )9 X99-2 _ ML2 0.35 22 [Reserved for NRL - from Pass Hks Position Iodl

X99 45 X3 _)0 X4 O0 X99-2 _ ML2 D.35 22 (Reserved for NRL - from Pass Hks Position Ind) ----

X99 46 X3 )1 X4 Ol X99-2 _ VIL2 :).35 22 (Reserved for NRL_s Position Indl --



JI)E II)ENI. NO. 03953

J NUMBERIq_. ").O_ REVISI, EF PAGE j

I I" I '_ I'-" I I I I I I b_l I

Table 160-12. Orbiter-to-ICM Inlerfaees, X3 and X4 (continued)

UMCSlI t:PIUUL.K.INUMbI_HANISM ICM I PMA - 2 RUSS AMER

1-3002) (-8002l EMC WIRE WlRI FUNCTIONS NOTE
iNTERFACE PANEL UMB IIF UMB I/F INTERFACE PANEL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mmz) (GA)

X99 50 X3 i02 X4 102' X99-2 50 ML2 0.35 22 (Reserved for NRL - from Pass Hks Position Indl

X94 1 X4 4 X3 4 X94-2 1 HO 0.35 22 C/L TV CAM #2 LIGHT + 2S-1

X94 5 X4 10 X3 10 X94-2 5 HO 0.35 22 C/L TV CAM #2 LIGHT + 2S-1

X94 6 X4 9 X3 9 X94-2 6 0.35 SPARE''* 2S-1"

X94 2 X4 28 X3 28 X94-2 2 HO 0.35 22 C/L TV CAM #2 LIGHT - 2S-2

X94 3 X4 19 X3 19 X94-2 3 HO 0.35 22 CIL TV CAM #2 LIGHT - 2S-2

X94 7 X4 18 X3 18 X94-2 7 0.35 SPARE''* 2S-2"

X94 4 X4 22 X3 22 X94-2 4 HO 0.35 22 CIL TV CAM #2 PWR + 2S-3

X94 8 X4 32 X3 32 X94-2 8 HO 0.35 22 CIL TV CAM #2 PWR + 2S-3

X94 9 X4 30 X3 30 X94-2 9 0.35 SPARE*** 2S-3"

X94 10 X4 41 X3 41 X94-2 10 HO 0.35 22 CIL TV CAM #2 PWR - 2S-4

X94 16 X4 42 X3 42 X94-2 i6 HO 0.35 22 C/L TV CAM #2 PWR - 2S-4

X94 17 X4 40 X3 40 X94-2 17 0.35 SPARE**" 2S-4"

X94 15 X4 1()8 X3 I08 X94-2 15 HO 0.35 22 CIL TV CAM//2 HTR PWR + °" 2S-5

X94 22 X4 107 X3 tO7 X94-2 22 HO 0.35 22 CIL TV CAM #2 HTR PWR + "" 2S-5

X94 23 X4 120 X3 120 X94-2 23 0.35 SPARE*"" 2S-5 '

X94 13 X4 118 X3 18 X94-2 13 HO 0.35 22 C/L TV CAM//2 HTR PWR - * " 2S-6

X94 i4 X4 119 X3 1i9 X94-2 14 HO 0.35 22 elL TV CAM #2 HTR PWR - "" 2S-6

X94 21 X4 115 X3 lt5 X94-2 21 0.35 SPARE,=- 2S.6_

X94 12 X4 8 X3 8 X94-2 12 HO 0.35 22 CIL TV CAM #2 LIGHT + 2S-7

X94 19 X4 7 X3 7 X94-2 19 0.35 SPARE*'' 2S-7

X94 20 X4 6 X3 6 X94-2 20 0.35 SPARE""" 2S- 7"

Xg4 11 X4 13 X3 13 X94-2 11 HO 0.35 22 C/L TV CAM #2 LIGHT - 2S-8

X94 18 X4 16 X3 16 X94-2 18 0.35 SPARE''' 2S 8

X94 26 X4 15 X3 15 X94-2 26 0.35 SPARE*"" 2S 8"
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Table 160-12. Orbiler-to-ICMInterfaces. X3 and X4 (continued)

ORBITER DOCKING MECHANISM ICM / PMA - 2 RUSS AMER

(-3002} (-8002) EMC WIRE WIRE FUNCTIONS NO]E
INTERFACE PANEL UMB IIF UMB IIF INTERFACE PANEL SIZE SIZE

CONN PIN CONN PiN CONN PIN CONN PIN (mm7} (GA)

X110 15 X4 167 X3 167 X110-2 15 RF1 0.2" 22 SPARE'*" 2S17

XllO 16 X4 168 X3 168 Xl10-2 16 RF1 0.2" 22 SPARE''' 2S-17

X110 17 X4 169 X3 169 X110-2 17 RF1 0.35 22 SPARE''' 2S-17;

X110 20 X4 170 X3 i 70 Xl lO-2 20 RFt 0.2" 22 CIL TV CAM #2 SYNC OUT + 2S-18

X110 21 X4 171 X3 _71 X110-2 2i RF1 0.2" 22 C/L TV CAM #2 SYNC OUT - 2s-i8

X110 22 X4 172 X3 172 X110-2 22 RF1 0.35 22 C/L TV CAM #2 SYNC OUT SHD 2S-18"

Xlll 34 X3 i09 X4 109 X99-2 26 RF/HO 0.2"(b| 22 CIL TV CAM #1 HTR PWR + "" 2S-19

Xill 35 X3 110i X4 1i0 X99-2 27 RFIHO 0.2"(b( 22 CILTVCAMI1HTRPWR + "" 2s-i9

Xlll 36 X3 Ill X4 111 X111-2 36 RF 0.35 SPARE'"" (SHIELD WIRE NOT REQUIRED) 2S-19"

X111 38 X3 118 X4 118 X99-2 34 RFIHO 0.2"(b) 22 C/L TV CAM #1 HTR PWR - ° _ 2S-20

X111 39 X3 119 X4 119 X99-2 35 RFIHO 0.2*(b 22 CILTVCAM#IHTRPWR- °° 2S-20

XIli 40 X3 120 X4 120 Xl11-2 40 RF 0.35 SPARE''' (SHIELD WIRE NOT REQUIRED} 2S-20"

X111 48 X3 115 X4 115 Xl11-2 48 RF 0.2" 22 SPARE''' 2S-21

X111 49 X3 116 X4 16 Xlll-2 49 RF O.2" 22 SPARE''* 2S-2!

X111 50 X3 117 X4 117 Xlil-2 50 RF 0.35 SPARE''' 2S-2i"

X99 1 X3 129 x4 129 X99-2 1 HO 0.35 22 P-/LTV CAM #1 LIGHT +

X99 2 X3 130 X4 130 X99-2 2 HO 0.35 22 P-ILTV CAM #1 LIGHT +

X99 3 X3 148 X4 148 X99-2 3 HO 0.35 22 CIL TV CAM #1 LIGHT +

X99 4 X3 149 X4 149 X99-2 4 HO 0.35 22 CIL TV CAM #1 LIGHT -

X99 5 X3 150 X4 150 X99-2 5 HO 0.35 22 CIL TV CAM #1 LIGHT -

X99 6 X3 15i X4 151 X99-2 6 HO 0.35 22 C/L TV CAM #1 LIGHT -

X99 7 X3 153 X4 153 X99-2 7 HO 0.35 22 C/L TV CAM #i PWR +

X99 8 X3 154 X4 154 X99-2 8 HO 0,35 22 CIL TV CAM I1 PWR +

X99 9 X3 155 X4 155 X99-2 9 HO 0.35 22 CIL TV CAM #1 PWR -
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Table 160-12. Orbiter-to-ICM Interfaces, X3 and X4 (conlinued)

ORBITER DOCKING MECHANISM ICM I PMA - 2 RUSS _

x09_ x99-2 _ 2--T-_M #1CHAS6ND -
NOTES:

2S = (FOR 2S-1 THRU 2S-21} TWO CONDUCTOR TWISTED & SHIELDED THRU A SINGLE SHIELD PIN (*DENOTES SHIELD PIN)RUSS WIRE SIZE 0.2 t = 75-OHM, 0.2MM 2 WIRE

RUSS WIRE SIZE 0.2°(b) = 75-OHM, 0.2MM 2 WIRE ON 3002 MECHANISM ONLY; 0.35MM 2WIRE ON 8002 MECHANISM
0.35MM = PIGTAILS ON ICM SIDE, TO BE SINGLE CONDUCTORS (NO T/SL

O.35MM =WIRE TO BE SPLICED INTO PIGTAIL ON ORBITER SIDE.

N = NAVAL RESEARCH LAB WILL HAVE CAPABILITY TO CONTROL THESE FUNCTIONS DURING THE ICM/FGB UNDOCKINGSTAGE.

SPARE" •* = NO RUSSIAN PIGTAILS REQUIRED ON PMA-2 (-8002} SIDE.

• " Additional power source for Camera Heaters supplied by PPSU via ICM Canister
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Table 160-13. ICM-Io-FGB Interfaces, X3 and X4

ICM I PMA - I FGB RUSS AMER

1-70021 EMC WIRE WIRE FUNCTIONS NOTE

DISCONN, PNL IIF I/F DISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN (mm_} IGA)

X114 1 X4 i16 X3 116 Xl13 1 RF1 0.2* 22 DATA BUS (AI #1 HI 2S--

X114 2 X4 117 X3 117 Xl13 2 RF1 0.2" 22 DATA BUS (AI //1 LO 2S-1

X114 3 X4 118 X3 118 X113 3 RF1 0.35 22 DATA BUS (A) //1 SHD 2S-I "

X114 4 X4 115 X3 115 Xl13 4 RF1 0.2* 22 DATA BUS (A) //2 HI 2S-2

X114 9 X4 128 X3 128 X113 9 RF1 0.2* 22 DATA BUS (AI #2 LO 2S-2

X114 10 X4 129 X3 129 X113 10 RF1 0.35 22 DATA BUS (A| //2 SHD !2S-2"

X114 18 X4 159 X3 159 X113 18 RF1 0.2" 22 DATA BUS IAI //7 HI 2S-3

X114 19 X4 160 X3 160 X113 19 RFI 0.2" 22 DATA BUS (A} //7 LO 2S-3

X114 20 X4 172 X3 172 Xl13 20 RF1 0.35 22 DATA BUS IA) //7 SHD 2S-3"

X114 21 X4 169; X3 169 Xl13 21 RF1 O.2" 24 DATA BUS (AI #8 HI 2S-4

X114 22 X4 170 X3 170 Xl13 22 RF1 0,2" 24 DATA BUS IAI 18 LO 2S-4

X114 23 X4 171 X3 171 X113 23 RF1 0.35 22 DATA BUS (A) #8 SHD 2S-4'

X114 45 X4 141 X3 141 X113 45 RF1 0.2" 22 DATA BUS (A} //12 HI 2S-5

X114 46 X4 155 X3 155 X113 46 RFI O.2" 22 DATA BUS (A} #12 LO 2S-5

X114 50 X4 167 X3 167 X113 50 RF1 0.35 22 DATA BUS (A) #12 SHD 2S-5"

X114 25 X4 1 X3 1 X113 25 ML1 0.35 22 ICM-1 X4 CONN MATE (TMISIG) (To FGB} 2T-1

X114 33 X4 182 X3 182 X113 33 ML1 0.35 22 ICM-1 X4 CONN MATE (TM/PWR) (To FGB) 2T-1

X114 40 X4 2 X3 2 X113 40 ML1 0.35 22 ICM-1 X4 CONN MATE (TMISIG} (To Orb} 2T-3

Xl14 39 X4 181 X3 181 X113 39 ML1 0.35 22 ICM-1 X4 CONN MATE (TMIPWR} (To Orb} 2T3

X114 31 X4 4 nla n/a nla nla nla n/a 22 For ground test only ° ° ° 2T-3

X114 32 X4 173 n/a nla n/a nla nla rile 22 For ground test only "*" 2T-3
NOTES:

• *NO RUSSIAN PIGTAILSREQUIREDFOR FGB CONNECTOR-MATEFUNCTIONS
RUSSIAN WIRE SIZE 0.2* = 75-OHM, 0.2ram2 WIRE
• • *NO RUSSIAN PIGTAILS REQUIRED
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Table 160-13. ICM-Io-FGB Interfaces, X3 and X4 (continued)

ICN, i r,n_ - I FGB RUSS AMEIq

(-70021 EMC WIRE WIRE FUNCTIONS NOT_
DISCONN. PNL IIF I/F DISCONN. PNL SIZI SlZl

CONN PIN CONN PIN CONN PIN CONN PIN (mm_ (GA

Xl13 1 X3 116 X4 116 X114 1 RF2 0.2" 22 DATA BUS (BI #l HI 2S-6

Xl13 2 X3 117 X4 117 X114 2 RF2 0.2* 22 DATA BUS (BI #1 LO 2S-6

X113 3 X3 118 X4 118 X114 3 RF2 0.35 22 DATA BUS (B) #1 SHD 2S-6"

X113 4 X3 1t5 X4 115 X114 4 RF2 O.2" 22 DATA BUS (BI #2 HI 2S-7

X113 9 X3 128 X4 128 Xl i4 9 RF2 0.2 • 22 DATA BUS |B) #2 LO 2S-7

X113 10 X3 t29 X4 129 Xl i4 10 RF2 0.35 22 DATA BUS (BI #2 SHD 2S-7*

Xli3 i8 X3 159 X4 159 X114 18 RF2 0.2 • 22 DATA BUS (B) 17 HI 2S-8

X113 19 X3 160 X4 160 X114 i9 RF2 0.2" 22 DATA BUS (B) #7 LO 2S-8

Xlt3 20 X3 172 X4 172 X114 20 RF2 0.35 22 DATA BUS (BI #7 SHO 2S-8"

X113 21 X3 169 X4 169 X114 21 RF2 0.2 • 24 DATA BUS (B) #8 HI 2S-9

X113 22 X3 170 X4 170 X114 22 RF2 0.2 • 24 DATA BUS (B) #8 LO 2S-9

X113 23 X3 171 X4 171 X114 23 RF2 0.35 22 DATA BUS (B} #8 SHD 2S-9;-

X113 45 X_ 14"-"T X4 141 X114 45 RF2 0.2" 22 DATA BUS (BI #12 HI 2S-!0

X113 46 X3 155 X4 155 X114 46 RF2 0.2" 22 DATA BUS |B) //12 LO 2S-1-"-"O-

X113 50 X3 167 X4 167 X114 50 RF2 0.35 22 DATA BUS (B| _ SHO 2S-10"

X113 25 X'--'_ -_ X4 1 X114 25 ML2 0.35 22 ICM-1 X3 CONN MATE (TMISIG) (To FGB) 2T-2

Xt 13 33 X'-"--3--18"--'2" X"-"-_ 18"-_ Xt 14 33 _ 0.35 22 ICM-1 X3 CONN MATE (TM/PWR) (To FGB) 2T-2

X113 40 X3 2 X4 2 X114 40 ML2 0.35 22 ICM-1 X3 CONN MATE ITM/SIG) (To Orbl 2T-4

X! t3 39 X3 181 X4 181 X114 39 ML2 0.35 22 ICM-1 X3 CONN MATE (TM/PWR) (To Orb) 2T---_

X113 3-'--_ X-""_ T n/_ n/"_ n/_ nl'_-a'- nla nl-'-"_ 22 For ground test only • • • 2T---'-_

X 113 32 X3 7"--"3- n/-_"a'-'-n/"-'a- n/'--"---a'_ n/a nla n/a 22 For ground test only • "" 21-4

2S -- TWO CONDUCTORS TWISTED & SHIELDED THRU A SINGLE SHIELD PIN (" DENOTES SHIELD PIN)
2T = TWO CONDUCTORS TWISTED BUT NOT SHIELDED

°" *NO RUSSIAN PIGTAILS REQUIRED

I
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Table 160-13a. ICMoto-FGB Interfaces, Xl and X2

ICM I PMA - 1 FGB RUSS AMER

1-70021 EMC WIRE WIRE FUNCTIONS NOTE

DISCONN. PNL IIF i/F DISCONN. PNL SIZE SIZE

CONN PiN CONN PiN CONN PIN _ CONN PIN (mm_) (GA)

X106 29 Xl 61 0.35 22 SPARE "

XlO6 30 Xl 62 0,35 22 SPARE "

XlO6 31 Xl 63 0.35 22 SPARE *

X108 34 Xl 64 0.35 22 SPARE °

X106 35 Xl 72 0,35 22 SPARE *

XlO6 36 Xl 73 0.35 22 SPARE *

X108 37 Xl 74 0.35 22 SPARE *

XlO6 38 Xl 75 0.35 22 SPARE *

X106 39 Xl 81 0.35 22 SPARE *

X106 40 X1 82 0.35 22 sPARE *

XlO6 41 Xl 83 0.35 22 SPARE °

X106 42 X1 84 0.35 22 SPARE *

XlO6 43 Xl 90 0.35 22 SPARE *

XlO6 44 Xl 91 0.35 22 SPARE *

XlO6 45 X1 92 0.35 22 SPARE *

X108 46 Xl 93 0.35 22 SPARE *

X106 47 Xl 101 0.35 22 SPARE *

X106 48 Xl 102 0.35 22 SPARE *

XlO6 49 Xl 103 0.35 22 SPARE °

XlO6 50 Xl 104 0.35 22 SPARE *

X106 1 Xl 1 0.35 22 SPARE * 2T

X106 4 Xl 4 0.35 22 SPARE * 2T

X106 11 Xl 79 0.35 22 SPARE * 2T

XlO6 17 Xl 86 0.35 22 SPARE " 2T

X106 26 X1 149 0.35 22 SPARE " 2T
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Table 160-13a. ICM-Io-FGB Interlaces, Xl and X2 (continued)

,_M I V_A - I FGB RUSS AMER

1-70021 EMC WIRE WIRE FUNCTIONS NOTE
DISCONN. PNL IIF I/F DISCONN. PNL SIZE SIZE

CONN PIN CONN PIN CONN I PIN CONN PIN (mmZ) (GA)

X106 33 Xt i50 0.35 22 SPARE ° 2T

X106 15 X1 i45 0.35 22 SPARE °

X107 29 X2 61 0.35 22 SPARE *

XtO7 30 X2 62 0.35 22 SPARE *

X107 31 X2 63 0.35 22 SPARE "

XI07 34 XZ 64 0.35 22 SPARE *

X107 35 X2 72 0.35 22 SPARE *

X107 36 X2 73 0.35 22 SPARE "

XI07 37 X2 74 0.35 22 SPARE *

X107 38 X2 75 0.35 22 sPARE *

XlO7 39 X2 81 0.35 22 SPARE *

XlO7 40 X2 82 0.35 22 SPARE *

XIO7 41 X2 83 0.35 22 SPARE *

XlO7 42 X2 84 0.35 22 SPARE "

X107 43 XZ 90 0.35 22 SPARE *

XI07 44 X2 91 0.35 22 SPARE *

X107 45 X2 92 0.35 22 SPARE *

X107 46 X2 93 0.35 22 SPARE *

X107 47 X2 1oi 0.35 22 SPARE "

X107 48 X2 102 0.35 22 SPARE *

X107 49 X2 103 0.35 22 SPARE *

X107 50 X2 104 0.35 22 SPARE "

X107 1 X2 1 0.35 22 SPARE * 2T

X107 4 X2 4 0.35 22 SPARE " 2-"-T-'-

X107 11 X2 79 0.35 22 SPARE " 2T
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Table 160-13a. tCM-to-FGB Interfaces, Xl and X2 (continued)

ICM I PMA - 1 FGB RUSS AMER

1-7002} EMC WIRE WIRE FUNCTIONS NOTE !

DISCONN. PNL IIF I/F DISCONN, PNL SIZE SIZE

CONN PIN CONN PIN CONN PIN CONN PIN Imm_l IGAI

X107 11 X2 86 0.35 22 SPARE * 21-

X107 26 X2 149 0.35 22 Si_ARE " 2T

X101 33 X2 150 0.35 22 SPARE " 2T

X107 15 X2 145 0.35 22 SPARE °

• NO RUSSIAN PIGTAILS

21" = TWO CONDUCTORSTWISTED BUT NOT SHIELDED
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Chapter 404

Biosafety and bloodborne pathogens
This could be you...

A janitor was stuck by a hypodermic needle left in a trash can.

An employee found blood drops around his work area.

1. Who must follow this chapter?

You must follow this chapter if you work with or may be exposed to biohazards including blood,
and "other potentially infectious materials" as a part of your job. JSC has adopted the
recommendations found in the Center for Disease Control and Prevention and National Institute
of Health "Universal Precautions" and "Biosafety in Mierobiological and Biomedical
Laboratories" for controlling biohazards in the workplace.

If you don't work with blood or body fluids, but find them in your work area, follow Paragraph 2
below. If you are a supervisor, Paragraph 20 lists your responsibilities for biohazards.

2. What if I discover blood or other potentially infectious body fluids?

If you find blood or other potentially infectious body fluids around your work area:

a. Leave it alone. Without the proper training and equipment, you risk getting a bloodbomedisease.

b. Block offthe area to prevent others from contacting it.

c. Report it to Emergency Operations Center at 483-4658 and to your facility manager. They will
send janitorial personnel trained in bloodbome pathogens to clean it up.

3. What are Biohazards and Bloodborne Pathogens?

The following definitions apply to this chapter:

a. Biological Hazards or Biohazards are those infectious agents that present a risk of death,
injury or illness to employees. Bloodbome pathogens and other potentially infectious
materials (Subparagraphs b and c below) are considered biohazards.

b. Bloodborne Pathogens----pathogenic microorganisms that are present in human blood and
can cause disease in humans. These pathogens include, but are not limited to, hepatitis B virus
(HBV) and human immtmodeficiency virus (HIV).

c. Other Potentially Infectious Materials is an Occupational Safety and Health Administration(OSHA) definition which includes:

• The following human body fluids: semen, vaginal secretions, cerebrospinal fluid, synovial
fluid, pleural fluid, pericardial fluid, peritoneal fluid, amniotic fluid, saliva in dental
procedures, any body fluid that is visibly contaminated with blood, and all body fluids in

.... situations where it is difficult or impossible to differentiate between body fluids
• Any unfixed tissue or organ (other than intact skin) from a human (living or dead)
• HIV-containing cell or tissue cultures, organ cultures

http://www4.jsc.nasa.gov/safety/SafetyHandbookVerH/Part4/Chapter404.htm 3/22/99
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• H/V- or HBV-contalning culture medium or other solutions

• Blood, organs, or other tissues from experimental animals infected with H/V or H]3V

4. What OSHA requirements apply to bloodborne pathogens?

If your job description includes possible exposure to blood or "other potentially infectious
materials," you must follow the OSHA 29 CFR 19 I0.1030, "Bloodborne Pathogens."

5. Who determines if I work in a job that exposes me to biohazards or
bloodborne pathogens?

JSC Medical Sciences has a Biosafety Control Board that evaluates the use of any new potentialbiohazardous or pathogenic materials.

The Occupational Health Office evaluates all areas where civil service or contract workers could

be exposed to bloodbome pathogens. Your management must help in evaluating these areas.

6. What are the hiosafety levels and what precautions must I take for each?

You must classify all biohazards or biological materials as Biohazard 1,2 3, or 4. You must also
follow the requirements in the table below for the biosafety level that matches the biohazard

classification when working with any biohazardous material in a laboratory or clinical setting.

yes these Follow these

l,,.vel. . . agents.., practices.., equipment (primary (secondary
barriers).., barriers).tO " °

practices .uired
,. -._n,Jt.Eatc(awire numan _:5L-1practice plus: ClassI or 11BSCs or other 8SL- 1plus:

:lisease,hazard -- physical containment

!auto-inoculation, Limitedaccess; devices used for A.utoclaveavailable
ingestion, mucous 3!ohaz-ardwarning manipulating any agents that
membrane exposure ;lgus; "sharps" cause splashes or aerosols of

_recautions;biosafety infectious materials
manual defining any
needed waste PPE:laboratory coats;
decon-tamination or gloves; face protection as
medical surveillance aeeded

. )olicies

3 IndigenOUS or exotic BSL-2 practace plus: Class I or 11 BSCs or other BSL=2 plus:
agents with potential for physicalcontain-ment

aerosol transmission; _ontrolled access; devicesused for Physical separation
disease may have _econtaminateall waste; manipulatingany agents from access corridors;
serious or lethal ]decontaminatelab Iself-closing,
consequences clothing before PPE:protective lab clothing; double-door access;

laundering; baseline gloves; respira-tory exhausted air not
serum Jrotection as needed rccirculated; negative

, airflow into lab
4 Dangerousor exotic BSL-3 practaceplus: Conductall procedures in BSL-3 plus:

zgents which pose high Class III BSCs or Class I or

riskof life-threatening Change clothing before II BSCs with full-body, Separate building or
iisease, mtering; shower on exit; air-supplied, " isolatedzone;
aerosol-tmns-mitted lab tecontaminate all positive-pressurepersonnel tedi-cated supply and
infections; or related _aaterialwhen exiting suit _xhaust,vacuum, andagents with unknown Facility
risk of (ransmission :leconsystems; other

-- requirementsoutlined in
_aetest

BSL- Biosafety Level

http://www4.jsc.nasa.gov/safety/SafetyHandbookVerH/Part4/Chapter404.htm 3/22/99
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BSC-BiosafetyCabinet

7. When must I have a written exposure control plan?

Any organization or company whose employees may be exposed to blood and "other potentially
infectious matenals" must have a written exposure control plan that is tailored to the work area
and designed to minimize worker exposure. The plan must contain the items listed in 29 CFR
1910.1030(c). This exposure control plan will include but is not limited to:

a. Exposure determination and hazard analysis, which describe the occupation and tasks withexposure.

b. Methods to comply with applicable requirements.
c_ Communicating hazards to exposed employees.
d. Recordkeeping.

e. The procedures to follow after an exposure to blood or other infectious materials.
£ Hepatitis B vaccination option

You must update the written exposure control plan yearly.

8. What precautions must I observe when I work with blood or other
potentially infectious materials7

If you work with any blood or body fluids listed above, you must observe these "UniversalPrecautions":

a. Treat all blood and body fluids as infectious. Urine, feces, saliva, and vomit are not considered
a potentially infectious material unless they are visibly contaminated with blood.

b. Always wear appropriate personal protective equipment (PPE) such as gloves, lab coats or
aprons, and eye or face shields for the task at hand.

c. Wash your hands with biocidal soap immediately after removing your PPE or coming incontact with blood or body fluids.

d. Remove all PPE before leaving the work area and place in the appropriate container for
storage, decontamination, or disposal.

e. Don't eat, drink, smoke, apply cosmetics or handle contact lenses in the work area.
f. Don't store food and drink in refrigerators or freezers where blood or other infectiousmaterials are stored.

g. Minimize splashing and spraying blood or other infectious materials while handling them,
while cleaning equipment, or during any other clean-up procedure.

h. Don't pipet or suction with your mouth.

i. Make sure all ventilation hoods and biological safety cabinets are inspected at least every year.

9. What precautions must I observe when using needles?

If you use needles with blood or other infectious materials, observe these precautions:

a. Don't shear, bend or break used needles.
3. Don't recap or resheath by hand.
c. Don't remove used needles from disposable syringes.
d. Dispose of used needles in an approved biohazard container.

:lO.What housekeeping precautions must I observe?

Housekeeping is an important part of your protection so observe these requirements:

http://www4.jsc.nasa.gov/safety/SafetyHandbookVerH/Part4/Chapter404.htm 3/22/99
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a. Disinfect all work surfaces with and appropriate biocide at the end of each work shift or whenthey are contaminated.

b. Replace protective coverings such as foil or plastic wrap used to protect equipment at the endof the work shift or when they become contaminated.

c. Disinfect all waste containers labeled biohazard on a regular schedule and clean them whenthey are visibly contaminated.

d. Don't pick up broken glassware with your hands. Use tongs or a brush and dustpan. Dispose
of broken glassware in a puncture-proof biohazard container so it won't injure other workers.

e. Place all specimens in a eloseable, leakproof container and label the container before storingor transporting.

£ Use a secondary container if the first is likely to be damaged.

11. What disposal precautions must I observe?

Disposal is an important part of protecting others so observe these requirements:

a. Place all infectious waste in closeable, leakproof containers that are color-coded or labeled asdescribed in Paragraph 12 below.
b. Keep infectious waste separate from other waste.
c. Wear protective gloves when handling infectious waste.

d. Make sure that infectious waste is picked up and transported by trained personnel only and
that it is disposed of in a biological incinerator. In emergencies, first responders may take
properly bagged waste to the JSC Clinic for disposal during working hours.

e. Minimize handling laundry that is contaminated. Bag it at the site in a properly labeled
container and take it to a laundry for cleaning.

12. What labeling requirements are used for blood and body fluids?

Labels must be fluorescent orange or orange-red and include the word BIOHAZARD and the
biohazard symbol in a contrasting color. Place this warning sign on all containers of infectious
waste, and on refrigerators or freezers that contain infectious materials. You may use red bags orcontainers in place of labels for containers of infectious waste.

13. What protective clothing and equipment must I use when working withblood and potentially infectious materials?

You must wear the following protective equipment:

a. Latex gloves

b. Lab coat or apron and eye and face protection if splashing or spraying is possible

14. May I get a Hepatitis B virus vaccination?

The JSC Clinic provides HBV vaccine to all on-site contractor and civil service employees in the
job classifications listed in the exposure control plan for your area. The Occupational Health
Officer must concur before you get the vaccine. This vaccine must be offered to you at no cost
within 10 working days of being assigned duties that could expose you to blood or other
potentially infectious materials. You may decline this vaccine when it is offered by signing a
5eclination form. (See Attachment 404A in Appendix 4A.) If you later change your mind, you,:an still get the vaccine from the JSC Clinic.

15. What training must I have to work safely with blood and body fluids?

http:i/www4.jsc.nasa.gov/safety/SafetyHandbook VerH/Part4/Chapter404.htm 3/22/99
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You must be trained within I0 working days of being assigned duties that could expose you to
blood or other potentially infectious materials and yearly thereafter to handle blood and body
fluids listed in the "Universal Precautions" of the Center for Disease Control and Preventionsafely. Your training must include:

a. A copy of 29 CFR 1910.1030 and an explanation of its contents.

b. A general explanation of the epidemiology, symptoms, and modes of transmission ofbloodbome diseases.

c. An explanation of how to recognize activities that may involve exposure to blood and otherpotentially infectious material.

d. An explanation of the use and limitations of practices that will prevent or reduce exposure,
including appropriate engineering controls, work practices, and PPE.

e. Information on the type,s, selection, proper use, location, removal, handling, decontaminationor disposal of PPE.

f. Information on the HBV vaccine, including information on its effectiveness, safety, the
benefits of being vaccinated, and that the vaccination will be offered to you free of charge.

g. Information on the appropriate actions to take and persons to contact if you or someone else
are exposed to blood or body fluids.

h. An explanation of the procedure to follow if an exposure incident occurs, including how to
report the incident and the medical follow-up that will occur.

i. Information on the post-exposure evaluation and follow-up that will be provided for you afteran exposure incident.

j. An explanation of the signs, labels, and color-coding system.

k. An opportunity to ask questions of the person conducting the training session. Training isavailable through the Occupational Health Office.

I. Information on the Center for Disease Control Prevention's Communicable Hotline
(1-800-342-2437) to receive personal, confidential, and reliable information.

See chapter 108, "Safety and health training," of this handbook for more information on training.

16. What must I do if I'm exposed to blood or other infectious materials?

If you are exposed to blood or body fluids, get medical treatment immediately. You have a
two-hour window of opportunity to start treatment. If you are treated at an outside medical
facility, go to your site Clinic as soon as possible for a follow-up visit. Follow the table below:

_j the exposure is... IThen . . .

An emergency where you need an "Call x33333 at JSC and the Sonny Carter Training Facility,
ambulance x44444 at EIlington Field, 911 at any off-site location, or x5911

at White Sands Test Facility.

re the eye, mouth, other mucous • Flood the area with water for 15-20 minutes or wash with soap.membrane or non-intact skin

Go to the JSC Clinic or emergency room if the Clime is closed
for post-exposure follow-up.

To intact skin • Immediately and thoroughly wash the affected area with
biocidal soap.

• Go to the JSC Clinic or emergency room if the Clinic is closed
for post-exposure foUow-up.

17. What will the clinic do?

i_orJSC employees, the JSC Clinic will provide a confidential medical evaluation to you if youhave been exposed and will:

h _
ttp:j/www4 J sc.nasa.gov/safety/SafetyHandbookVerH/Part4/Chapter404.htm 3/22/99
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a. Document the:

• Route(s) of exposure.

• HBV and HIV antibody status of the source individual, if known.
• The circumstances under which the exposure occurred.
• Any "first aid" or "prophylactic" measures that you received.

b. Collect and test the source individual's blood to determine the presence of HIV or HBV
infection, if the source individual can be identified, and permission given. You will be
informed of applicable laws and regulations about disclosing the identity and infectious statusof the source individual.

c. Collect blood from you as soon as possible after the exposure incident to determine your
HBV, Hepatitis C, and HIV antibody status.

d. Follow-up on you, including the following:

• Antibody or antigen testing
• Counseling
• Evaluation of reported illnesses

• Safe and effective post-exposure treatment under standard recommendations for medicalpractice

18. What medical records does JSC keep?

a. The JSC Clinic keeps all medical exposure records for the duration of your employment plus30 years.

b. These medical records are available to you and anyone with your written consent.
c. You must file an injury report (JSC Form 340) for any exposure. The Safety Office will send a

copy to your supervisor or company.

19. Where can I get more information on biohazards and bloodborne
pathogens?

You can find more information on bloodbome pathogens in these documents or contact the JSCClinic:

a. 29 CFR 1910.1030

b. "Universal Precautions" guidelines from the Center for Disease Control and Prevention
c. "Bio Safety in Microbiological and Bio medical Laboratories," published by the Center for

Disease Control and Prevention and the National Institute of Health

20. Who else has responsibilities for biooflborne pathogen safety?
As a supervisor, you must:

a. Control all exposures to bloodbome pathogens through a written exposure control plandesigned to minimize worker exposure.

b. Make sure your employees follow the requirements of this chapter and your exposure controlplan.

.-_ c. Make sure your employees are trained in protecting themselves from bloodborne pathogens.d. Provide adequate PPE.

b. Offer to all employees the Hepatitis B vaccination and training within 10 working days of

http://www4.j sc.nasa.gov/safety/SafetyHandbookVerH/Part4/Chapter404.htm 3/22/99
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being assigned to a job in which they could be exposed.

http:,Twww4.j sc.nasa.gov/safety/SafetyHandbookVerH/Part4/Chapter404.htm 3/22/99
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Chapter 404

Biosafety and bloodborne pathogens
This could be you...

A janitor was stuck by a hypodermic needle left in a trash can.

An employee found blood drops around his work area.

1. Who must follow this chapter?

You must follow this chapter if you work with or may be exposed to biohazards including blood,
and "other potentially infectious materials" as a part of your job. JSC has adopted the
recommendations found in the Center for Disease Control and Prevention and National Institute
of Health "Universal Precautions" and "Biosafety in Microbiological and Biomedical
Laboratories" for controlling biohazards in the workplace.

If you don't work with blood or body fluids, but find them m your work area, follow Paragraph 2
below. If you are a supervisor, Paragraph 20 lists your responsibilities for biohazards.

2. What if I discover blood or other potentially infectious body fluids?

If you find blood or other potentially infectious body fluids around your work area:

a Leave it alone. Without the proper training and equipment, you risk getting a bloodbomedisease.

b. Block offthe area to prevent others from contacting it.

c. Report it to Emergency Operations Center at 483-4658 and to your facility manager. They will
send janitorial personnel trained in bloodbome pathogens to clean it up.

3. What are Biohazards and Bloodborne Pathogens?

The following definitions apply to this chapter:.

a. Biological Hazards or Biohazards are those infectious agents that present a risk of death,
injury or illness to employees. Bloodborne pathogens and other potentially infectious
materials (Subparagraphs b and c below) are considered biohazards.

b. Bloodborne Pathogens--pathogenic microorganisms that are present in human blood and
can cause disease in humans. These pathogens include, but are not limited to, hepatitis B virus
(HBV) and human irnmtmodefieieney virus (HIV).

c. Other Potentially Infectious Materials is an Occupational Safety and Health Administration
(OSHA) definition which includes:

• The following human body fluids: semen, vaginal secretions, cerebrospinal fluid, synovial
fluid, pleural fluid, perieardial fluid, peritoneal fluid, amniotic fluid, saliva in dental
procedures, any body fluid that is visibly contaminated with blood, and all body fluids in

.... situations where it is difficult or impossible to differentiate between body fluids
• Any unfixed tissue or organ (other than intact skin) from a human (living or dead)
• HIV-containing cell or tissue cultures, organ cultures

http ://vcww4.jse.nasa.gov/safety/SafetyHandbookVerH/Part4/Chapter404.htm 3/22/99
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a. Disinfect all work surfaces with and appropriate biocide at the end of each work shift or whenthey are contaminated.

b. Replace protective coverings such as foil or plastic wrap used to protect equipment at the endof the work shift or when they become contaminated.

c. Disinfect all waste containers labeled biohazard on a regular schedule and clean them whenthey are visibly contaminated.

d. Don't pick up broken glassware with your hands. Use tongs or a brush and dustpan. Dispose
of broken glassware in a puncture-proof biohazard container so it won't injure other workers.

e. Place all specimens in a closeable, leakproof container and label the container before storingor transporting.

f. Use a secondary container if the first is likely to be damaged.

11. What disposal precautions must I observe?

Disposal is an important part of protecting others so observe these requirements:

a. Place all infectious waste in closeable, leakproof containers that are color-coded or labeleddescribed in Paragraph 12 below, as
b. Keep infectious waste separate from other waste.
c. Wear protective gloves when handling infectious waste.

d. Make sure that infectious waste is picked up and transported by trained personnel only and
that it is disposed of in a biological incinerator. In emergencies, first responders may take
properly bagged waste to the JSC Clinic for disposal during working hours.

e. Minimize handling laundry that is contaminated. Bag it at the site in a properly labeled
container and take it to a laundry for cleaning.

12. What labeling requirements are used for blood and body fluids?

Labels must be fluorescent orange or orange-red and include the word BIOHAZARD and the
biohazard symbol in a contrasting color. Place this warning sign on all containers of infectious
waste, and on refrigerators or freezers that contain infectious materials. You may use red bags orcontainers in place of labels for containers of infectious waste.

13. What protective clothing and equinment must I use when working withblood and potentially infectious materials?

You must wear the following protective equipment:

a. Latex gloves

b. Lab coat or apron and eye and face protection if splashing or spraying is possible

14. May I get a Hepatitis B virus vaccination?

The JSC Clinic provides HBV vaccine to all on-site contractor and civil service employees in the
job classifications listed m the exposure control plan for your area. The Occupational Health
Officer must concur before you get the vaccine. This vaccine must be offered to you at no cost
within 10 working days of being assigned duties that could expose you to blood or other

potentially infectious materials. You may decline this vaccine when it is offered by signing a
declination form. (See Attachment 404A in Appendix 4A.) If you later change your mind, youcan still get the vaccine from the JSC Clinic.

15. What training must I have to work safely with blood and body fluids?
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BSC- Biosafety Cabinet

7. When must I have a written exposure control plan?

Any organization or company whose employees may be exposed to blood and "other potentially
infectious materials" must have a written exposure control plan that is tailored to the work area
and designed to minimize worker exposure. The plan must contain the items hsted in 29 CFR
1910.1030(c). This exposure control plan will include but is not limited to:

a. Exposure determination and hazard analysis, which describe the occupation and tasks with
exposure.

b. Methods to comply with applicable requirements.
c. Communicating hazards to exposed employees.
d. Recordkc_'ping.

e. The procedures to follow after an exposure to blood or other infectious materials.
f. Hepatitis B vaccination option

You must update the written exposure control plan yearly.

8. What precautions must I observe when I work with blood or other
potentially infectious materials?

If you work with any blood or body fluids listed above, you must observe these "UniversalPrecautions":

a. Treat all blood and body fluids as infectious. Urine, feces,saliva, and vomit are not considered
a potentially infectious material unless they are visibly contaminated with blood.

b. Always wear appropriate personal protective equipment (PPE) such as gloves, lab coats or
aprons, and eye or face shields for the task at hand.

c. Wash your hands with biocidal soap immediately after removing your PPE or coming in
contact with blood or body fluids.

d. Remove all PPE before leaving the work area and place in the appropriate container for
storage, decontamination, or disposal.

e. Don't eat, drink, smoke, apply cosmetics or handle contact lenses in the work area.
f. Don't store food and drink in refrigerators or freezers where blood or other infectious

materials are stored.

g. Minimize splashing and spraying blood or other infectious materials while handling them,
while cleaning equipment, or during any other clean-up procedure.

h. Don't pipet or suction with your mouth.

i. Make sure all ventilation hoods and biological safety cabinets are inspected at least every year.

9. What precautions must I observe when using needles?

If you use needles with blood or other infeetious materials, observe these precautions:

a. Don't shear, bend or break used needles.
b. Don't recap or resheath by hand.
e. Don't remove used needles from disposable syringes.
d. Dispose of used needles in an approved biohazard container.

..... 10. What housekeeping precautions must I observe?

Housekeeping is an important part of your protection so observe these requirements:
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• H/V- or H33V-containmg culture medium or other solutions

• Blood,organs,orothertissuesfromexperimentalanimalsinfectedwithHYV orHBV.

4.What OSHA requirementsapplytobloodbornepathogens?

Ifyourjobdescriptionincludespossibleexposuretobloodor"otherpotentiallyinfectious
materials,"youmustfollowtheOSHA 29CFR 1910.1030,"BloodbomePathogens."

5.Who determinesifIwork inajobthatexposesme tobiohazardsor
bloodbornepathogens?

JSC MedicalScienceshasaBiosafetyControlBoardthatevaluatestheuseofanynew potentialbtohazardousorpathogenicmaterials.

The OccupationalHealthOfficeevaluatesallareaswherecivilserviceorcontractworkerscould
beexposedtobloodbornepathogens.Yourmanagementmusthelpinevaluatingtheseareas.

6.What arethebiosafetylevelsand whatprecautionsmustItakeforeach?

You mustclassifyallbiohazardsorbiologicalmaterialsasBiohazard1,23,or4.You mustalso
followthercquiremcntsinthetablebelowforthebiosafctylevelthatmatchesthebiohazard

classificationwhen workingwithanybiohazardousmaterialinalaboratoryorclinicalsetting.

_io-safety Involves these Follow these Use this safety Use theseJaeilitie._
level.., agents.., practices.., equipment (primary (secondary

barriers).., barriers)...
1 Not known to cause Stanfl_rd None required Dpen bench top sink -

:Rsease in healthy adults m;c-"o-biolo_c_] pmc_ccs rcquire_
2 _ssocmted with buma_ BSL-] pracUce plus: _ClassI or U BSCs or other BSL- I plus:

tiscase, hazard = physical containment

auto-inoculation, Limitedaccess; devicesusedfor Autoclaveavailable
Ingestion,mucous 3iohaz-ardwarning manipulatinganyagentsthat
membrane exposure signs;"sharps" causesplashesoraerosolsof

)recaufions; biosafety infectious materials
manualdefiningany

needed waste !PPE: laboratory coats;
_lecon-mmination or gloves; face protection as
_edicai surveillance needed
mlicies

3 tndlgenousorexo_c BSL-2 practlccplus: t3_.sIorilBSCs orother BSL-2plus:
agentswithpotentialfor _bysicalcontain-ment

aerosoltransmission; Controlledaccess; devicesusedfor )hysicalseparation
diseasemay have decontaminateallwaste; nanipulatinganyagents fromaccesscorridors;_eriousorlethal :lecontammatelab

self-closing,
consequences _lothing before PPE: protective lab clothing; double-door access;

aundering; baseline gloves; respira-tory _xhausted air not
serum ,rotection as needed _circulate_4; negative

airflow into lab
4 Dan_uttS orexoUc B_L-3 practiceplus: =n_1,ctallproceduresm BSL-3 plus:

agentswhichposehigh L'lassHIBSCs orClassIor

5.skoflife-threateningChangeclothingbefore ItBSCs withfull-body, Separatebuildingor
hsease, :ntering;showeron exit;mr-supplied, " isolatedzone;

aerosol-Wmls-mittedlab decontaminateall positive-pressurepersonnel dedi-catedsupplyandinfections; or related material when exiRug suit
agents with unknown facility _xhaust,vacuum, and
riskofWansmission leconsystems;other

"equirementsoutlined in
the tPet

BSL- Biosafety Level
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You must be trained within 10 working days of being assigned duties that could expose you to
blood or other potentially infectious materials and yearly thereafter to handle blood and body
fluids listed in the "Universal Precautions" of the Center for Disease Control and Prevention
safely. Your training must include:

a. A copy of 29 CFR 1910.1030 and an explanation ofits contents.
b. A general explanation of the epidemiology, symptoms, and modes of trausmission ofbloodbome diseases.

c. An explanation ofliow to recognize activities that may involve exposure to blood and other
potentially infectious material.

d. An explanation of the use and limitations of practices that will prevent or reduce exposure,
including appropriate engineering controls, work practices, and PPE.

e. Information on the types, selection, proper use, location, removal, handling, decontamination
or disposal of PPE.

f. Information on the HBV vaccine, including information on its effectiveness, safety, the
benefits of being vaccinated, and that the vaccination will be offered to you free of charge.

g. Information on the appropriate actions to take and persons to contact if you or someone else
are exposed to blood or body fluids.

h. An explanation of the procedure to follow if an exposure incident occurs, including how to
report the incident and the medical follow-up that will occur.

i. Information on the post-exposure evaluation and follow-up that will be provided for you afteran exposure incident.

j. An explanation of the signs, labels, and color-coding system.

k. An opportunity to ask questions of the person conducting the training session. Training is
available through the Occupational Health Office.

1. Information on the Center for Disease Control Prevention's Communicable Hotline
(1-800-342-2437) to receive personal, confidential, and rehable information.

See chapter 108, "Safety and health training," of this handbook for more information on training.

16. What must I do if I'm exposed to blood or other infectious materials?

If you are exposed to blood or body fluids, get medical treatment immediately. You have a
two-hour window of opportunity to start treatment. If you are treated at an outside medical
facility, go to your site Clinic as soon as possible for a follow-up visit. Follow the table below:

tj _ne exposure is... iThen . . .

Anemergencywhereyouneedan • Callx33333atJSCandtheSonnyCarterTrainingFacility,
ambulance x444_ atEllmgtonField,911 at anyoff-sitelocation,orx5911

at WhiteSandsTestFacility.

1"othe eye,mouth,othermucous • Floodthearea withwaterfor15-20minutesor wash with soap.membraneor non-intactskin

• Goto theJSCClinicor emergencyroomffthe Clinicis closed
forpost-exposurefollow-up.

[Tointactskin "Immediatelyandthoroughlywashtheaffectedareawith
biocichalsoap.

' Go to the JSC Clinic or emergency room ffthe Clinic is closed
['orposbexposure follow-up.

:[7. What will the clinic do?

For JSC employees, the JSC Clinic will provide a confidential medical evaluation to you if youhave been exposed and will:
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a. Document the:

" Route(s) of exposure.

• HBV and HIV antibody status of the source individual, if known.
• The circumstances under which the exposure occurred.
• Any "first aid" or "prophylactic" measures that you received.

b. Collectandtestthesourceindividual'sbloodtodeterminethepresenceofHIV orHBV
infection,ifthesourceindividualcanbeidentified,andpermissiongiven.You willbc
informedofapplicablelawsandregulationsaboutdisclosingtheidentityandinfectiousstatusofthesourceindividual.

c. CollectbloodfromyouassoonaspossibleaftertheexposureincidenttodetermineyourHBV, HepatitisC,andHIV antibodystatus.
d.Follow-upon you,includingthefollowing:

• Antibodyorantigentesting
• Counseling
• Evaluation of reported illnesses

• Safe and effective post-exposure treatment under standard recommendations for medicalpractice

18. What medical records does JSC keep?

a. The JSC Clinic keeps all medical exposure records for the duration of your employment plus30 years.

b. These medical records are available to you and anyone with your written consent.
c. You must file an injury report (JSC Form 340) for any exposure. The Safety Office will send acopy to your supervisor or company.

19. Where can I get more information on biohazards and bloodbornepathogens?

You canfindmoreinformationonbloodbomepathogensinthesedocumentsorcontacttheJSCClinic:

a. 29 CFR 1910.1030

b. "Universal Precautions" guidelines from the Center for Disease Control and Prevention
c. "Bio Safety in Microbiological and Bio medical Laboratories," published by the Center for

Disease Control and Prevention and the National Institute of Health

20. Who else has responsibilities for bioodborne pathogen safety?
As a supervisor, you must:

a, Controlallexposurestobloodbomepathogensthroughawrittenexposurecontrolplandesignedtominimizeworkerexposure.

b. Make sureyouremployeesfollowtherequirementsofthischapterandyourexposurecontrolplan.

c. Make sureyouremployeesaretrainedinprotectingthemselvesfrombloodbornepathogens.d.ProvideadequatePPE.

b. OffertoallemployeestheHepatitisB vaccinationandtrainingwithin10workingdaysof
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beingassignedtoajobinwhichtheycouldbecxpose,d.
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