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( 1. INTRODUCTION

The SAIL non-avionics math models are required to support verification of the
Ascent Ops 1 Avionics Configuration, On-Orbit Ops 2 Avionics Configuration,
Entry Ops 3 Configuration, and the Backup Flight System, The non-avionics

This document defines non-avionic math mode) requirements for the STS and GTS
that support GN&C tests, as well as the following‘GPc software functions:
namely, Systems Management (SM), Fault Detection and Annunciation (FDA),

Switch Scan, and Special Processing.

1-1
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YABLE I. — NON-AVIONICS MATH MODEL APPLICATIONS

it i ——

PRIMARY
MATH MODEL IMPLEMENTATION
EQUIRENT | ASCENT | ovoReIT | Bwrmr |

GNC SM GNC SM
APU/
HYDRAULICS STS/GTS v v Y v v v
VENT DOORS GTS v Y v v
UMBILICAL DOORS GTS v : s
¢T SEP PYROS GTS v 7/
MPS PLUMBING STS/GTS v v
FUEL CELL/CRYO STS/GTS v v/
ATMOS REVITALIZATION/H20 STS/GTS v v/
ATMOS REVITALIZATION/PCSﬁ STS/GTS v Y
AIRLOCK
ACTIVE THERMAL CONTROL STS/GTS v 7/
SMOKE DETECTION SYSTEM STS/GTS v 7/
WATER/WASTE MGMT STS/GTS v v
RCS/OMS (DFI) STS/GTS v Z
SWITCH 6TS Y v/
RECORDER GTS v

et i,

ke
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2. PURPOSE

The purpose of this report is to provide a single source document for
consistently controlling approved changes to the non-avionics math models.
When changes are approved, change pages will be released and a change status
page will accompany each change release. The change status page should be
inporporated behind the signature page and will provide a history of all

changes to this JSC report. The form of this change sheet is provided at
the front of this document.
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3. TEST STATION SIMULATOR CONFIGURATIONS

The purpose of this section is to describe the functional similarities and
differences between the STS and the GTS simulators in order to give a basis

for the statement of STS non-avionics math model requirements and GTS non-
avionics math model requirements. The simulators are describer only to the
level of detail necessary to delineate the non-avionics math model requirements
and are not considered definitive with respect to the detafls of actual
simulator hardware implementations or modifications.

In the sections and appendices that follow, the non-avionics simulator for
STS is referred to as STS NAS, the non-avionics simulator for GTS is referred
to as GTS NAS, and a reference to both the STS and GTS simulators is referred

to as NAS.

] Figure 1 shows the major interfaces with the non-avionics simulator. Path

) A is used for bidirectional communication between the NAS and the GPC through
payload MDM's. Path R is used by NAS for transmission of output measurements
to the PCM master unit via 0/I and DFI MOM's. Path C denotes bidirectional
data tiansmission via flight critical MOM's. Bidirectional communication
with the MMES is accomplished by Path D. Output to the GN&C simulator is
accomplished by Path E. Path F interfaces mechanical hardware with the
simulator. Path G interfaces‘the Flight Recorder output with the simulater.

doticc from ficure 1 that while STS uses all the interfaces A thru
G, GTS uses paths A, B, C and E.

" 3-1
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The table of figure 1 shows tie similarities and differences between STS and
GTS. For example, the vent doors, umbilical doors, ET separation pyros,

and the recorder are simulated in STS by the use of mechanical hardware on
intervace paths F and G where as tihe lack of this hardware in GTS necessitates
the requirement for math models to accomplish these functions. Therefore, the
vents doors, umbilical doors, ET separaticn pyros and the recorder matn mo-

dels reside only in GTS.

The math models shown in the table on figure 1 reside in the STS and GTS non-
avionic simulators (NAS) with the exception nated above.

The MPS is the only math model which has interfaces with other simulators.
The MPS communicates with the MMES and the GN&C simulators.

Interfaces exist between some of the non-avionics math models within the NAS.
The FC/CRYQ generates output measurements which are required as inputs to the
AR/PCS. The AR/PCS in turn generates output measurements which are required

as inputs to the W/WMS. Therefore, in order to run the W/WMS model, the AR/PCS
model is required to be un also. Similarly, in order to run the AR/PCS model,
the FC/CRYQO model is required to be run also. A1l other models may be executed
independently.

Where the same model appears in the STS and the GTS, the flowcharts logic is
the same with the exception of t.e MPS model. See Section 2.1.4 of appen-
dix E. Differences in tie test stations however necessitate front end pro-
cessing for the GTS stimuli to obtain inputs to tne model logic that are

the same. This front end processing is accomplished by vehicle hardware in
the STS.

The STS and GTS non-avionic models cycle once a second, in a serial manner,

exanmining input stimuli and adjusting output measurements as defined hy the

flowchart logic. Timers in some of the models increment or decrement by one
each cycle, or approximately one per second.

3-3
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3.1 STS_CONFIGURATION

The STS is a more complete test facility in terms of flight hardware. Al
cockpit switches along with LCA/PCA circuitry are available in the STS. For
this reason the STS non-avionics math models form the basis for the GTS
models. Within STS, only subsystem hardware such as pumps, heaters and valves
are required to be simulated. This is due to the fact that, within STS, mult-
{ple MML's are channeled through LCA and PCA circuitry to produce single
subsystem inputs, where as in GTS the LCA and PCA circuitry is not available.

Mechanical hardware and simulators for vent doors, umbilical doors, ET separation
pyros and recorder are available in STS.

3.1.1 INPUT STIMULI IDENTIFICATION

The stimuli identification for those stimuli in the STS which have their
sources at the flight system are coded in terms of reference Avionics Test
Article (ATA) interface connector and pin number according to the following
format.

The stimuli identification numbers used are coded to provide the following
information at the SAIL flight cable/GSE/C70-1140 cable set interface.

|

40 PXXX - X

[___—_ PIN NUMBER (FLIGHT CABLE)

CONNECTOR NUMBER (P FOLLOWED BY 3 or 4 NIGITS)
AREA DESIGNATOR
STIMULI DESIGNATOR

Those stimuli which are uplinked to the model from the operator station are
given unique alphanumeric variable names. The model output parameters whose
destinations are the flight system are identified by their Master Measurement
List numbers.
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3.1.2 ANALOG MEASUREMENTS

Values shown in the mati model flowciharts are in model counts outside the
boxes and flight system engineering units inside the boxes for all analog ‘
measurenents. The math model values are seen by the flight system as 0 to
5 VDC inputs. The flight sysfem taen converts tihese input voltages to en-
gineering units using one of the two types of scaling discussed in the fol-
The math model count values (or the count values
by the test operator) must consider the scaling computation done later by
the fliaht software, so that correct fliaht system encineering unit values
are obtained for fault detection and annunciaiton (FDA), and for cockpit
disnlays. The following paragraphs describe the scalina equations which

lowing paragraphs.

apply to the models.

Sectint 3.1.2.1 describes the scaling equation for

measurements which require the polynomial conversion method. Section 3.1.2.2
describes the scaling equation for measuremenis which require the
limit conversion method which was used on STS-1.

3.1.2.1 Polynomial

Conversion Method

The scaling polynomial equation used by the flight system is define¢ in the
SM FSSR. SD 76-SH-0027F. See Section 5, item 19. The general forwu of tne

equation is given as follows:

FSey = Ro * A

where: FSEU

X

A0~ A]’ sz A3

2 3
X + AZX + A3X

flight system engineering units

flight system input voltage
scaling polynomial coefficients

The following example shows the step by step procedure for converting analog
measurements from flignt system engineeringunits (FSEU) to model counts..
This procedure may be used to calculate model count values for fault insertion.

Exampie:
For measurement no.

V63R1100A, convert FSEU value =

3-5

2288 to model counts.
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Step 1:

In the SM FSSR, look up the measurement no. (V63R1100A) within the “SMM Data
Requirements - Subsystems Displays” table. The measurement no. will appear
on two consecutive pages as follows: page A will show engineering units,
range low value and range high value, while page B will show the scaling
polynomial coefficients (labelled Ao, A], Az, A3) followed by curve order,
independent variable, and STS flight no. The values on page B will be of

prime interest to do this example conversion, and will be referred to in the
following discussion.

Step 2:
The coefficients will be used in the scaling polynomial:
- 2 3
FSEU A0 + A]x + Azx + A3x
Solve the following scaling polynomial for X:

2288 = 443.167 + 851.956X - 143.904X° + 12.246x3
i so X = 3.846469 :
Step 3:

Notice the independent variable column labelled IND VR equals 2 for measurement
~ no. V63R1100A. The 2 specifies that the independent variable X of the scaling
pelynomial is defined on a range of 0 to 5 VDC. So X = 3.846 vDC.

: It is of interest to note that if IND VR had been equal to 0, X would have
been defined on a range of 0 to 1023 PCM integer counts in which case X wouid
be equal to 4 PCM counts, i.e. 3.846 rounded to the nearest integer.

However, in the example being worked, X is defined as VDC and X = 3.846 voC.

Step 4:
Now to convert X VDC to model counts, evaluate the following equation which
; shows the relationship between X and model counts:

model counts = [X [1023 )|, rounded to the nearest integer
: K

where K = 5, for X defined as VOC (IND VR = 2) and
K = 500, for X defined as PCM counts (IND VR = 0).




—,

For the example, evaluate:

model counts = [3.846 (1023)] , rounded to the nearest integer

Therefore, model counts = 787 counts.

Note that since model counts are always rounded to the nearest integer, smail
changes will possibly occur in the values of X and consequently FSEU’ when
the reverse calculations are made during test operations, as the following
shows:

><
1}

model counts K
1023

787 X [ 5
()

SO X = 3.846529

>
n

And
FSgy = 443.167 + 851.956X - 143.904X2 + 12.246X°
FSgy = 843.167 + 851.956(3.848) - 143.904(3.848)° + 12.246 (3.848)3
FSg, = 2288.017

Hence when 787 model counts is inserted for: measurement no. V63R1100A, a
value of 2288.017 FSEU will result.

3.1.2.2 Range Limit Conversion Method

Several analog measurements in the models are calculated according to the
range limit conversion method, instead of the polynomial conversion methnd
as described in the previous section of this document. The form of the
scaling equation for these cases is given as follows:

FSey = Low + ModelCTS (High-Low)
023
where: FSEU = flight system engineering units
ModelCTS = math wodel count values
Low = Range low iimit
High = Range higr timit

3-7




The measurement which use this method with an asterisk (*) in the Output
Measurement List designated as Table 2 in Section 4.2 of each appendix which
follows.

3.2 GTS_CONFIGURATION

The GTS is not as complete a test facility as STS in terms of flight hardware
availability. Only the related cockpit switches from the Commander station
at the left side of the cockpit are available to GIS. A1l other switches
must be simulated by operator entries at the NAS keyboard. The LCA/PCA
circuitry which occurs between the cockpit switches and subsystems is not
available in GTS, therefore GTS pre-processor logic is required prior of the
model in order to accomplish the function. Models which apply only to GTS
contain the GTS pre-processor logic implicitly within the model. However,
for models adapted from STS to GTS, the GIS pre-processor logic is called out
explicitly prior to the model flow diagram.

In GTS, additional.models are required where mechanical hardware and simulators
are not available. This is the case for vent door, umbilical doors, ET
separation pyros, and the recorder.

The GTS MAS will adjust the math model analog output values, based on the
latest calibration coefficients defined in the Space Shuttle OFT Level C SM
FSSR, SD 76-SH-0027F so that once the GPC makes its calibration calculations,
the resulting flignt system values are the same as those specified inside the
boxes of the logic flow diagrams in these requirements.

GTS models do not respond to EPD & C bus failures as in the STS. BUS states

are not monitored and failure simulations must be handled by the operator at
the NAS keyboard.

3-3
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4. MATH MODEL DESIGN

4.1 DESIGN GROUNDRULES

The purpose of the NAS math models is to provide the responses to flight

system commands such that flight software and hardware components can be

tested. The purpose is not to test the performance of the system being

simulated, but rather the system's external interfaces. The exact charact-

eristics of the system are not simulated in the model. For example, the

output values are static until the system configuration changes, and the

transients that occur with configuration changes are not reflected in the

model outputs, e.qg. pressure build-ups and decays associated with pressur- §
ization or venting, and temperature ramps associated with system heating or |
cooling.

—
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In preparing the requirements for the non-avionic system math models, the
following ground rules were observed:

Output all measurements addressed to flight critical MDM's.
Qutput those measurements used in dedicated displays, systems management,
or caution and warning.

o Output those measurements needed for operation by other systems.

e Output those measurements needed during pre-launch operations, starting
at T-20 minutes.

e Respond to stimuli inputs in a discrete manner (no timed transients
simulating pressure or temperature build-up and decay, for example).

e Do not account for depletion of expendables during a mission.

These ground rules are intended to simplify the math models without comprom-
ising the avionics testing in SAIL. Where required, specific ground rules
may be waived.

H
1
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4.2 CHANNELIZATION

The output values are unique, as much as possible, to permmit channelization
checks where the outputs are followed through the flight circuitry to the GPC,
CRT displays, and out the telemetry link to ground recording. The actual
system output values would probably have negligible differences for similar
measurements, such as the temperature values for cryo tanks 1, 2 and 3.

4.3 FAULT INSERTION

Data values for out of limits conditions may be entered through the operators
console when required for testing system maragement 1imits or caution and
warning alarms. Any value may be entered within the transducer range of the
measurement.




L (%3] ~nN
. . L)

wn
.

O
.

10.
1.
12.
13.
14,
15,
16.
17.
18.
19.

20.

21.
22.

5. APPLICABLE DOCUMENTS
LA-B-10100-1/JSC-11174, Space Shuttle Systems Handbook OV-102
LEC-9510, Orbiter 102 Simulation Requirements for SMFS/APU-HYD
LEC-6992 Rev. A, Space Shuttle APU Controller Study
LEC-Memo #77-2109-055, GSIU Math Mode] Requirements for APU/HYD
VS70-580102, Hydraulic Control Subsystem Schematic
V570-460102, Auxiliary Power Unit Schematic
VL70-000137G, Hydraulic Subsystem, Orbiter MCR1750 Baseline Schematic

ICD-3-1603-5, Flight Test System to SAIL Elements/Facility
Non-Avionics Interface Control Document

GMCTS-02 - GNCTS Crew Station to GTS ICD

GNCTS-06 - GTS Non-Avionics Simulator ICD, dated 8/2/78

LEC Memo no. 78-GNC-254, NAS Functional Logic by N. Bauer, 8/18/78
LEC Memo no. 78-GNC-260, NAS CRT Formats by N. Bauer, 8/30/78
V§70-415001, Main Propulsion System Schematic

382-240-CDM/76-062, Rockwell Preliminary Requirements
382-247-CDM/76-064 , Preliminary Requirements Update

LEC-7827, MPS Simulation Requirementd

V$70-450102, Schematic Diagram - Fuel Cells

VS70-450202, Schematic Diagram - Cryo Subsystem

SD76-SH-0027F, Functional Subsystem Software Requirements (Level (),
16 June 1980

SD72-SH-0104-1, System Definition Manual, paragraph 5.0, Fuel Cell/
Cryogenic System

LEC-9485, Orbiter 102 Subsystem Simulation Requirements -

V$70-610102, 5/20/77, Schematic Diagram Atmospheric Revitalization
Subsystem




3
i
4
=
4

23,

24,
25,
26.
27.
28.
29,
30.
3.
32.
3.

34,

VS70-610202, Schematic Diagram-Atmosphere Revitalization/Pressure
Control System ,

. LEC Memo #77-2109-060, GSIU Math Mode! Requirements

Shuttle Operational Data Book, Section 4.6, ECLSS

V$70-630102, Schematic Diagram - Active Thernﬁl Control System
V570-620102, Smoke Detection Schematic

LEC-9361, Smoke Detection Subsystem Simulation Software Specification
Potable Water Storage 0V-102 Space Shuttle Dwg. 6.4 (6-15-77)

Waste Management 0v-102 Space Shuttle Dwg. 6.5 (6-1-77)

Schematic Diagram Waste Mgm‘t Subsystem Dwg. VS$70-620202 (8-24-77)
Schematic Diagram Water Mgm't Subsystem Dwg. V$70-620302 (7-26-77)

Rockwell Internal Letter No. 382-460-JTK-78-012 subject; Justification
for Adding DF1 MOM (DC02) to SAIL in Support of Mission Profile Tests

Backup Flight System Management/Special Processes and Sequencing Program
Requirements Document, PP. 9, 20 & 128, document number MG038103 Rev. B,
dated 9/21/79, by Rockwell International Space Division
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APU/HYD
AR/H20
AR/PCS

ATA
ATCS
BFS
CMDS
cp
CRT
CTs
DCM
DF1
ECLSS
EPR
ET SEP PYRO
Eu
FC/CRYO
FDA
FS
FSSR
GN&C
GND
GPC
G'E
GTS
HDT
IC
JSC
KYBD
LCA
LCG
LoT

*6.' ACRONYM LIST

Auxiliary Power ‘nit/Hydraulics
Atmosphere Revitalization/Water Loops

‘Atmbsphere Revitalization/Pressurization Control

System-Airlock.

Avipniﬁs Test Article

Active Thermal Control System

Back-up Flight System

Comminds

Connector-pin number

Cathode Ray Tube j
Coun* ; |
Dispiay and Control Module

Development Flight Instrumentation
Environmental Control and Life Support System
Engine Prevalve Routine

External Tank/Orbiter Forward Separation Pyro
Engineering Units

Fuel Cell/Cryogenic

Fault Detection and Annunciation

Flight System

Functional Subsystem Software Requirements
Guidance, Navigation and Control

Ground

General Purpose Computer

Ground Support Equipmentl

GN&C Test Station

LH2 Dump Time

Initial Condition

Lyndon B. Johnson Space Center

Keyboard

Load Control Assembly

Liquid Cooling Garmet

LO2 Dump Time




LVR
MOM
MEC
MMES

MP<
NAS
NCVR
NOVR
OFT
0/1
PCA
PCM
PCMMU
PYLD
RCOR
RCS/0MS
ROS
SAIL
SDS
SM
STS
STS-2
ums
voC
VDS
W/WMS

Latching valve Routzne
Multiplexer/Demultiplexer

Mission Events Controller

Marshall Mated Element Sys tem

Master Measurement List

Main Propulsion System

Non-Avionics Simulator

Normally Closed Valve Routine

Normally Open Valve Routine

Orbital Flight Test

Operational Instrumentation

Power Control Assembly

Pulse Code Modulation

PCM Master Unit

Payload

Recorder

Reaction Control System/Orbiter Maneuvering System
RCS/OMS Simulator

Shuttle Avionics Intearation Laboratory
Smoke Detection System

Systems Management

Shuttle Test Station

Space Transportation System Flight No. 2
Umbilical

Volts, Direct Current

Vehicle Dynamics Simulator

Water/laste Management System




APPENDIX A
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1. [INTRODUCTION

This model simulates those functions of the Auxiliary Power Unit (APU) and
the Hydraulics (HYD) subsystems that are in the Orbiter. To simplify the
model, only those subsystem functions needed to support testing of the Shuttle

avionics system are provided.

.
¥
=

Internal to the model is considerable “"cross-talk" between the APU and the
HYD areas. An attempt was made to keep these two areas separate for modular
simplicity. The "cross-talk" involved here is transparent to the user and

requires no special conditioning.
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2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli 1isted
in table 1 to produce values for the output measurements listed in table 2
that simulate the operation of the APU/HYD subsystem.

2.1 MATH MODEL DESCRIPTION
2.1.1 APU SUBSYSTEM

The APU subsystem consists of three APU packages providing the mechanical
power necessary to drive the main hydraulic pumps. Inputs from the flight
system (FS) drive the model to simulate a dedicated control unit for each
APU, which will maintain the selected speed and, in the event of the limiting
conditions being exceeded, will automatically shut the unit down. Override
control is provided by a crew switch. The APU turbine drives the gearbox
which in turn drives the main hydraulic pump. Figure 1 is a functiona}
diagram of the APU system.

2.1.2 HYD SUBSYSTEM

The hydraulic pump is driven by the APU, and the speed is dependent upon
whether input stimuli is selected to Normal or High speed mode. Hydraulic
power is supplied to aerosurface controls (elevons, rudder, body flap, and
speedbrake), landing gear, wheel brakes, and nosewheel steering. Figure 2
is a functional diagram of the HYD system.

Hydraulic fluid must be cooled during main pump operation; and, therefore,
the model simulates a water boiler which removes heat from the system fluid.

When the APU's are shut down (idle), a circulation pump maintains fluid
circulation to prevent freezing.




R

e o Lyt bibib

prain | !
. " |

. .

N.O.PRIMARY

LUBE OIL

HYDRAULIC S
WATER BOILE
@ LUBE OIL
: HEATER
LLER[w =T B St TS a5 . LUBE OIL
j......................—...l " PUMP

l"




VEnTY
H20 BOILER . & )
' PRESS i I HEATER
XDER =
I . : , 4 T0 ECLSS !
‘ ACCUNULATOR \J ' r:z_sg_n_gus%

f

r-l—------ jevamae

| WISt
LUBEYy ¢ RESERVOIRE) P 1 |vave .
o1t b JE, i W, PRESS
g8 e fvauve ¢ ; | ' Pl
2 .
i)

. L .
. .‘.ﬂ." | ) ) S PRESSURE
| oY - g o e (P) '

y * NOOULE

CIRC PuUNP

Figure 2 - Hydraulic Systea (typical for systems 1, 2, and 3),

A-4 e

— -y -— - . L L oAl




A reservoir and nitrogen pressurized accumulator are also a part of the system,
and the model simulates these I/0 parameters also.

The hydraulic subsystem incorporates functional redundancy. This redundancy
is obtained by switching valves which provide the capability for any one cf
the subsystems connected to the switching valves to supply the function in
the event of failure of the other connected subsystems.

2.1.3 UNIQUE REQUIREMENTS

There exists a requirement for some measurements within the model to reflect
a nominal, Hi/Low, and off condition. The condition is determined by (a) the
system running normally, (b) the system being idle, but the circulation pumps
running, and (c) all functions in an off mode. There is also the requirement
for the model to be capable of functioning in a triple-redundant mode.

In order to best show these requirements, the following criteria were set up
and are used throughout this document.
1. i=1,2,3
Where (i) represents the system; APU1, APUZ, or APU3, respectively.
2. a=i+3,y=1-1
These relationships were established for simplicity and ease of
representing logic flow diagrams within this requirements package.
3. K=1,2,3
Where (K) represents the condition existing for the system, i.e.:

1 = Nominal
2 = Circulation Pumps On
3 = Idle Mode

The value K is then used to find the correct measurement value needed to
reflect the proper conditions. These measurement vzlues will be found
in table 2 entitled, "Measurement Output from APU/HYD Model".




NOTE: The flow diagrams refer to the value tables in the following
manner:

MEAS. = Value (K)
Where MEAS. is the output measurement.

VALUE is one of three possible values for that particular MEAS.
(K) is a pointer that shows which of the three values is applied.
EXAMPLE: V58T0101A = VALUE (2) = 40°F

4. TURBINE SPEED (V46ROi35A)>0 = APU i RUN MODE
TURBINE SPEED (V46ROi35A)<0 = APU 1 IDLE MODE

2.1.4 APU TURBINE OVERSPEED OR UNDERSPEED CONDITIONS

APU turbine overspeed or underspeed is a common test condition. To simplify
the simulation of APU turbine overspeed or underspeed, the model incorporates
a set of six pseudos that are controllable by the test operator. These
pseudos automatically produce the appropriate changes in output measurements
when the test operator sets the pseudo(s) to 1. The pseudos are listed in
table 1.

2.1.5 BFS MEASUREMENTS

The hydraulic measurements listed below are used by the Back-up Flight System
(BFS). The calculations required to convert these analog measurements from
FSEu to model counts is slightly different than the usual polynomial conver-
sion method discussed in the front document. The value for model counts is
multiplied by a factor of 64 in order to shift the least significant bit of
the counts from the low order bit (bit 24) of the Data Response Word to bit
18. See pp. 9, 20, and 128 of the "Backup Flight System Management/Special
Processes and Sequencing Program Requirements Document", document number
MG038103 Rev. B. dated 9/21/79, by Rockwell International Space Division for
information pertaining to this type of conversion. After multiplying the
model counts by 64, the polynomial conversion is employed with K = 500. See
Section 3.1.2.1 of the front document. The polynomial coefficients are
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shown on page 128 of the referenced BFS document. The measurements are:

V58T0830A
V58T0880A
V58T0930A
V58T0980A
V57T0014A
V57T0018A

2.1.6 INITIAL CONDITIONS

Note that initial conditions for STS are the same as those listed for GTS;
see GTS PREPROCESSOR LOGIC.

2.2 STS UNIQUE REQUIREMENTS -
2.2.1 APU HEATER THERMAL SWITCHES

Certain APU heaters are controlled by thermal switches in the APU controller.
For simplification of the APU math model, the operation of the thermal
switches and the cycling of heater temperatures are not simulated, but instead
the thermal switches are simulated closed and heater temperatures are a
function of heater power only. The control logic for the thermal switches
resides in the flight system Load Controller Assembly (LCA) hardware; there-
fore, the APU math model must send "thermal switch on" signals to the LCA.
The LCA then transmits a heater power signal to the APU math model whenever
the heate: power switch is "ON". Since the thermal switch signals to the LCA
from the math model do not have MML ID numbers, pseudo numbers have been
assigned, reference table 2.

2.3 GTS UNIQUE REQUIREMENTS
2.3.1 PREPROCESSOR LOGIC

The simplified GTS model is being replaced by the complete STS model. The
math model input stimuli symbols referred to in the logic flow diagram,
Section 3.2, are ATA Reference connector and pin numbers. ODue to the lack
of flight hardware circuitry in the GTS simulator, logic functions that
bridge the gap between the payload MDM's and the APU/HYD are required in a
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GTS preprocessor in order to evaluate values for the input stimuli coming
from the GPC prior to execution of the model.

2.3.2 APU HEATER THERMAL SWITCHES

The APU heater thermal switch outputs listed in table 2, reference pseudos
FP1A through GG3B, are required for STS only and do not apply to GTS.

2.3.3 HYDRAULIC SUPPLY PRESSURE

Hydraulic supply pressure B has two MML identifications, one for the value
sent to the GPC (V58P0115C), and another for the value sent to the PCM master
unit (V58P0115A). Both values are equal since they originate from the same
pressure transducer, but as the measurements leave the signal conditioner
they become two distinct measurements. In STS, the math model must supply
only one measurement because the signal conditioner is part of the flight
system being tested, and the signal conditioner will generate the duplicate
measurement. In GTS however, the math model must supply both measurements
because the signal conditioner is not present.
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3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

The basic input stimuli to the model are identified by ATA reference system
connector-pin (CP) numbers. A logical combination of one or more MML numbers
1s used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished via hardware circuitry. However,
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and ML must be effected by software. The following
logical equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML to be combined by

the logical product (AND) and the inclusive lbgical sum (OR). In these
instances, "AND" denotes the logical product and "OR" denotes the inclusive
logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. 1In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column Yists the input stimuli initialization values required.
Notice that inputs containing an entry for SOURCE do not have an initialization

value, since they are updated at the GTS simulator cycle rate by the source
connection. )
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GTS_MATH MODEL STIMULI - APU/HYD

MML_TO CONN-PIN CONVERSION LOGIC

*
SISTEM swz::u/m INITIALIZATION VALUES
APY

K54P106-) = V46KO097E 0
5P106-J = 98E 0
J 6P106-0 = B33 0
K50SP441 = 103 \
423 = 109t ‘
493 = 203¢ '
474 = .209E ‘
545 = 303¢ ‘
V 527 = 309t 1
k50P9909-A = N4E - 0
10-6 = 121 0
19-A = 214¢ 0
20-B = 221E 0
29.A = 314 0
v 30-B = 321E 0
K505P452 = 116¢ ]
457 = nre '
505 = 216€ '
510 = 217¢ )
566 = 316E ]
v 561 = 317E ]
K50P9911-8 = 118¢ 1
12-B = 119 ]
21-B = 218¢ !
22-B = 219E !
31-8 = 318t !
v  32-B = 319 ‘
K54P107-C = 124¢ 0
4P106-C = V' 144E 0

*UNLESS SPECIFIED, STIMUL! ARE TO BE ENTERED 8Y OPERATOR AT THE NAS KYBD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROG R.
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GTS_MATH MODEL STIMULI - APU/HYD

MML_TO CONN-PIN CONVERSION LOGIC

R TR T T e T e T T

SYSTEM SOURCE*
CONN-PIN MML 1D o CONN/PIN l'NlTlAUZATION VALUES
KS5P107-C = VA6MO224E 0
5P106-C = 244¢ 0
6P107-C - 324€ 0
6P106-C = 344¢ 0
4P106-R = 126€ 0
4P107-R - 146 0
4P106-S = 127¢ 0
V4apP107-§ = 147€ 0
KS5P106-R = 226€ 0
107-R - 246 0
106-S = | 227E 0
v 107-s =1 247 0
KSTP106-R -  376E 0
107-R = 346€ 0
106-S - 327¢ 0
! o7es - 347E 0
K54P106- - 129¢ 0
| o078 - 149¢ 0
KS5P106-f - 229€ 0
Vo7 - 249€ 0
K56P106-F - 329¢ 0
l, 107-€ = Y 349 0
HYD
K50PP1-F1 vaeko1a2y | proy J08/039
f OR 143y | pro2 | 008/039
2.1 = ys8K0242Y | prOl J08/051
oR 243y | pro2 | Jos/08)
3-E1 = vsek03a2y | PrOY J08/053
orR 343y | proz | 087053
[ ks0r9007-A - vsBKO195X | FAO) J08/104

b ct—— < - ——

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPCRATOR AT THE NAS KYBD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMIR,
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GVS_MATH MODEL STIMULI - APU/HYD

ML TO CONN-PIN CONVERSION LOGIC

SYSTEM SOURCE ™ '
COUN-PIN ML 10 o prem— INITIALIZATION VALUES
K50P9008-A = V58K0295X | FAc2 | Joe/104
{ o - { 3osx | Fao3 | g08/104
K50P9022-A = V58KO149E 0
25-A = 150€ 0
28-A = 249E 0
N-A = 250€ 0
H-A = 349€ 0’
3-A = 350€ 0
-4 = | 15 0
27-4 = 151€ 0
30-4 = 251€ 0
33-4 = 251€ 0
36-4 = 351E 0
Vv 39-4 = Y 351E 0
K50P9004-1 = V58KO171E 0
5.1 = | 02ne 0
6-1 = | o3ne 0
¢ = | 0191 0
8-C = | 0291E 0
4 9-C = | 039 0
K50P38-A = | 1134€ 0
B8-C = | nase 1
39-A = | 1234 ¥
39-C = | 123s€ 1
40-A = | 1334 0
40-C = Y 1335€ 1
9001-C =  * 1
9002-C = 1
¥ 9003-C 1

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBOD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected line., boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system enqincering
units (FSEU) while the corresponding model count value is listed ouiside the
box. For example, the box on the right hand below;

(1)
MODELCTS
; vispnooa = S16 440l vispiiooA= 66| 534
! Vd5T1H01A =~ 162[385]VesTIH01A= = 35 |44
‘ vdsTnoTA = - 1663 Q1| vdsTno1a= -107|35%
) WsTHo9A = -167[a83 |vdsT1103a= - 139|3Q1
vispttioA = S17] 4 |vdspnibA= _1s0)48 |

MODELCTS shown outside the box.

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
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4. TABLES

4.1 INPUT STIMULI LIST

Table 1 contains a list of all model input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.1

which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked “"SYSTEM CONN-PIN".
Yue final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

1. Both GND commands req'd to open valVé.

2. F1t. System CMDS to STS or GTS NAS.

3. Unique to GTS - stimulus from NAS Kybd to GPC.

4. GND commarids only - no onboard switch or GPC CMDS.
5. Will be entered at NAS Kybd for GTS.

6. Power connections are not identified by MML no.

7
8

’ Pseudo entered by operator at DCM or NAS Kybd.
Conn-pin designation uses same MML ID as line above.
9. Both switch commands req'd to open valve.
10. Both GPC commands req'd to open valve.
11. Stimulus provided by other model.
12. These commands are mutually exclusive.
| 13. Stimuli from MMES, for GTS NAS only.
| 14. Flioht System commands to STS NAS onlv.
% 15. Flight System commands to GTS NAS only.
|
! |
| .
:
L
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f 4.1.2 PSEUDO VARIABLE INITIALIZATION

The following pseudos are initialized as following:
- INITIAL

; VAIABLE CORDITION

l 0s1 0

F us1 0

- 052 0

A us2 0

f 0S3 0

Z us3 0
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3 TABLE 1 - STIMULI IN . APU/HYD PAGE 1 of 5
5

| oL NOHENCLATURE NOTES| ML ID. | AEM STATE

A12/57 TK/LN HTRS A SYS 1 5 | V46KCIO3E | K50SP441 1-ON/0-OFF

A12/S8 TK/LN HTRS B SYS 1 5 V46K0109E K50SP423 1-ON/O-OFF

A12/59 TK/LN HTRS A SYS 2 5 | vaekoz03 | Ks0sP493 1-ON/0-OFF

A12/S10 | TK/LN HTRS B SYS 2 5 | V46K0209E | K505P474 1-ON/0-OFF

A12/S1L | TK/AN HTRS A SYS 3 5 | V46KO303E | K50SP545 1-ON/0-OFF

AJ2/S12 TK/LN HTRS B SYS 3 5 V46K0309E K505P527 1-0ON/0-OFF

A12/54 LUBE OIL LINE HTRS - A AUTO SYS 1 5 | va6KOll6E | K505P452 1-ON/0-OFF

LUBE OIL LINE HTRS - B AUTO SYS 1 5 | VA6KOLIZE | K50SP457 1-ON/0-OFF

L |[mess LUBE OIL LINE HTRS - A AUTO SYS 2 5 | V46KO2I6E | K50SPS505 1-ON/0-OFF

LUBE OIL LINE HTRS - B AUTO SYS 2 5 | V46KO217E | K50SP510 1-ON/0-OFF

A12/56 LUBE OIL LINE HTRS - A AUTO SYS 3 5 | va6ko3l6E | K50P556 1-ON/0-OFF

LUBE OIL LINE HTRS - B AUTO SYS 3 5 | V46KO3IZE | K505P56L 1-ON/0-OFF

AL2/S1 GG/FU PMP HTRS - A AUTO SYS 1 5 | VA6KOLIBE | K50P9911-B | 1-ON/O-OFF

GG/FU PMP HTRS - B AUTO SYS 1 5 | ve6koll9E | KsOP9912-B | 1-ON/O-OFF

A12/52 GG/FU PMP HTRS - A AUTO SYS 2 5 | va6koz18E | Kk50p9921-8 | 1-ON/O-OFF

GG/FU PMP HTRS - B AUTO SYS 2 5 | V46KO219E | K50P9922-B | 1-ON/O-OFF

A12/53 GG/FU PMP HTRS - A AUTO SYS 3 5 | v46k0318E | K50P9931-B | 1-ON/O-OFF

GG/FU PMP HTRS - B AUTO SYS 3 5 | VA6KO3L9E | KSOP9932-8 | 1-ON/O-OFF
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TABLE 1 - STIMULI I

T FOR APU/HYD

PAGE 2 of S

ol NOMENCLATURE NoTES| L 1D. | SYSTER STATE
R2/$35 FUEL ISOL VLV A SYS 1 5 | V46KOIZIE | K50P9910-8 | 1-0PN/O-CLS
FUEL ISOL VLV B SYS 1 5 | vaekoriae | ksopogos-A | 1-oPwso-cLS
R2/536 FUEL ISOL VLV A SYS 2 5 V46K0221E K50P9920-B 1-0OPN/0-CLS
FUEL ISOL VLV B SYS 2 5 V46K0214E K50P9919-A 1-0PN/0O-CLS
R2/$37 FUEL ISOL VLV A SYS 3 5 | V46KO321E | K50P9930-B | 1-OPN/O-CLS
FUEL ISOL VLV B SYS 3 5 | vaexosnae | ksopssze-n | 1-oPn/0-cLs
R2/$32 APU CNTRL PWR A - SYS 1 5 | VA6KOI24E | KS4P107-C 1-ON/G-OFF
APU CNTRL PWR B - SYS 1 s | veskorsse | Kksap106-c 1-ON/0-OFF
R2/533 APU CNTRL PWR A - SYS 2 5 | vasxozzae | Kksspio7-c 1-ON/0-OFF
APU CNTRL PWR B - SYS 2 5 | V46KO244E | KSS5P106-C 1-ON/0-OFF
R2/534 APU CNTRL PWR A - SYS 3 5 | vaeko32ee | Ks6P107-C 1-ON/0-OFF
APU CNTRL PWR B - SYS 3 5 V46K0344E K56P106-C 1-ON/0-OFF
R2/516 APU CNTRL - START/RUN CMD A SYS 1 5 | vaekorzee | Ksap106-R 1-RUN/0-OFF
APU CNTRL - START/RUN CMD B SYS 1 5 | V46KO146E | K54P107-R 1-RUN/0-OFF
APU CNTRL - 0'RIDE/RUN CMD A SYS 1 5 | vaekorzze | Ksap106-s 1-RUN/0-OFF
APU CNTRL - O'RIDE/RUN CMD B SYS 1 5 | vaekola7e | Ksap107-s 1-RUN/0-OFF
R2/S17 APU CNTRL - START/RUN CMD A SYS 2 5 | vaekozz6E | Ks5P106-R 1-RUN/0-OFF
APU CNTRL - START/RUN CMD B SYS 2 5 | vaexozaéE | Kkssp107-R 1-RUN/0-OFF
APU CNTRL - 0'RIDE/RUN CMD A SYS 2 5 | vaexozere | kssp106-s 1-RUN/0-OFF




TABLE 1 - STIMULT ~ OR APU/HYD PAGE 3 of 5
PANEL/ SYSTEM
SWITCH NOMENCLATURE NOTES MML 1D. CONN-PIN STATE
R2/517 APU CNTRL - O'RIDE/RUN CMD B SYS 2 5 VA46K0247E K55P107-S 1-RUN/O-OFF »
CONT INUED i
R2/518 APU CNTRL - START/RUN CMD A SYS 3 5 V46K0326E K56P106-R 1-RUN/O-OFF |
APU CNTRL - START/RUN CMD B SYS 3 5 V46K0346E K56P107-R 1-RUN/O-OFF
APU CNTRL - O'RIDE/RUN CMD A SYS 3 5 V46K0327E K56P106-S 1-RUN/O-OFF
APU CNTRL - O'RIDE/RUN CMD B SYS 3 5 V46K0347E K56P107-S 1-RUN/O-OFF
R2/S22 AUTO SHUTDOWN INHIBIT A - SYS 1 &8 3 5 V46K0097E K54P106-J 1-ON/0-OFF
AUTO SHUTDOWN INHIBIT B - SYS 1 & 2 5 V46K0098E K55P106-J 1-ON/O-OFF
AUTO SHUTDOWN INHIBIT C - SYS 2 & 3 5 V46K0099E K56P106-J 1-ON/0-OFF
é: R2/519 SPEED SELECT HI - CMD A SYS 1 5 V46K0129E K54P106-E 1-HI/0-NORM
SPEED SELECT HI - CMD B SYS 1 5 V46K0149E K54P107-E 1-HI/0-NORM
R2/520 SPEED SELECT HI - CMD A SYS 2 5 V46K0229E K55P106-E 1-HI/0-NORM
SPEED SELECT HI - CMD B SYS 2 5 V46K0249E K55P107-E 1-HI/0-NORM
R2/S21 SPEED SELECT HI - CMD A SYS 3 5 V46K0329E K56P106-E 1-HI/0-NORM
SPEED SELECT HI - CMD B SYS 3 5 V46K0349E K56P107-E 1-HI/0-NORM
TURBINE OVERSPEED CMD - SYS 1 0s1 1-0S/0-0FF
TURBINE UNDERSPEED CMD - SYS 1 usl1 1-US/0-OFF
TURBINE OVERSPEED CMD - SYS 2 7 0s2 1-0S/0-0FF
TURBINE UNDERSPEED CMD - SYS 2 us2 1-US/0-0FF
TURBINE QVERSPEED CMy - SYS 3 0S3 1-0S/0-0FF
TURBINE UNDERSPEED CMD - SYS 3 i us3 1-US/0-0FF
i . s o oot - o o i J
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TABLE 1 - STIMULI I' T FOR APU/HYD

FAGE 4 of -

s NOMENCLATURE NOTES| ML I0. | 2rerchiy At
-HYD-
R2/s29 | CIRC PUMP SYS 1 2 | vsekola2y | KsoPP1-El 1-ON/0-OFF
V58K0143Y
R2/S30 | CIRC PUMP SYS 2 2 | vsekoze2y | ksopp2-E1 1-ON/0-OFF
V58K0243Y
R2/531 CIRC PUMP SYS 3 2 v58k0342Y KS0PP3-E1 1-ON/0-OFF
V58K0343Y ,
R2/S26 | MM PUMP DEPR ON SYS 1 5 | VSBKOIZIE | KS0P9004-1 | 1-LO/O-MORM
R2/S27 | MN PUMP DEPR ON SYS 2 5 | vsskoz7ie | Ksop90os-1 | 1-LOW/0-NORM
R2/S28 | MN PUMP DEPR ON SYS 3 5 | vsekoa7lE | KSOP9006-1 | 1-LOM/O-NORM
R4/S22 | LG ISLN VLV OPEN S¥YS 1 2 | vs8Ko195X | KSOP90O7-A | 1-0PN/O-OFF
LG ISLN VLV CLOSED SYS 1 5 V58K0191E K50P9007-C 1-CLS/0-OFF
R4/S523 LG ISLN VLV OPEN SYS 2 2 V58K0295X K50P9008-A 1-OPN/0-OFF
LG ISLN VLV CLOSED SYS 2 5 | vS8KO29iE | KSO0P900B-C | 1-CLS/0-OFF
R4/S24 | LG ISLN VLV OPEN SYS 3 2 [ vs8ko3gsx | Ksopooos-A | 1-oPw/0-oFF
LG ISLN VLV CLOSED SYS 3 5 V58K0391E K50P9009-C 1-CLS/0-OFF
R4/S25 | ME/TVC SPLY VLV OPEN SYS 1 5 | VSBKIIME | KS0P38-A | 1-0PN/O-OFF
ME/TVC SPLY VLV CLOSED SYS 1 5 | VSBKIIIE | KSOP3B-C | 1-CLS/O-OFF
R4/S26 | ME/TVC SPLY VLV OPEN SYS 2 5 | VSBKIZME | KS0P39-A | 1-0PN/O-OFF
ME/TVC SPLY VLV CLOSED SYS 2 5 | VS8KI23SE | K50P39-C | 1-CLS/0-OFF
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TABLE 1 - STIMULI FOR APU/HYD PAGE 5 of 5 !
E et NOMENCLATURE NOTES| MML ID. ORI STATE
i R4/527 ME/TVC SPLY VLV OPEN SYS 3 5 | V58KI334E K50P40-A 1-0PN/0-OFF
; ME/TVC SPLY VLV CLOSED SYS 3 5 | vsek133sE K50P40-C 1-CLS/0-OFF |
1 R2/541 H20 BLR CNTLR PWR/HTR A SYS 1 5 | v5BKO149E K50P9022-A  {1-ON/O-OFF
| H20 BLR CNTLR PWR/HTR B SYS 1 5 | V58KO150E K50P9025-A  |1-ON/O-OFF
R2/542 H20 BLR CNTLR PWR/HTR A SYS 2 5 | v58K0249E KS0P9028-A  (1-ON/0-OFF ;
H20 BLR CNTLR PWR/HTR B SYS 2 5 | vs8Kko250E KS0P9031-A,  [1-ON/O-OFF é
: R2/543 H20 BLR CNTLR PHR/HTR A SYS 3 5 | v58K0349E K50P9034-A | 1-ON/O-OFF |
| H20 BLR CNTLR PNR/HTR B SYS 3 5 | V58KO350E KSOP9037-A | 1-ON/O-OFF
z R2/538 H20 BLR CNTLR A ENABLE SYS 1 5 | V58K0151E K50P9024-4 | 1-ENABLE/0-OF] |
b H20 BLR CNTLR B ENABLE SYS 1 K50P9027-4 | 1-ENABLE/O-OF |
R2/539 H20 BLR CNTLR A ENABLE SYS 2 5 | v58KO251E K50P9030-4 | 1-ENABLE/O-OFf " |
H20 BLR CNTLR B ENABLE SYS 2 KSOP9033-4 | 1-ENABLE/O-OFf |
| R2/540 H20 BLR CNTLR A ENABLE SYS 3 5 | v58K0351E K50P9036-4 | 1-ENABLE/O-OFF |
H20 BLR CNTLR B ENABLE SYS 3 K50P9039-4 | 1-ENABLE/O-OFf !
_| LarcBS7 | AC BUS 18 PWR HYD RESV QTY #1 5,6 K50P9001-C | 1-ON/O-OFF |
L4/CB60 | AC BUS 2B PWR HYD RESV QTY #2 5,6 K50P2002-C | 1-ON/O-OFF |
L4/CB63 | AC BUS 3B PWR HYD RESV QTY #3 5,6 K50P9003-C | 1-ON/0-OFF |




4.2 OQUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the initial condition value for
the output. Measurement I. D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I. C. indicates initial
condition values. VALUE 1 typically indicates nominal values. VALUE 2 and
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS. For the GTS, automatic
conversion from FS engineering unit values to.CTS will be done by the NAS.

Note that table 2 includes all output measurement values except those dealing
with turbine overspeed and underspeed which are not related to VALUE (K) for
K=1, 2, 3. The turbine overspeed and underspeed values not included in
table 2 are as follows:

When 051 = 1, VA6ROi35A = 135 PCT (827 CNTS)
and USi = 1, V46RO135A = 75 PCT (460 CNTS)
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MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2
VALUE 1 K=1] VALUE 2 x=2| VALLE 3 K=3
Msﬁugfncm MEASUREMENT NAME s (HOMINAL /o) 1 (0FF) UHITS
FS cIs!  ES ¢Is | FS cTs|  F£S c1s
- APY -

V46P0100A | FUEL TK. PRESS SYSTEM 1 340 695 340 696 NA 34¢C 696| PSIA
V46P0200A | FUEL TK. PRESS SYSTEM 2 335 |685% 335 685 NA 333 685! PSIA
V46P0O300A | FUEL TK. PRESS SYSTEM 3 346 708 346 738 NA 34¢€ 7051 PSIA
V46T0102A | TK. SURFACE TEMP SYSTEM 1 56 360 56 360 A 67 303| °F
V46T0202A | TK. SURFACE TEMP SYSTEM 2 64 411 64 411 NA &7 3)3| °F
VA6T0302A { TK. SURFACE TEMP SYSTEM 3 a8 309 48 329 NA 47 303) °F
V46TO104A | FUEL LN TEMP NO. 2 SYSTEM 1 8o 331 80 331 NA 47 135] °F
V46TO204A | FUEL LN TEMP NO. 2 SYSTEM 2 90 372 9C 372 NA a7 136| °F
V46T0304A | FUEL LN TMEP NO. 2 SYSTEM 3 105 434 105 234 NA 47 1361 °F
V46PO105A | FUEL TK OUT PRESS SYSTEM 1 330 675 330 675 NA 330 6751 PSIA
V46P0205A | FUEL TK OUT PRESS SYSTEM 2 335 685 335 685 NA 335 685] PSIA
V46P0305A | FUEL TK OUT PRESS SYSTEM 3 338 692 338 692 NA 338 692| PSIA
V46T0108A | FUEL LN TEMP NC. 1 SYSTEM 1 85 352 8t 352 NA 48 201} °F
V46T0208A | FUEL LN TEMP NO. 1 SYSTEM 2 92 381 92 381 NA 50 209 °F
V46TO308A | FUEL LN TEMP NO. 1 SYSTEM 3 93 405 98 405 NA 52 217" °F
V46TO112A | FUEL PUMP DISCHARGE TEMP SYSTEM 1 157.6 | 409 157.6 | 409 NA 60 158y °F
V46T0212A | FUEL PUMP DISCHARGE TEMP SYSTEM 2 153 397 153 367 NA 60 158] °F
V46T0312A | FUEL PUMP DISCHARGE TEMP SYSTEM 3 142 363 142 358 NA 60 158] °F
V46X0115E | FUEL ISOL. VALVE POS. SYSTEM 1 0 0 STATE
V46X0215E | FUEL ISOL. VALVE POS. SYSTEM 2 0 0 STATE
V46X0315E | FUEL ISOL. VALVE POS. SYSTEM 3 0 0 STATE
- )




MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

B i e . AN

e

' VALUE 1 K=1| VALUE 2 K=2] VALUE 3 K=3
"Ef“:f"m MEASURENENT. NAME LG | (nowina (HI/LON (0FF) UNITS
£S CIsl  £S cI1s] FS CIs| _FS (45
APU Continued
V46T0122A | G.G. BED TEMP. SYSTEM 1 325 |665 325 |665 NA 160 3271 °F
VA6T0222A | G.G. BED TEMP. SYSTEM 2 350 716 | 350 716 l 160 27| °f
V46T0322A | G.G. BED TEMP. SYSTEM 3 300 |e14 300 |614 i 160 327| °F
VA6X0125€ | APU “READY" SYSTEM 1 0 0 STATE
VA6X0225E | APU "READY"™ SYSTEM 2 b 0 STATE
V46X0325€ | APU "READY" SYSTEM 3 0 0 STATE
VA6T0128A | APU 1 FUEL LINE TEMP NO. 3 156  la05 156 ]405 NA 70 184 | DEGF
VA6T0228A | APU 2 FUEL LINE TEMP NO. 3 160 |a15 160 ]4i5 70 184 | DEGF
VA6T0328A | APU 3 FUEL LINE TEMP NO. 3 164 ]426 164 |426 70 184 | DEGF
VA6TO130A | APU 1 FUEL TANK SURF TEMP AT HTR 87 663 87 }663 50 505 | DEGF
VA6T0230A | APU 2 FUEL TANK SURF TEMP AT HTR 95 |696 95 |696 i 50 509 | DEGF
VA6T0330A | APU 3 FUEL TANK SURF TEMP AT HTR 102|724 102 {724 ~ 50 509 ] DEGF
V46X0134E | APU 1 FUEL ISOL VALVE B POSITION 0 0 STATE
VAGXO0234E : APU 2 FUEL ISOL VALVE B POSITION 0 0 STATE
VA6X0334E | APU 3 FUEL ISOL VALVE B POSITION 0 0 STATE
V46RO135A | TURBINE SPEED SYSTEM 1 0 0 83.5 |512] mn3 692 0 o] PCT
V46R0235A | TURBINE SPEED SYSTEM 2 0 o] 100.2)614] 13 692 0 o} pcT
VA6R0335A | TURBINE SPEED SYSTEM 3 0 0 96.86]593] 113 692 0 o] PcT
V46T0140A | TURBINE €.G. TEMP. NO. 2 SYSTEM 1 631 421 631 421 NA 4 23| °F
V46T0240A | TURBINE E.G. TEMP. NO. 2 SYSTEM 2 749 |501 749 | 501 NA 4) 23| °F
V46TO340A | TURBINE E.G. TEMP. NO. 2 SYSTEM 3 1199 1806 { 1199 |806 MA 4 23| °F

T




MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

MEASUREMENT 1.C. VALUE 1 K=1| VALUE 2 K=2| VALUE 3

V46X0165E | TURBINE OVERSPEED (1 = overspeed) SYSTEM 1 0 0 Y STATE

| (NOMINAL (HI/LOW) (OFF) UNITS f
1. D. MEASUREMENT NAME Y c1s] ES c1s | FS crs]  Fs cTS :
V46T0142A | TURBINE E.G. TEMP. NO. 1 SYSTEM 1 601 401| 601 401| NA 4 23 | °F
V46T0242A | TURBINE E.G. TEMP. NG. 1 SYSTEM 2 900 604 | 900 604 41 23 | °F
V46T0342A | TURBINE E.G. TEMP. NO. 1 SYSTEM 3 1051 70€ | 1051 706 4] 23 °F
V46TO150A | G.B. LUBE OIL RTN. TEMP. SYSTEM 1 145 303 | 145 303 50 108 | °F
V46TO250A | G.B. LUBE OIL RTN. TEMP. SYSTEM 2 140 293 | 140 293 50 108 | °F
V46TO350A | G.B. LUBE OIL RTN. TEMP. SYSTEM 3 225 466 | 225 466 - 50 108 | °F
V46PO151A | G.B. GN, PRESS SYSTEM 1 25 851| 25 851 25 851 | PSIA
V46P0251A | G.B. GN, PRESS SYSTEM 2 20 685| 20 685 20 685 | PSIA
V46P0351A | G.B. GN, PRESS SYSTEM 3 15 509 | 15 509 15 509 | PSIA
V46PO152A | APU 1 Gh, BOTTLE PRESS 50 170| 50 170 50 170 | PSIA
V46P0252h | APU 2 GN, BOTTLE PRESS 40 137 40 137 40 137 | PSIA f
V46P0352A | APU 3 GN, BOTTLE PRESS 45 153| 45 153 45 153 | psIa
V46PO153A | G.B. LUBE OIL OUT. PRESS. SYSTEM 1 76 389 76 389 30 153 | PSIA |
V46P0253A | G.B. LUBE OIL OUT. PRESS. SYSTEM 2 78 399 78 399 30 153 | PSIA 5
V46PU353A | G.B. LUBE OIL OUT. PRESS. SYSTEM 3 81 815 81 415 30 |153 | PSIA
V46TO154A | G.B. LUBE OIL OUT. TEMP. SYSTEM 1 180 |a66| 180 466 60- 158 | °F
V46T0254A | G.B. LUBE OIL OUT. TEMP. SYSTEM 2 172 as6 | 172 446 60 158 | °F |
V46T0354A | G.B. LUBE OIL OUT. TEMP. SYSTEM 3 168 436 | 168 436 60 158 | °F ;
V46TO161A | G.B. BRING. TEMP. NO. 1 SYSTEM 1 200 415| 200 415 50 108 | °F 3
V46T0261A | G.B. BRING. TEMP. NO. 1 SYSTEM 2 190 395] 190 395} 50 108 | °F 3
V46T0361A | G.B. BRING - TEMP. NO. 1 SYSTEM 3 260 538 | 260 538 50 108 | °F :
1
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MEASUREMENT QUTPUT FROM APU/HYD MODEL - TABLE 2

K=1 = =
ME?SU:EMEM MEASUREMENT NAM b | o Gnrton | forrj © UnITS
i € ES__lcis|  Es cIsl _Fs cIs| __Fs cIS

V46X0265E | TURBINE OVERSPEED (1 = overspeed) SYSTEM 2 0 0 STATE
V46X0365E€ | TURBINE OVERSPEED (1 = overspeed) SYSTEM 3 0 0 STATE
V46X0166E | TURBINE UNDERSPEED (1 = underspeed) SYSTEM 1 0 o STATE
V46X0266E | TURBINE UNDERSPEED (1 = underspeed) SYSTEM 2 0 0 STATE
V46X0366E | TURBINE UNDERSPEED {1 = underspeed) SYSTEM 3 0 0 STATE
V46TO0183A | FUEL TEST LN. TEMP. 1 SYSTEM 1 66 274 €6 274  NA 50 208 | °F
V46T0283A | FUEL TEST LN. TEMP. 1 SYSTEM 2 63 |62 63 262 50 209 | °F
V46T0383A | FUEL TEST LN. TEMP. 1 SYSTEM 3 74 1307 74 307 50 209 } °F
V46TO184A | FUEL TEST LN. TEMP. 2 SYSTEM 1 54 [224 54 22¢) 50 208 | °F
VA6T0284A | FUEL TEST LN. TEMP. 2 SYSTEM 2 65 1265 65. 26 50 208 | °F
Y46T0384A | FUEL TEST LN. TEMP. 2 SYSTEM 3 70 290 70 290 50 208 | °F
V46TO186A | FUEL PUMP DRAIN LN. TEMP. 1 SYSTEM 1 60 250 60 250 50 209 | °F
V46T0286A | FUEL PUMP DRAIN LN. TEMP. 1 SYSTEM 2 55  |229 55 22° 50 209 | °F
V46T0386A | FUEL PUMP DRAIN LN. TEMP. 1 SYSTEM 3 52 |217 52 217 50 209 1 °f
V46P0190A | APU 1 FUEL PUMP DRAIN LINE PRESS 1 13 |264 13 264 13 264 1 PSIA
V46P0290A | APU 2 FUEL PUMP DRAIN LINE PRESS 1 17 |38 17 34¢l 17 348 | PSIA
V46P0390A | APU 3 FUEL PUMP DRAIN LINE PRESS 1 10 1205 10 205f ¥ 10 205 ] pSIA

=y




MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

K=1 = =
MEASUREMENT Le. | (hominaL e B T s
I. 0. MEASUREMENT NAME FS TS FS CIS FS CTS FS cTS
V46TO192A| APU 1 FU PUMP TEMP 185 385 185 | 385 NA 65 139 °F
V46T0292A| APU 2 FU PUMP TEMP 176 366 176 366 67 1431 °F
V46T0392A| APU 3 FU PUMP TEMP 125 262 125 262 69 137 °F
V46T0193A] APU 1-PUMP H20 LINE TEMP - PRI 61 393 €1 393 43 27el °F
V46T0293A| APU 2 PUMP H20 LINE TEMP - PRI 67 430 67 430 45 231} °F
V46T0393A| APU 3 PUMP H20 LINE TEMP - PRI 88 667 88 667 47 4971 °F
V46T0194A] APU 1 PUMP H20 LINE TEMP - SEC 9] 679 9 679 51 514{ °F
V46T0294A| APU 2 PUMP H20 LINE TEMP - SEC 94 692 94 652 53 522 °F
V46T0394A| APU 3 PUMP H20 LINE TEMP - SEC 99 712 99 712 55 53¢ °F
V46T0501A] H20 LINE TEMP 1 48 340 48 340 41 321 °F
V46T0502A] H20 LINE TEMP 2 53 354 53 354 43 3271 °F
V46T0503A| H20 LINE TEMP 3 58 368 58 368 45 331} °F
V46T9158A] APU 1 FU VLV TEMP 120 276 120 276 A 162) °F
V46T9258A] APU 2 FU VLV TEMP 115 264 115 264 73 166} °F
V46T9358A] APU 3 FU VLV TEMP 110 252 110 252 75 172| °F
* V46T9180A] APU 1 INJECTOR TUBE TEMP 319 286 415 | 286 130 39| °F
* V46T9280Af APU 2 INJECTOR TUBE TEMP 179 327 479 | 327 135 92| °F
* V46T9380A] APU 3 INJECTOR BUTE TEMP 540 368 540 | 368 1481 96{ °F
* V4679132 APU 1 CAVITY DRAIN LINE TEMP 56 266 56 | 266 439 254] °F
* V46T9270A] APU 2 FU PUMP DRAIN LINE TEMP 6 352 86 |352 57 233] °F
* V46T9513A] APU 3 CAVITY DRAIN LINE TEMP 69 393 69 |393 Y# 59 366] °F

*» NOTE: This measurement uses the range 1limit conversion method of calculating FSEU .

vy
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MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

VALUE 1 K=1} VALUE 2 K=2| VALUE 3 K=3
Hz?su:snsm N I.c. (HOMINAL (HI/LOW) (OFF) UNITS
. FS CIS! _ES CIsl FS CTS|  FS CTS
*FP1A FUEL PUMP 1A THERMO 1 1 STATE
*FP18 FUEL PUMP 1B THERMO 1 1 STATE i
*Fp2A FUEL PUMP 2A THERMO 1 1 STATE
*Fp28 FUEL PUMP 2B THERMO i 1 STATE
*FP3A FUEL PUMP 3A THERMO 1 1 STATE
*Fp38 FUEL PUMP 38 THERMO 1 1 STATE J
*AT1A APU 1 TANK A THERMO 1 1 STATE |
*AF1A APU F/LINE A THERMO 1 1 STATE |
*AO1A APU O/LINE A THERMO 1 1 STATE
*AS1A APU SER LINE A THERMO 1 1 STATE
*AT18 APU TANK B THERMO 1 1 STATE
*AF18 APU F/LINE 3 THERMO 1 1 STATE
* AO1B APU O/LINE B THERMO 1 1 STATE
~ AS1B APU SER LINE B THERMO 1 1 STATI
* AT2A APU 2 TANK A THERMO 1 1 STATE
* AF2A APU F/LINE A THERMO 1 1 STATE
* A02A APU O/LINE A THERMO 1 1 STATI
* AS2A APU SER LINE A THERMO 1 1 STATE
* AT2B APU TANK B THERMO 1 1 STATE
* AF28 APU F/LINE B THERMO 1 1 STATI
* A02B APU O/LINE B THERMO 1 1 STATE
* AS2B APU SER LINE B THERMO 1 1 STATI
* AT3A APU 3 TANK A THERMO 1 1 STATH

*ALL PSEUDOS ON THIS PAGE DO NOT APPLY TO GTS.
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MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

K=1 = =
N I I I R

I. D. MEASUREMENT NAME FS CTS £S CTS FS CTS FS c1s

*AF3A APU F/LINE A THERMO 1 1 STATE
*AO3A APU O/LINE A THERMO 1 1 STATE
*AS3A APU SER LINE A THERMO 1 1 STATE
*AT3B APU TANK B THERMO 1 1 STATE
*AF3B APU F/LINE B THERMO 1 1 STATE
*A03B APU O/LINE B THERMO 1 1 STATE
*AS3B APU SER LINE B THERMO 1 1 STATE
*GG1A PUMP/GG HTR 1 1 STATE
*GG1B PUMP/GG HTR 1 1 STATE
* GG2A PUMP/GG HTR 1 1 STATE
* 6628 PUMP/GG HTR 1 1 STATE
* GG3A PUMP/GG HTR 1 1 STATE ’
*GG3B PUMP/GG HTR 1 1 STATE ‘

*ALL PSEUDOS ON THIS PAGE DO NOT APPLY TO GTS.
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MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

e o Ta iy = i

¥ *  Unique tc GTS.

47

Measurement values are equivalent to Supply Pressure B.

K=1 = =
na:su:susm N 1.c. ‘&‘dﬂfuh ‘(’Q%‘/’Eoﬁ) kez] YA 3 k=3 s
. D. E
FS CTS ES €18 FS CTS FS CcTS
V58T0101A | RESVR FLUID TEM?.H;$STEM 1 120 53¢f 120 536 40 319 35 305] °F
V58T0201A | RESVR FLUID TEMP. SYSTEM 2 124.2 548] 1242 |548 40 319 35 305| °f
‘¥58TO301A { RESYR FLUID TEMP. SYSTEM 3 117 528] 117 528 40 319 35 305] °f
V58Q0102A | RESVR FLUID VOLUME SYSTEM 1 58 593 3 593 0 PCT
¥58Q0202A | RESVR FLUID VOLUME SYSTEM 2 62 634 62 634 0 0 PCT
V58Q0302A | RESVR FLUID VOLUME SYSTEM 3 68 696 68 696 0 0 PCT
V58P0104A HZO BLR GN2 REG. OUT. PRESS. SYSTEM 1 0 e 25 342 25 342 25 42} pSIA
V58P0204A HZO BLR GN2 REG. OUT. PRESS. SYSTEM 2 0 0 28 383 28 383 28 383] pSIA
V58P0304A HZO BLR GN2 REG. OQUT. PRESS. SYSTEM 3 \ 0 27 368 27 368 27 3681 PSIA
V58T0105A HZO BLR GN2 TX. TEMP. SYSTEM 1 _ 31.44 0 70.04 | 278 70.04] 278 70.04 | 278] of
V58T0205A “20 BLR GN2 TK. TEMP. SYSTEM 2 31.44 0 103.05 | 589 103.05] 589} 103.05 | 539] of
V58T0305A HZO BLR GN2 TK. TEMP. SYSTEM 3 31.44 0 106.94 | 616 106.94] 616] 106.94 | 616] °F
PVSEPO114C | SUPPLY PRESS. A SYSTEM 1 3022 173 39%% Zgg 375 96 78 201 PSIA
FVo6P0214C | SUPPLY PRESS. A SYSTEM 2 3124 799 3;%: ;gg 375 96 78 20) PSIA
.}v53P0314c SUPPLY PRESS. A SYSTEM 3 3226 825 3;%? ?gg 375 96 78 20} PSIA
Y58P0115C | SUPPLY PRESS. B SYSTEM 1 3200 818 ] 3200 818 376 96 80 201 7SIA
V58PO115A | ** ' 751 192
V58P0215C | SUPPLY PRESS. B SYSTEM 2 ' 3000 767 § 3000 767 376 96 80 20] PSIA
V58P0215A | ** 751 192
*d0TE: This measurement uses the range limit conver;ion method of calculating FSEU . '




MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

MEASUREMEN VALUE 1 K=l| VALUE 2 K=2| VALUE 3 K=3
EISUDE EN MEASUREME 1.C. ] (nomina (HI/LOW) | (OFF) UNITS
V58P0315C | SUPPLY PRESS B SYSTEM 3 2896 741 2896 741 376 96 80 20 | PSIA
V58P0315A | ** 751 192
*¥58P0116C | HYD SYS 1 SUPPLY PRESS C 3300 844 3300 | 844 375 96 78 20 { PSIA
751 192
*V58P0216C | HYD SYS 2 SUPPLY PRESS C 3402 870 3402 870 375 96 78 20 | PSIA
751 192 '
*V58P0316C | HYD SYS 3 SUPPLY PRESS C 3152 806 3152 | 806 375 96 78 20 | PSIA
751 192
V58T0120A | HYD SYS 1 FLUID HTR OUT T™MP 102 487 102 487 102 487 35 305 | DEGF
V58TQ220A | HYD SYS 2 FLUID HTR OUT TMP 90 454 90 | 454 50 |454 35 305 | DEGF
V58T0320A | HYD SYS 3 FLUID HTR OUT TMP 81 430 81 430 81 430 35 305 | DEGF
V58P0137A | CIRC. PUMP PRESS. SYSTEM 1 50 63 50 63 374 1479 80 102 | PSIA
V58P0237A | CIRC. PUMP PRESS. SYSTEM 2 54 70 54 70 374 {479 80 102 | PSIA
V58P0337A | CIRC. PUMP PRESS. SYSTEM 3 61 78 61 78 374  |479 80 102 | PSIA
V58PO147A | H,0 BLR. GN, TK. PRESS SYSTEM 1 2471 722 2471 722] 2471 722 | 2471 722 | PSIA
V58P0247A | H,0 BLR. GN, TK. PRESS SYSTEM 2 2429 710| 2429 710] 2429 710 | 2429 710 | PSIA
V58P0347A | H,0 BLR. GN, TK. PRESS SYSTEM 3 2513 735 2513 735] 2513 735 | 2513 735 | PSIA
V58TO157A | HYD SYS 1 LH INBD ELEV ACT RTN LN TMP 141 593 141 593 30 |29 30 291 | DEGF
V58T0257A | HYD SYS 2 LH INBD ELEV.ACT RTN LN TMP 132 569 132 569 30 291 30 291 | DEGF
V58TO159A | HYD SYS 1 RH INBD ELEV ACT RTN LN TMP 147 €10 147 | 610 30 |291 30 291 | DEGF
V58TO359A | HYD SYS 3 RH INBD ELEV ACT RTN LN TMP 78 421 78 | 421 30 291 30 291 | DEGF
VS8TO161A | H,Q BLR. TK. TEMP. SYSTEM 1 31.44] O 100.08 567 55.89{ 152 55.89 |152 | °F
V58T0261A | H,0 BLR. TK. TEMP. SYSTEM 2 31.44 0 105.03 603 55.89] 152 55.89 |152 | °F |
*NOTE: This measurement uses the range limit ccnversion method of calculating FSEU )
> ** Unique to GTS. Measurement values are equivalent to Supply Pressure B.




MEASUREMENT QUTPUT FROM APU/HYD MODEL - TABLE 2

i e L cons S dia JAnd b db

K=1 = =z
v DR e T
1. D. MEASUREMENT NAME _FES CTS ES CIS FS CTS ES c1s

E V58T0361A HZO BLR. TK. TEMP. SYSTEM 3 31.44 0] 110.01 |} 636 55.89 {152 55.89 {152 | °Ff
V58T0162A HZO BLR. TEMP. NO. 1 SYSTEM 1 29.96 0 82.00 | 405 55.86 |159 55.86 {159 | °F
V58T0262A HZO BLR. TEMP. NO. 1 SYSTEM 2 29.96 0 76.90 | 352 £5.86 |159 55.86 }159 | °F

L V58T0362A | H,0 BLR. TEMP. NC. 1 SYSTEM 3 29.96 0 71.00 | 292 55.86 |159 55.86 {159 | °F

| VS8T0163A | H,0 BLR. TEMP. NO. 2 SYSTEM 1 29.96 0] 104,95 | 610 55.86 [159 55.86 |139 | °F

K V58T0263A HZO BLR. TEMP. NO. 2 SYSTEM 2 29.96 0 95.98 | 539 55.86 [159 55.86 {159 | °F

E V58T0363A H20 BLR. TEMP. NO. 2 SYSTEM 3 29.96 0 86.03 | 446 55.86 {159 55.86 {159 | °F

k V58T0165A HZO BLR. VENT TEMP. NO. 1 SYSTEM 1 150 4541 150 454) 122 |1 © 122 g | °F
V58T0265A HZO BLR. VENT TEMP. NO. 1 SYSTEM 2 153 503] 153 503] 122 0 122 2| °F

| V58T0365A HZO BLR. VENT TEMP. NO. 1 SYSTEM 3 160 61| 160 618] 122 0 122 | °r
V58T0166A HZO'BLR. VENT TEMP. NO. 2 SYSTEM 1 155 536 155 536] 122 0 122 O | °F
V58T0266A HZO BLR. VENT TEMP. NO. 2 SYSTEM 2 157 569} 157 569 122 0 122 JY °F
V58T0366A HZO BLR. VENT TEMP. NO. 2 SYSTEM 3 165 698{ 165 698} 122 0 122 J| °F
V58X0181E H20 BLR. BYPASS CL. IND. SYSTEM 1 0 0 . 1 0 0 0 J | STATE
V58X0281¢E H20 BLR. BYPASS CL. IND. SYSTEM 2 0 0 1 0 0 0 J | STATE
V58X0381€ HZO BLR. BYPASS CL. IND. SYSTEM 3 0 0 1 0 0 0 0 | STATE
V58X0182E & H,0 BLR. OK SYSTEM 1 0 0 STATE
V58X0282E HZO BLR. OK SYSTEM 2 0 0 STATE
V58X0382E HZO BLR. OK SYSTEM 3 0 0 STATE
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MEASUREMENT QUTPUT FROM Apy/HYD MODEL - TABLE 2 (

MEASUREMENT 1.C. R k=1 ThvE ) 2 VALLE 3 K=3

5. 0. MEASUREMENT NAME FS ¢S] Fs cIs] FS CTs| _FS cIS .
v58X0190E |} LDG. GR. ISLN. VLV. CL. IND. SYSTEM 1 0 0 STATE
V53X0290F | LDG. GR. ISLN. VLV. CL. IND. SYSTEM 2 0 0 STATE §
V58X0390€ | LDG. GR. ISLN. VLV. CL. IND. SYSTEM 3 0 0 STATE i
V58T0198A | HYD SYS 1 RSB RETURN LINE TEMP 136.2 {581 136.2 |s581 30 291 30 291| DEGF i
v5870298A | HYD SYS 2 RSB RETURN LINE TEMP €9 397 69 397 30 291 30 291} DEGF
V5870398~ | HYD SYS 3 RSB RETURN LINE TEMP 63 381 63 381 30 291 30 291 | DEGF
V58T0288A | HYD SYS 2 BODY FLAP RTN LINE TEMP 75 413 75 413 30 291 30 291} DEGF
V58T0388A | HYD SYS 3 BODY FLAP RTN LINE TEMP €6 380 66 389 30 291 30 291| DEGF.
V58T0296A | HYD SYS 2 RH BRAKE VLV RTN LN TMP 72 405 72 405 30 291 30 291 DEGF
V58X0800E | LH INBD ELVN ACTR. SW. VLV. ACTV. POSN. 0 STATE
V58X0801E | LH INBD ELVN ACTR. SW. VLV. PS2 POSN. 0 STATE
v58T0833A | LH INBD ELVN SW. VALVE LN TEMP. 40 316 40 319 30 291 30 291] °F
V58T084]A | LH OTBD BRAKE SW. VALVE LN TEMP, 57 364 57 364 30 291 30 291} °F
V58T0842A | LH INBD BRAKE SW. VALVE LN TEMP. 54 356 54 356 30 291 30 291} °F
V58T0845A | RH OTBD BRAKE SW. VALVE LN TEMP, 51 348 51 348 30 291 30 2911 °F
v58T0846A | RH INBD BRAKE SW. VALVE LN TEMP. 48 | 340 48 340 30 291 30 291 ] °F
V58X0850€ | LH OTBD ELVN ACTR. SW. VLV. ACTV. POSN. 0 0 STATE
v58x08516 | LH OTBD ELVN ACTR. SW. VLV. PS2 POSN. 0 0 STATE
v58T0883A | LH OTBD ELVN SW. VALVE LN TEMP, 45 331 45 - | 331 30 291 30 291 °F

Gu-v
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MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

MEASUREMENT TR R N B e B R —
I. 0. MEASUREMENT NAME Fs lcrsl fs  lers] Fs cis| Fs  lers
VS8X0900E | RH INBD ELVN ACTR. SW. VLV. ACTV. POSN. 0 0 STATE
V58X0901E | RH INBD ELVN ACTR. SW. VLV. PS2 POSN. 0 0 STATE
VSBT0933E | RH INBD ELVN SW. VALVE LN TEMP. 42 323 42 323 30 291 30 291 | °F
V58X0950E | RH OTBD ELVN ACTR. SW. VLV. ACTV. POSN 0 0 STATE
V58X095S1E | RH OTBD ELVN ACTR. SW. VLV. PS2 POSN 0 0 - | STATE
V58T0983A | RH OTBD ELVN SW. VALVE LN TEMP. 39 315 39 315 30 291 30 291 | °F
V58X1000E | RDR/SPDBK SW. VLV ACTV. POSN. 0 0 STATE
V58X1001E | RDR/SPDBK SW. VLV. PS2 POSN. 0 0 STATE
VS8T1006A | RUDDER SW. VALVE LN TEMP. A 36 307 36 307 30 |29 30 291 | °F
VS58X1136E | HYD SYS 1 ME/TVC SPLY VLV OPN IND ‘ 0 0 "STATE
VS8T1143A | MID FUSLG. RTN. LN TEMP A 33 299 33 299. 30 291 30 291 | °F
V58X1236E | HYD SYS 2 ME/TVC SPLY VLV OPN IND 0 0 STATE
V58X1336E | HYD SYS 3 ME/TVC SPLY VLV OPN IND 0 0 STATE
V58P9116A | HYD SYS 1 GN2 ACCUMULATOR PRESS 2560 655] 2560 655 | 2560 | 655} 2560 | 655] PSIA
V58P9216A | HYD SYS 2 GN2 ACCUMULATOR PRESS 2400 614) 2400 614 ] 2400 ]614] 2 1 614 ] pSIA
| v58P9316A | HYD SYS 3 GN2 ACCUMULATOR PRESS 2600 | 665] 2600 665 ] 2500 |665] 2600 | 665] pSIA
T
3
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MEASUREMENT OUTPUT FROM APU/HTD MODEL - TABLE 2

K=1 = a =
MEASUREMENT {.C. YﬁtﬂfniL Yﬁkgfos - :3&25 F - UnITS
I. D. MEASUREMENT NAME FS CIs ES CIS FS cTs FS c1s
V58T9133A | HYD SYS 1 FLUID HTR INLET TMP 108 503 108 {503 70 a0t 70 401 | oecF
V58T9233A | HYD SYS 2 FLUID HTR INLET TMP 125 560 125 |550 70 A0l 70 401  DEGF
VS8T9333A | HYD SYS 3 FLUIC HTR INLET T™P 170 673 170 (673, 70 401y 79 401 | DEGF
VS8T9141A | HYD SYS 1 CIRC PUMP OUTLET TEMP 112.2 | 516] 112.2 |516 | 70 401} o 401 | DEGF
V58T9242A | HYD SYS 2 CIRC PUMP OUTLET TEMP 127.2 | 557| 127.2 |587§ 70 101] 70 401 | DEGF
V58T9342A | HYD SYS 3 CIRC PUMP QUTLET TEMP 165 659 165 £59 70 401 7C 401 | DEGF
V58T9144A | HYD SYS 1 RETURN LINE RSB TMP 93 462 93 |462 30 291 30 291 | DEGF
VS8T9244A | HYD SYS 2 RETURN LINE RSB TMP 117 s28] 117 |528. 30 201 30 291 | DEGF
V58T9344A | HYD SYS 3 RETURN LINE RSB TMP 175 637| 175 |687 30 2911 30 2311 DEGF
VS8T9160A | HYD SYS 1 RTN LN BODY FLAP TMP 99 479 99 1479 30 291 36 291 |  DEGF
V58T9165A | HYD SYS 2 RTN Li R OTBD ELEV ACT TEMP 85 442 gs 442 30 291 30 291 | DEGF
V58T9178A | HYD SYS 1 RTN LN LMG UPLK ACT TMP 27 282 27 {e824 30 |291| 30 291 | DEGF
V5819183A | HYD SYS 1 NLG UPLK ACT LINE TMP 24 274) 24 274 S 29%| 30 291 | DEGF
V58T9186A | HYD SYS 1 RTN LN NLG TEMP 3 87 a6 87 |a46 30 291| 30 291 | DEGF
V58T9189A | HYD SYS 1 RTN LN RMG UPLK ACT TMP 21 266 21 |266f 30 |20 30 291 | DEGF
V58T9190A | HYD SYS 1 RTN LN RMG ORIFICE TMP 18" | 258 18 |258 30 (291} 30 291 | DEGF
V58T9194A | HYD SYS 1 RTN LN R BRK SW VLV TMP 96 471 96 |471 30 2911 30 291 | DEGF
V58T9236A | HYD SYS & RTN LN BODY FLAP TMP 115 524f 115 524 ' 30 |291] 30 291 | DEGF
V58T9261A | HYD SYS 1 RTN LN L OTBD ELEV ACT 34 438 84 {438 30 2911 30 291 | DEGF
V58T9262A | HYD SYS 1 RTN LN R OTBO ELEV ACT 144 602 144 |602| 30 291 30 291 DEGF
V58T9263A | HYD SYS 2 LH BRAKE VLV RTN LN TMP 30 291 30 |29 30 291] 30 291 | DEGF
V58T9264A | HYD SYS 2 RH BRAKE SW VLV RTN LN TMP 30 291 30 |29 30 291{ 30 291 | DEGF
V58T9349A | HYD SYS 3 RTN LN BODY FLAP TMP 160.2 | 647) 160.2 047 | 30 Jeyl} 30 291 | DEGF
|
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MEASUREMENT OUTPUT FROM APU/HYD MODEL - TABLE 2

K=1 = -

s H N Il I i
. D. E
ks lcisl es  lers| FS crs] ks leis

V58T9351A | HYD SY5 3 RH BRAKE VLV RTN LN TMP 30 Jem 30 |2 30 |201] 30 |29 opEeF
VS8T9352A | HYD SYS 3 LH BRAKE VLV RTN LN TMP 30 |29 30 |2 30 |29 30 291 | Dpeer
V58T9361A | HYD SYS 3 RTN LN L OTBD ELEV ACT TMP 156 le3a | 156 |634 30 |201] 10 237| DEGF
VS8T0830A | HYD SYS LM iwwo ELEV ACT 120 |532 ) ' DEGF
VS3TOBB0A | HYD SYS LH OTBD ELEV ACT 126 |sa8 " DEGF
VSBT0930A] HYD SYS RH INBD ELEV ACT 132|565 DEGF
VS8T0980A] HYD SYS RH OTBD ELEV ACT ' 138 |s81 DEGF |
V57T0014A| RUDDER/SPEEDBRAKE PDU 144 |59 DEGF
VS7T0018A| BODY FLAP POV 150 |614 DEGF .
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1. INTRODUCTION

The GN&C Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these models
are termed "non-avionic" models since they do not simulave the Shuiile's
"avionic" systems. The "non-avionic" models are needed to supply data for
on-board software processing and to respond to Shuttle commands, whether
they be from cockpit switches, the General Purpose Computers (GPC's) or the
Non-Avionic Simulator (NAS) console.
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2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed in
table 1 to produce values for the output measurements listed in table 2 that
simulate the operation of the Vent Doors.

2.1 MATH MODEL DESCRIPTION

This model simulates those functions of the vent doors in the Orbiter, namely:
OPEN, CLOSE, and PURGE. The vent doors permit equalization of pressures
between the ambient and the unpressurized areas within the Orbiter during
ascent and descent. The PURGE function expels toxic or explosive gas mixtures
that may accumulate within the unpressurized areas.

2.2 STS UNIQUE REQUIREMENTS

This model is not required for STS.

2.3 GTS UNIQUE REQUIREMENTS

This model is required for GTS only.

B-2

.o . <A/ o e e




i
f
E
;

i

3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model.
section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC
NORE

B-3
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,
Notice that where analog'measurements are lisied in
e inside the box is in flight systen enqincering
1 count value is listed ouiside the

and offpage connectors.
boxes and decisions, the valu
units (FSEU) while the corresponding mode
box. For example, the box on the right hand below;

FSey

MODELCTS

Vi5P1OOA = 516 [44o|ViSPIOOA= ¢x6| 534
vdsT1101A == 162|385 |VesTIHOIA® = 35 |44a
vdsTnoth = - 166|391 vésTnotaz -107/35%
W5TIOAA = -167[A8Y | vdsT1108A= -139|3al
tgpitioh = 511 4 [vdsewioaz 150]48 |

shows that VASP1100A is set equal to 626 FSEU which is equivalent to 534

MODELCTS shown outside the box.
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4.1

Table 1 contains a list of all model input stimuli.

4. TABLES

INPUT_STIMULI LIST

the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the “NOTES" column are explained in subsection 4.1.1}
which follows. Applicable MML numbers are 1isted next, designating their
connection to input stimuli shown in the column marked “SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain.

4.1

1.
2.
3.
4

.1 NOTES DEFINITION FOR TABLE 1

Both GND commands req'd to open valve.

FI1t. System CMDS to STS or GTS NAS.

Unique to GTS - stimulus from NAS Kybd to GPC.

GND commards only - no onboard switch or GPC CMDS.
Will be entered at NAS Kybd for GTS.

Power connections are not identified by MML no.
Pseudo entered by operator at DCM or NAS Kybd.
Conn-pin designation uses same MML ID as Tine above.
Both switch commands req'd to open valve.

Both GPC commands req'd to open valve.

Stimulus provided by other model.

These commands are mutually exclusive.

Stimuli from MMES, for GTS NAS only.

Fliaht System commands to STS NAS only.

Flight System commands to GTS NAS only.

The first column shows
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L}

B TABLE 1 - STIMULI IN" ~ FOR VENT DOORS PAGE * °f 6 |
| ; }
- PANELS NOMENCLATURE NOTES| ML ID. msw"zzm_ml STATE ‘
a (NONE) L FWD VENTS 1 & 2 CLOSE CMD 1A 2 | v59K3000x% FFO3 | J04-094 | 1-CLS/0-CLS ‘
; L FWD VENTS 1 & 2 CLOSE CMD 1B V59K3001X FFO3 | J02-079
L FWD VENTS 1 & 2 CLOSE CMD 2A V59K3010X FFO2 | J04-054
L FWD VENTS 1 & 2 CLOSE CMD 28B V59K3011X FFO2 | J02-094 !
L FWD VENTS 1 & 2 OPEN CMD 1A V59K3050X FFO3 [ J04-096 | 1-OPN/0-OPN
' L FWD VENTS 1 & 2 OPEN CMD 1B V59K3051X FFO3 | J02-096
l L FWD VENTS 1 & 2 OPEN CMD 2A ' V59K3060X FFO2 } J04-096
b L FWD VENTS 1 & 2 OPEN CMD 2B V59k3061x | FFOZ | J02-096 v
g L FWD VENTS 1 & 2 PURGE CMD 1A V59K3100X FFO3 | J04-079 I-Puns£/0-5ﬁiﬁf_
! L FWD VENTS 1 & 2 PURGE CMD 18 V59K3101X FFO3 } 902-072
" L FWD VENTS 1 & 2 PURGE CMD 2A V59K3110X FFO2 | J04-072
;- L FWD VENTS 1 & 2 PURGE CMD 28 V59K3111X FFO2 | J02-072 '
i ® L PB VENT 3 CLOSE CMD 1A V59K3200X FFO3 | J04-091 | 1-CLS/0-CLS
: N L PB VENT 3 CLOSE CMD 18 V59K3201 X FFO3 | J02-091 '
i L PB VENT 3 CLOSE CMD 2A V59K3210X FF02 | J04-091
‘- L PB VENT 3 CLOSE CMD 2B V59K3211X FFO2 | 902-091 !
2 L PB VENT 3 OPEN CMD 1A V59K3250X FFO3 | J04-072 | 1-0PN/0-OPN
' L PB VENT 3 OPEN CMD 18 V59K3251X FFO3 | J02-094
; L PB VENT 3 OPEN CMD 2A V59K3260X FFO2 | J04-079
: L PB VENT 3 OPEN CMD 2B V59K3261X FFO2 | J02-079. \
: L PB/W VENTS 4 & 7 CLOSE CMD 1A V59K3300X FFO3 | J03-054 | 1-CLS/0-CLS ) |
L PB/W VENTS 4 & 7 CLOSE CMD 1B V59K3301X FFO3 | J01-060 ;
L PB/W VENTS 4 & 7 CLOSE CMD 2A V59K3310X FFO2 | J03-054
L PB/W VENTS 4 & 7 CLOSE CMD 2B V59K3311X FFO2 | J01-054 1
L PB/W VENTS 4 & 7 OPEN CMD 1A V59K3350X FFO3 | J03-042 | 1-0PN/0-OPN




T Ty T T T Y

o
rv : e e T TR
f TABLE 1 - STIMUL/ FOR VENT DOORS PAGE 2 o ~
3 m—y SOURCE M
B SWITCH _ NOMENCLATURE NOTES| ™ML ID. STATE
| MOM | CONN-PIN
; (NONE) L PB/W VENTS 4 & 7 OPEN CMD 1B 2 | v59K3351x FFO3 | J01-042 | 1-OPN/O-OPN
L PB/W VENTS 4 & 7 OPEN CMD 2A V59K3360X FFO2 | J03-042
L PB/W VENTS 4 & 7 OPEN CMD 2B V59K3361X FFO2 | J01-042 t
L PB VENT 5 CLOSE CMD 1A V59K3400X FFO3 | J03-055 | 1-CLS/0-TLS
, L PB VENT 5 CLOSE CMD 1B V59K3401X FFO3 | J01-055
[ L PB VENT 5 CLOSE CMD 2A V59K3410X FFO4 | J03-055 | |
1 L PB VENT 5 CLOSE CMD 2B V59K3411X FFO4 | JO1-060 f ’ :
L PB VENT 5 OPEN CMD 1A V59K3450X FFO3 | J03-041 | 1-OPN/O-OPN |
L PB VENT 5 OPEN CMD 18 V59K3451X FFO3 {J01-041
L PB VENT 5 OPEN CMD 2A V59K3460X FFO4 | J03-041
L PB VENT 5 OPEN CMD 2B V59K3461X FFO4 | JO1-041 }
@ L PB VENT 6 CLOSE CMD 1A V59K3500X FFO1 | J03-044 | 1-CLS/9-CLS
O L PB VENT 6 CLOSE CMD 1B V50K3501X | FFO1 | JO1-044
L PB VENT 6 CLOSE CMD 2A V59K3510X FFO4 | J03-044
L PB VENT 6 CLOSE CMD 2B V59K3511X FFO4 | J01-044 ¥
L PB VENT 6 OPEN CMD 1A V59K3550X FFO1 | J03-056 | 1-OPN/O-OPN )
L PB VENT 6 OPEN CMD 1B V59K3551X FFO1 | JO1-056 '
| L PB VENT 6 OPEN CMD 2A V59K3560x | FF04 | J03-056
| L PB VENT 6 OPEN CMD 2B V59K3561X FFO4 | J01-056 !
L PB VENT 6 PURGE 1 CMD 1A V59K3600X FFO1 | J03-057 . ]-PURGEIOzﬁﬁﬁFf'
L PB VENT 6 PURGE 1 CMD 1B V59K3601X FFO1 | JO1-057
; L PB VENT 6 PURGE 1 CMD 2A : V59K3610X FFO4 | J03-057
L PB VENT 6 PURGE 1 CMD 2B V59K3611X FFO4 | JO1-057 |
L PB VENT 6 PURGE 2 CMD 1A V59K3700X FFO1 | J03-045 ¥
L PB VENT 6 PURGE 2 CMD 1B V59K3701X FFO1 | JO1-045 4 I
]
i3
........... 14
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TABLE 1 - STIMULI I' T FOR VENT DOORS PAGE = f 6
i NOMENCLATURE NoTES| ML ID. SOURCE STATE
MOM | CONN-PIN|
(NONE) L PB VENT 6 PURGE 2 CMD 2A 2 |vsokaniox | Fros |o03-045 |1-puree/o-BURFE
L PB VENT 6 PURGE 2 CMD 2B vs9K371IX | Fros |301-045 |
L AFT VENTS 8 & 9 CLOSE CMD 1A V50K3800X | FAOY |J06-019 |1-CLS/0-TTS
L AFT VENTS 8 & 9 CLOSE CMD 18 V59K3801X | FAOY |908-010
L AFT VENTS 8 & 9 CLOSE CMD 2A VS9K3810X | FAO4 [J06-019
L AFT VENTS 8 & 9 CLOSE CMD 28 vsok3s1ix | Facs |J08-010 t
L AFT VENTS 8 & 9 OPEN CMD 1A V59K3850X | FAO1 |J06-030 | 1-0PN/O-OPN
L AFT VENTS 8 & 9 OPEN CMD 1B vsok3ssix | Faor |J08-019
L AFT VENTS 8 & 9 OPEN CMD 2A V59K3860X | FAO4 |J06-030
L AFT VENTS 8 & 9 OPEN CMD 28 v59K3861X | FAO4 |J08-019 ! :
L AFT VENTS 8 & 9 PURGE CMD 1A vs9k3900x | FAOY | 206-008 l-puasc/o-m{g
L AFT VENTS 8 & 9 PURGE CMD 1B v59k3901X | FAOY |J08-030
L AFT VENTS 8 & 9 PURGE CMD A v59K3910x | Fao4 | 306-008
L AFT VENTS 8 & 9 PURGE CMD 2B V59K3911X FAO4 | J08-030 M
R FWD VENTS 1 & 2 CLOSE CMD 1A v50k4000x | FFO1 {J04-094 | 1-cLS/0-CTS
R FWD VENTS 1 & 2 CLOSE CMD 18 vsokaoo1x | Frov | J02-094
R FWD VENTS 1 & 2 CLOSE CMD 2A v59ka010x | Fro4 | J04-094
R FWD VENTS 1 & 2 CLOSE CMD 28 vsokeo11x | Fros | 202-079 !
R FWD VENTS 1 & 2 OPEN CMD 1A V59K4050X | FFO1 | 304-096 | 1-0PN/0-OPR
R FWD VENTS 1 & 2 OPEN CMD 18 vsoka0s1x | Fro1 | J02-096
R FWD VENTS 1 & 2 OPEN CMD 2A V50K4060X | FFO4 | J04-096 |
R FWD VENTS 1 & 2 OPEN CMD 28 VS9K4061X | FFo4 | 302-096 }
R FWD VENTS 1 & 2 PURGE CMD 1A vsoka100x | Fro1 | J0a-072 | 1-pumee/o0-PUREE
R FWD VENTS 1 & 2 PURGE CMD 1B v59Ka101X | FFO1 | 302-072
R FWD VENTS 1 & 2 PURGE CMD 2A VSOKA110X | FFO4 | J04-079 t
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TABLE 1 - STIMULI INPUT ZNT DOORS oAGE 4 of
.
s NOMENCLATURE NOTES| ML I0. SOURCE STATE
MOM | CONN-PIN|
(NONE) R FWD VENTS 1 & 2 PURGE CMD 28 2 | vsoka111x | Fros | g02-072 | 1-PuRGE/0-PU

R PB VENT 3 CLOSE CMD 1A vsokaz00x | FFo1 | Jo3-0s4 | 1-cLs/o-iS
R PB VENT 3 CLOSE CMD 1B vs9k4201x | FFO1 {J01-054 ;
R PB VENT 3 CLOSE CMD 2A V59k4210x | FF04 | J04-091 |
R PE VENT 3 CLOSE CMD 28 V59ka211x | FFoa | J02-091 |
R PB VENT 3 OPEN CMD 1A vsokazsox | FFo1 | J03-082 | 1-0PN/0-OPN
R PB VENT 3 OPEN CMD 1B vsoke2six | FFol | J01-042
R PB VENT 3 OPEN CMD 2A V59K4260x | FFO4 |J04-072
R PB VENT 3 OPEN CMD 2B V59K4261X FFO4 | J02-094 M
R PB/W VENT 4 & 7 CLOSE CMD 1A vsokazo0x | Fro4 | J03-054 | 1-cLs/0-TS
R PB/W VENTS 4 & 7 CLO - CMD 1B V50k4301X | FFO4 | J01-054 |

@ R PB/W VENTS 4 & 7 CLOSt CMD 2A v59K4310X | FFOI | J04-09]

03 R PB/W VENTS 4 & 7 CLOSE CMD 28 vsoka311x | FFOY | J02-089 ' ‘
R PB/W VENTS 4 & 7 OPEN CMD 1A vsokassox | FFos | J03-042 | 1-0pn/0-0PN
R PB/W VENTS 4 & 7 OPEN CMD 1B vsoka3sly | FFos [ Jo1-042
R PB/W VENTS 4 & 7 OPEN CMD 2A V59K4360X | FFO1 | J04-079 )
R F3/W VENTS 4 & 7 OPEN CMD 28 v59k435)X | FFO1 | J02-079 '
R PB VENT 5 CLOSE CMD 1A vsokasoox | FFo1 | J03-055 |1-cLs/0-TiS
R PB VENT 5.CLOSE CMD 18 vs9kas01x | FFO1 | J01-085
R PB VENT 5 CLOSE CMD 2A vsokaa10x | FFO2 [J03-055
R PB VENT 5 CLOSE CMD 2B V59K4411x | FFO2 | J01-060 t
R PB VENT 5 OPEN CMD 1A . vsokaasox | FFe1 [J03-041 | 1-0PN/0-OPR
R PB VENT 5 OPEN CMD 1B V59K4451X FFO1 | J01-041
R PB VENT 5 OPEN CMD 2A V59k4460X | FFO2 | J03-041
R PB VENT 5 OPEN CMD 2B vsokaae1x | FFO2 | J01-041 ¥
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PAGE 5 of {

TABLE 1 - STIMULI INP  FOR VENT DOORS
-
PaneL/ NOMENCLATURE notes| L 10. SOURCE STATE
MOM | CONN-PIN
(NONE) R PB VENT 6 CLOSE CMD 1A 2 | v59x4500x FFO3 |J03-044 | 1-CLS/0-CLS
R PB VENT 6 CLOSE CMD 18 V59K4501X FFO3 {J01-044
R PB VENT 6 CLOSE CMD 2A VS9Kk4510x | FFO2 |J03-044
R PB VENT 6 CLOSE CMD 28 V59K4511X FFO2 {JO01-044 1
R PB VENT 6 OPEN CMD 1A V59K4550X FF03 | J03-056 | 1-OPN/O-OPN
R PB VENT 6 OPEN CMD 1B V59K4551X FFO3 |JO1-056
R PB VENT 6 OPEN CMD 2A V59K4560X 702 | J03-056
R PB VENT 6 OPEN CMD 28 vsokasélx | FFo2 |J01-056 '
R PB VENT 6 PURGE 1 CMD 1A V59K4600X FFO3 | J03-057 | 1-PURGE/0-PUREE
R PB VENT € PURGE 1 CMD 1B V59K4601X FFO3 | J01-057
R PB VENT 6 PURGE 1 CMD 2A V59K4610X FFO2 }J03-057
R PB VENT 6 PURGE 1 CMD 28 V59K4611X FFO2 | JO1-057
% 9B VENT 6 PURGE 2 CMD 1A V59K4700X FFO3 | J03-045
R PB VENT 6 PURGE 2 CMD 1B V59K4701X FFO3 | JO1-045
R PB VENT 6 PURGE 2 CMD 2A V59K4710. FFO2 | J03-045
R PB VENT 6 PURCE 2 CMD 2B VS9K4711X FFO2 | J01-045 1
R AFT VENTS 8 & 9 CLOSE CMD 1A V59K4800X FAO3 | J06-019 | 1-€LS/0-CLS
R AFT VENTS 8 & 9 CLOSE CMD 1B V59K4801X FAO3 {J08-010
R AFT VENTS 8 & 9 CLOSE CMD 2A ¥59K4810X FAO2 | J06-019
R AFT VENTS 8 & 9 CLOSE CMD 2B V59K4811X FAO2 | J08-010- Y
R AFT VENTS 8 & 9 OPEN CMD 1A V59K4850X FAO3 | J06-030 | 1-OPN/O-OPN
R AFT VENTS 8 & 9 OPEN CMD 1B V59K4851X FAO3 | J08-019
R AFT VENTS 8 & 9 OPEN CMU 2A V49K4860X FAO2 | J06-030
R AFT VENTS 8 & 9 OPEN CMD 28 V59K4861X FAO2 | J08-019 t
R AFT VENTS 8 & 9 PURGE CMD 1A V59K4900X FAO3 | J06-008 1-PURGEIO-"#E
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TABLE 1 - STIMULI } IR VENT DOORS PAGE 6
SOURCE o
o34 NOMENCLATURE NOTES| MWL ID. STATE
MOM_ | CONN-PIN
(NONE) | R AFT VENTS 8 & 9 PURGE CMD 18 2 |vsokasorx | Fa03 [J08-030 |1-PURGE/0-PIR
R AFT VENTS 8 & 9 PURGE CMD 2A v59k4910x | FAO2 |J06-008
R AFT VENTS B & 9 PURGE CMD 28 vsokaol1x | Fac2 |J08-030




4.2 QUTPUT MEASUREMENT LIST

Table 2 1ists all model outputs along with the inital condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C, indicates initial

condition values. VALUE 1 typically indicates nominal viaues. VALUE 2 and°

VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS. For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.

I R T T v Fap re s - - . = e - T

T T T P T Y .
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MEASUREMENT OUTPUT FROM VENT DOORS MODEL - TABLE 2
| | MEASUREMENY I.C. VALUE 1 VALUE 2 VALUE 3 URTTS
! 1

V59X3555x| LFT AFT PLB 6ACT/B1 OPEN STATE
V59X3505X{ LFT AFT PLB 6ACT/B1 CLOSE
V59X3605X] LFT AFT PLB 6ACT/Bl1 PURGE 1
V59X3705X . LFT AFT PLB 6ACT/B1 PURGE 2
V59X3565X| LFT AFT PLB 6ACT/B2 OPEWN
V59X3515X{ LFT AFT PLB 6ACT/B2 CLOSE
V59X3615X] LFT AFT PLB 6ACT/B2 PURGE 1
V59X3715X| LFT AFT PLB 6ACT/B2 PURGE 2
V59X4555X| RT AFT PLB 6ACT/B1 OPEN
V59X4505X} RT AFT PLB 6ACT/B1 CLOSE
V59X4605X} RT AFT PLB 6ACT/B1 PURGE 1
V59X4705X| RT AFT PLB 6ACT/Bl PURGE 2
V59X4565X|{ RT AFT PLB 6ACT/B2 OPEN
V59X4515X| RT AFT PLB 6ACT/B2 CLOSE
V59X4615X| RT AFT PLB 6ACT/B2 PURGE 1
V59X4715X| RT AFT PLB 6ACT/B2 PURGE 2
V59X3855X| LFT AFT VENT 8&9 ACT/B1 OPEN
V59X3805X| LFT AFT VENT 8&9 ACT/Bl CLOSE
V59X3905X}] LFT AFT VENT 849 ACT/B1 PURGE
V59X3865X| LFT AFT VENT 8&9 ACT/B2 OPEN
V59X3815X| LFT AFT VENT 8&9 ACT/B2 CLOSE
V59X3915X| LFT AFT VENT 8&9 ACT/B2 PURGE

O = O O = O O O = O O 0O = O O O - O O O - O
D = 00 -~ 0O 0O 0 = 0O 0O 0 = O 0O O = O o oo O
— O = O = - O i pt et O = 2 emm O e e = O
—_ O et e O e = O e e O O e e = O

STATE |
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MEASUREMENT OUTPUT FROM VENT DOORS MODEL - TABLE 2
MEASUREMENT 1.C. VALUE 1 VALUE 2 VALUE 3
9 MEASUREMENT NAME FS crsl  ES CIs ! FS CTs| Fs cTS UNLTS
f | v59x4855X| RT AFT VENT 889 ACT/B1 OPEN 0 0 1 1 STATE
E V59X4805X | RT AFT VENT 8&9 ACT/B1 CLOSE 1 1 0 0
| vs9xa905x | RT AFT VENT 889 ACT/B1 PURGE 0 0 1 1 |
| v59X4865x | RT AFT.VENT 849 ACT/B2 OPEN. 0 0 1 1 V
| vsoxasisx| RT AFT VENT 889 ACT/B2 CLOSE 1 1 0 0 g
l V59X4915X | RT AFT VENT 889 ACT/B2 PURGE 0 0 1 1
. | V59%4055x | RT FWD 182 ACT/B1 OPEN 0 0 1 1 1
| | v59X4005X | RT FWD 182 ACT/B1 CLOSE 1 1 0 0
b | v59xa105X | RT FWD 182 ACT/B1 PURGE 0 0 1 1
H~ V59X4065X | RT FWD 142 ACT/B2 OPEN 0 0 1 1
| v59x4015x | RT FWD 182 ACT/B2 CLOSE 1 1 0 0
V59X4115X | RT FWD 182 ACT/B2 PURGE 0 0 1 1
| V59X3055X | LFT FWD 162 ACT/BL OPEN 0 0 1 1
- V59X3005X | LFT FWD 182 ACT/B1 CLOSE 1 1 0 0
‘ V59X3105X | LFT FWD 182 ACT/B1 PURGE 0 0 1 1
| vs9x3065X | LFT FWD 182 ACT/B2 OPEN 0 0 1 1
| V59X3015X { LFT FWD 1&2 ACT/B2 CLOSE 1 1 0 0 t
V59X3115X | LFT FWD 142 ACT/B2 PURGE 0 0 1 1 3
V59X3255% | LFT PLB/WING 3ACT/B1 OPEN 0 0 1 1
V59X3205X | LFT PLB/WING 3ACT/B1 CLOSE 1 1 0 0
V59X3265X | LFT PLB/WING 3ACT/B2 OPEN 0 0 1 1
V59X3215X | LFT PLB/WING 3ACT/B2 CLOSE 1 1 0 0 v‘
V59X4255X | RT PLB/WING 3ACT/B1 OPEN 0 o) 1 1 STATE
¥
3
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MEASUREMENT QUTPUT FROM VENI DOORS MODEL-TABLE 2

MEASUREMENT I.C. VALUE 1 VALUE 2 VALUE 3
I. D. MEASUREMENT NAME s Tl 5 ol 5 Tal s ITasl i
V59X4205X | RT PLB/WING 3ACT/B1 CLOSE 1 1 0 0 STATE
V59x4265X | RT PLB/WING 3ACT/B2 OPEN 0 0 1 1
V59X4215% | RT PLB/WING 3ACT/B2 CLOSE 1 1 0 0
V59X3355X | LFT PLB/WING 487 ACT/B1 OPEN 0 0 1 1
V59X3305X | LFT PLB/WING 4&7 ACT/B1 CLOSE 1 1 0 0
. | V59X3365X | LFT PLB/WING 447 ACT/B2 OPEN 0 0 1 1
- | vs9x3315x | LFT PLB/WING 487 ACT/B2 CLOSE 1 1 0 0
; V59X4355X | RT PLB/WING 4&7 ACT/B1 OPEN 0 0. 1 1 )
. |1 V59X4305X | RT PLB/WING 4&7 ACT/B1 CLOSE 1 1 0 0
V59X4365X | RT PLB/WING 447 ACT/B2 OPEN 0 0 1 1
V59X4315X | RT PLB/WING 447 ACT/B2 CLOSE 1 1 0 0
V59X3455X | LFT PLB/WING 5ACT/B1l OPEN 0 0 1 1
- | V59X3405X | LFT PLB/WING 5ACT/B1 CLOSE 1 1 0 0 )
| v59X3465X% | LFT PLB/WING 5ACT/B2 OPEN 0 0 1 1
1 v59X3415X | LFT PLB/WING 5ACT/B2 CLOSE 1 1 0 0
V59%4455% | RT PLB/WING SACT/Bl OPEN 0 0 1 1
V59X4405X | RT PLB/WING SACT/B1 CLOSE 1 1 0 0
V59X4465X | RT PLB/WING SACT/B2 OPEN 0 0 1 1
V59X4415X | RT PLB/WING SACT/B2 CLOSE 1 1 0 0 STATE
it
(.._'..;
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APPENDIX C

ET UMBILICAL DOORS
NAS MATH MODEL REQUIREMENTS
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1. INTRODUCTION

The GN&C Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these models
are termed "non-avionic" models since they do not simulate the Shuttle's
"avionic" systems. The "non-avionic" models are needed to supply data for
on-board software processing and to respond to Shuttle commands , whether
they be from cockpit switches, the General Purpose Computers (GPC's) or the

Non-Avionic Simulator (NAS) console.




2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed
in table 1 to produce values for the output measurements listed in table 2
that simulate the operation of the ET Umbilical Doors.

2.1 MATH MODEL DESCRIPTION

This model simulates the functions of the ET Umbilical Doors, namely: OPEN,
CLOSED, LATCHED, RELEASED, LOCKED, and STOWED. The doors seal Orbiter
umbilical penetrations following ET separation to ensure a unified heat
shield for entry.

2.2 STS UNIQUE REQUIREMENTS

This model is not required for STS.

2.3 GTS UNIQUE REQUIREMENTS

This model is required for GTS only.




3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model. The
section s divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

NORE




3.2 LOGIC FLOW DIAGRAM

The logic flow diagram {is made up of interconnected lines, boxes, decisions,

and offpage connectors. Notice that where analog measurements are listed in

boxes and decisions, the value inside the box is in flight systen enqincering
units (FSEU) while the corresponding model count value is listed outside the
box. For example, the box on the right hand below;

MODEL -1

visP1OOA = SiG[44o|visprooAa= 66
vdsTioIA *~-162[a35|vésTII01A® ~— 35
vd5THoTA & - 166|Q Q1| VasTNOTA®: ~ 10T
Vi5TIOAA » ~167|283 |vdsTit0qa> =139

11oA: 511 4 |ydspwiDA= JSO)

oPpur £

sWwL,

which is equivalent to 534

shows that V45P1100A is set equal to 626 FSg,
MODEL .15 Shown outside the box.
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4. TABLES

4.1 INPUT STIMULI LIST :

Table 1 contains a 1ist of all model input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked “SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

Both GND commands req'd to open valve.

FIt. System CMDS to STS or GTS NAS.

Unigue to GTS - stimulus: from NAS Kybd to GPC

GND commarids only - no onboard switch or GPC CMDS.
Will be entered at NAS Kybd for GTS.

Power connections are not identified by MML no.
Pseudo entered by operator at DCM or NAS kybd.
Conn-pin designation uses same MML ID as line above.
Both switch commands req'd to open valve.

W 00 ~N Oy ot W N -

Both GPC commands req'd to opeh valve.

-t ed b
N - O
. L] .

Stimulus provided by other model.

These commands are mutually exclusive.
Stimuli from MMES, for GTS NAS only.
Flioht System commands to STS NAS only.
Flight System commands to GTS NAS only.

-—r ot
o W
[ - L]

c-1




4.1.2 VARIABLE INITIALIZATION

The following stimuli are initialized as follows:

INITIAL
MML ID. CONDITION

o

V56K3000E
3005E
4000E
4005E
3600E
3610E
3620E
3630E
4600E
4610E
| 4620E
4630E

= 2= I =K~ I~ I~ B -~ T = R = =
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PAGE 1
- TABLE 1 - STIM  .PUT FOR UMB DOORS o
PANEL/ NAS SOURCE
NOMENCLATURE NOTES|{ MML ID. STATE
SWITCH MDM | CONN-PIN
| R2/548 ET UMB DOOR LATCH 1 STOW CMD 1A 2 VS6K1200X |FAO1 | J06-013 |1-STOW/0-STOW |
_, 18 1201X  |FAO1 | J08-026 j
2A 1210%  |FAO2 | J06-013
28 1211X  |FAO2 | J08-026 N
i ET UMB DOOR LATCH 1 LOCK CMD 1A 1250 [FAO1 | J06-015 |1-DPLY/0-DPLY
18 2 | 1251x |FAO1 | J08-013 |
2A | 1260X |FAO2 | J06-015 f
: \% 28 1261 |FAO2 | J08-013 v
E : | . ET UMB DOOR LATCH 2 STOW CMD 1A 1300X |FAO4 | J06-013 |1-STOW/O-STOW
18 2 1301X  |FAO4 | J08-026
' o 2A 1310x |FA03 | J06-013
= y 28 1311X  [FA03 | J08-026 v
ET UMB DOOR LATCH 2 LOCK CMD 1A 1350 |FAO4 | J06-015 [1-DPLY/0-DPLY
| 18 2 1351X [FAO4 | J08-013
2A 1360x |FAO3 | J06-015
2 1361X |FAO3 | J08-013 v
R2/549 ET LF UMB CLS-OUT DR OPN CMD 1 5 | | 3000 1-0PN/0-0PN
| OPN CMD 2 3005€ l
l CLOSE CMD | 2 3100x  |Fao1 | Jos-o10 1-cus/o0-TS
| CLOSE CMD 2 3105x  |FAO3 | J06-010 L
R2/S51 ET RT UMB CLS-OUT DR OPN CMD 1 5 4000E 1-0PN/0-0PN
» b OPN CMD 2 4005t l
- :
a
|
;,




TABLE 1 - STIMULI 'PUT FOR UMB DOORS PAGE  of 2
: R
= PN NOMENCLATURE NotEs| ML 1D, | MAS SOURCE STATE
MDM | CONN-PIN
‘ R2/S51 ET RT UMB CLS-OUT DR CLOSE CMD 1 2 V56K4100X FAO4| J06-010]1-CLS/0-CLS
E (cont) - CLOSE CMD 2 4105x | Fa02| J06-010 J
| R2/$50 ET LF UMB CLS-OUT DR LATCH CMD 1A 3500X | FAO1| J06-017|1-LCH/0-LCH
1B 2 3510X FAO1| J08-017
2A 3520X FAO4| J06-017
2B 3530X FAO4| J08-017 ¥
ET LF UMB CLS-OUT DR REL CMD 1A 3600F 1-REL/0-REL
18 5 3610E
2A 3620E
2B 3630E \L
o R2/552 ET RT UMB CLS-0OUT DR LATCH CMD 1A 4500X FAO3| J06~017|1-LCH/0-LCH
> -' 1B 2 4510X FAO3| J08-017
J/ 2A 4520X FAO2] J08-017
28 4530X FAO2] J06-017 v
ET RT UMB CLS-OUT DR REL CMD 1A 4600E : 1-REL/0-REL
18 5 4610
2A 4620€
28 \, 4630E _ N




' ]
4.2 OQUTPUT MEASUREMENT LIST i

Table 2 1ists all model outputs along with the inital condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. indicates initial
condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and-
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS.  For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.

%‘
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MEASUREMENT OUTPUT FROM ET UMB MODEL - TABLE 2

D - ot A = A

S TR g T

MEASUREMENT I.C. VALUE 1 VALUE 2 VALUE 3 i
1. D. MEASUREMENT NAME = ol e Tesl s sl Fs Iois UAITS

V56X1205X | ET UMB DOOR LATCH 1 STOWED 1 0 0 1 1 STATE
V56X1215X| ET UMB DOOR LATCH 1 STOWED 2 0 ] 1 1

V56X1255X | ET UMB NOOR LATCH 1 LOCKED 1 0 0 1 1

V56X1265X] ET UMB DOOR LATCH 1 LOCKED 2 0 0 1 1

V56X1305X| ET UMB DOOR LATCH 2 STOWED 1 0 0 1 1

V56X1315X| ET UMB DOOR LATCH 2 STOWED 2 0 0 1 1

V56X1355K| ET UMB DOOR LATCH 2 LOCKED 1 0 0 1 1

V56X1365X| ET UMB DOOR LATCH 2 LOCKED 2 0 0 1 1 ;
V56X3010X| ET LF UMB CLOSEQUT DOOR OPEN 1 1 1 0 0 !
V56X3015X]| ET LF UMB CLOSEOQUT DOOR OPEN 2 1 1 0 0 |
V56X3110X| ET LF UMB CLOSEOUT DOOR CLOSED 1 0 0 1 1

V56X3115X| ET LF UMB CLOSEOUT DOOR CLOSED 2 0 0 1 1

V56X3550X|{ ET LF UMB CLOSEQUT DOOR LATCHED 1 0 0 1 1

V56X3560X| ET LF UMB CLOSEOUT DOOR LATCHED 2 0 0 1 1

V56X3650X| ET LF UMB CLOSEOUT DOOR RELEASED 1 1 1 0 0

V56X3660X| ET LF UMB CLOSEOUT DOOR RELEASED 2 1 1 0 0

V56X4010X| ET RT UMB CLOSEOUT DOOR OPEN 1 1 1 0 0

V56X4015X| ET RT UMB CLOSEOUT DOOR OPEN 2 1 1 0 0

V56X4110X| ET RT UMB CLOSEOUT DOOR CLOSED 1 0 0 1 1

V56X4115X| ET RT UMB CLOSEOUT DOOR CLOSED 2 0 0 1 1

V56X4550X{ ET RT UMB CLOSEOUT DOOR LATCHED 1 0 0 1 1

V56X4560X| ET RT UMB CLOSEOUT DOOR LATCHED 2 0 0 1 1

V56X4650X{ ET RT UMB CLOSEOUT DOOR RELEASED 1 1 1 0 0
V56X4660X! ET RT UMB CLOSEOUT DOOR RELEASED 2 1 1 0 0 STATE i

[
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1. INTRODUCTION

The GN&C Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these models
are termed "non-avionic" models since they do not simulate the Shuttle's
"avionic" systems. The "non-avionic" models are needed to supply data for
on-board software processing and to respond to Shuttle commands, whether they
be from cockpit switches, the General Purpose Computers (GPC's) or the Non-
Avionic Simulator (NAS) console.

D-1




2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli 1isted
{n table 1 to produce values for the output measurements listed in table 2

that simulate the operation of the ET SEP PYROS.

2.1 MATH MODEL DESCRIPTION

This model simulates the functions of the ET/Orbiter Forward Separation Pyro,
namely: ARM and FIRE. The rear separation pyros are not part of this model
because they exist in the Mission Events Controller (MEC) in the Flight

System.

2.2 STS UNIQUE REQUIREMENTS

This model is not. required for STS.

2.3 GTS UNIQUE REQUIREMENTS

This model is required for GTS only.:




( 3. MATH MODEL LOGIC

3

This section presents the logic which is the basis for the math model. The
] section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

g

3.1 GTS PREPROCESSOR LOGIC

NORE
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R
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected 1ines, boxes, decisions,

and offpage connectors. Notice that where analog measurements are listed in

boxes and decisions, the value inside the box §s in f1ight system enqincering
units (FSEU) while the corresponding model count value is 1isted ouiside the
box. For example, the box on the right hand below;

L

vispinooh = S16[44o|visprooAr 6| 534
visTioIA =-162]a35|visTiiciA ~ 85 [44Q
vdsTioTA = - 166|291 vdsTnOTA® ~107|35%
visTioqA = -167]283 vdsTi10dar ~139|3Q |
¢ 1oAs S11| 4 |vdspinidAz 150]48 |

shows that VASP1100A is set equal to 626 ’FSEU which is equivalent to 534

noocLCTS shown outside the box.
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NOTE: Pyro math model output of Pyro System A is also routed to the 3FS to
satisfy Pyro System B interface with the BFS.




4. TABLES

4.1 INPUT STIMULI LIST

Table 1 contains a list of all model input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input ¢timuli shown in the column marked nGYSTEM CONN-PIN“.
The final cnlumn indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

Both GND commands req'd to open valve.

F1t. System CMDS to STS or GTS NAS.

Unique to GTS - stimulus from NAS Kybd to GPC.

GND commards only - no onboard switch or GPC CMDS.
Will be entered at NAS Kybd for GTS.

tions are not jdentified by MML no.

at DCM or NAS Kybd.

ame MML 1D as line above.

o W Ny~
..‘l

6. Power connec
7. Pseudo entered by operator
. Conn-pin designation uses s
9. Both switch commands req'd to open valve.
10. Both GPC commands req'd to oper valve.
11. Stimulus provided by other model.
12. These commands are mutually exclusive.
13. Stimuli from MMES, for GTS NAS only.
14. Flight Systcm commands to STS NAS onlv.
15. Flight System commands to GTS NAS only.
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TABLE 1 - STIMULI INPUT FOR E¥ PAGE. 7 |
PANEL/ i |
SWITCH NOMENCLATURE NOTES| ™ML ID. NAS SOURCE STATE |
C3A7/S3 ET/URB FWD SEP ARM CMD 2 V76K69098 MEC 1 1-ARM/ 0-ARM
C3A7/S4 ET/ORB FWD SEP FIRE 1 CMD 2 V76K6913B MEC 1 1-FIRE/O-FIRE
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4.2 QUTPUT MEASUREMENT LIST

Table 2 1lists all model outputs along with the inital condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. indicates initial

condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and*

VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS. For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.

e
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E MEASUREMENT OUTPUT FROM ET >:P MODEL - TABLE 2
- VALUE 1 K=1] VALUE 2 Kk=2| VALUE 3  K=3
| |MEASUREMEN I.C. (HOMINAL (HI/LOW) (OFF) —
*y76V70798| ET/ORB FWD PIC SEP A CAP VOLT 0 0 5 {1023 vDC

4

i

% *NOTE: This measurement uses the range limit conversion method of calculating FSEU . )
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FIGURES

Figure

1 Orbiter part of main propulsion system
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1. INTRODUCTION
This model simulates those functions of the Main Propulsion System (MPS) com-
ponents that are in the Orbiter, namely valve positions, system pressures, and

system temperatures. To simplify the model, only those component functions
needed to support testing of the Shuttle Avionics System are provided.

E-1
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2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed
in table 1 to produce values for the output measurements listed in table 2
that simulate the operation of the MPS. Figures 1 and 2 are simplified
schematics of the Orbiter portion of the MPS and are included in this
requirements document for reference.

2.1 MATH MODEL DESCRIPTION

The helium supply pressures (HE1, HE2, HE3, and HE4) are used to establish
the pressure levels in the helium system. These pressures are transmitted
to the Flight System as well as used in the model to determine if pneumatic
valves can or cannot be activated.

The valves in the model are of three types: normally open, normally closed,
and latching. The ncrmally open valve remains open unless there is pneumatic
pressure and a close comand present in which case the valve closes. The
normally closed valve remisins closed unless there is pneumatic pressure and
an open command present in which case the valve opens. The latching valve
remains in either the open or close state depending on its last command,
unless there is preumatic pressure and a command for it to go to its opposite
state. These three types of valve actions are shown in the logic flow chart
routines titled, Normally Open Valve Routine (NOVR), Normally Closed Valve
Routine (NCVR). and Latching Valve Routine (LVR).

2.1.1 HELIUM SUPPLY PRESSURE

A mission phase dependent variable in the Orbiter portion of the MPS is
helium supply pressure. To avoid complexity in the model, the change of
helium pressure to account for the operation of pneumatic valves and engine
purging was not incorporated into the flowchart logic. Instead, it is
intended that the test operator transmit new pressure values to the model at

| ]
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appropriate times. A suggested set of pressure values for a nominal mission
are as follows:

PHASE PRESSURE_VALUE (PSIA)
Prelaunch 2,000
Launch 4,000
Orbit 1,500
Reentry 1,000
Landing 500

Accounting for pressure usage during the mission is more for data realism
than to satisfy avionics test requirements. The helium supply pressure
might just as well remain fixed at 4,000 psia.

2.1.2 MODEL INITIALIZATION

The initial conditions column in the measurements table indicates the state
of the model prior to configuring for LH2 and LO2 fill operations and is

for reference only. The output measurement values of the model shall reflect
the state of the input stimuli when the model is made active.

2.1.3 TIMERS

Two timers called "COUNTER" and "KOUNTER" are used in the LO2 and LH2 manifold
pressure subroutines. The timers provide a delay before manifold pressures
are set to zero. This simulates the time interval during which 20 psig

helium pressure is forcing residual liquid propellants out of the manifolds
following external tank separation.

The timer )imits are LDT (LO2 Dump Time) and HDT (LHZ Dump Time) which are
initialized, but may be changed by the fest operator.

2.1.4 FLAGS

The variable in the flow diagram named TST is a unique type of variable since
it's function is to convey which part of the flow diagram applies to the

STS configuration and which part applies to the GTS configuration. TST is

not to be implemented in the model, but is to be interpreted by the implementer
as to which paths of the flow diaqrar arc uniaue to S7S and which naths are

unique to GTS.

5
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Logic flows unigue to STS are indicated by TST=1, while logic flows unique
to GTS are indicated by TST=0.

Flags or pseudos that are used for purposes internal to the model are defined
as follows:

D - Indicates valve position of the designated valve in the LVR, NCVR,
and NOVR subroutines.

A,B - Indicate valve stimuli for the designated valve in the LVR, NCVR, and
NOVR subroutines.

D1 thru D13 - Indicates the latching valve position for:

D LO2 Feed Disconnect Valve

D2 - LH2 Feed Disconnect Valve

D3 - LH2 Recirculation Disconnect Valve
D4 - LO2 Outboard Fill and Drain Valve
D5 - LO2 Inboard Fill and Drain Valve
U6 - LH2 Outboard Fill and Drain Valve
D7 - LH2 Inboard Fill and Drain Valve
D8 - Engine 1 LOZ Prevalve

DS - Engine 2 LO2 Prevalve

D10 - Engine 3 LO2 Prevalve
D11 - Engine 1 LH2 Prevalve
D12 - Engine 2 LH2 Prevalve
D13 - Engine 3 LH2 Prevalve

2.1.5 MPS PROPELLANT DUMP SIGNALS

Following Main Engine Cut-Off or External Tank separation, an LO2 signal, an
LH2 signal, and an RTLS signal are needed by the Vehicle Dynamics Math Models
to compute the changes in vehicle forces and mass properties while MPS
residual propellants are discharged overboard. The three signals are generated
in the MPS math model and are identified as follows:

LO20P LO2 DUMP SIGHA.

LH20P LH2 DUMP SIGNAL
RTLSDP RTLS DUMP SIGNAL
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A state of (1) indicates a dump is in progress. These signals will be output
by the MPS model and will be transmitted to the VDS math models.

2.1.5 [INITIAL CONDITIONS

Note that iaitial conditions for STS are the same as those listed for GTS;
see GTS PREPROCESSOR LOGIC.

2.2 STS UNIQUE REQUIREMENTS

2.2.1 PREVALVE INHIBIT

In order to properly configure the logic flow diagram for STS, the value
for the variable named TST should be 1.

2.2.2 EXTERNAL INPUTS AND OUTPUTS

The model receives stimuli from three sources: (1) the Flight System; (2)

the Marshall Mated Elements Simulator (MMES); and (3) the test operator.

The model transmits parameter values to the Flight System and the MMES.

Tables 1 and 2 1list the input stimuli and the output measurements, respectively.

The model generates three engines ready for firing discretes (one per engine)
which are transmitted to the MMES as a valve status signal prior to engine

firing.

2.3 GTS UNIQUE REQUIREMENTS

2.3.1 PREPROCESSOR LOGIC

The MPS math model was originally written for the STS simulator. The math
model input stimuli symbols referred to the Togic flow diagram, Section 3.2,
are ATA Reference connector and pin numbers. Due to the lack of flight
hardware circuitry in the CTS simulator, logic functions that bridge the gap
between the payload MDM's ard the MPS are required in a GTS preprocessor in
order to evaluate values for the input stimuli coming from the GPC prior to
execution of the model.
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2.3.2 PREVALVE INHIBIT

In order to properlv corfigure the logic flow diagram for GTS, the value
for tae variable named TST should be 0. A subroutine called Engine

Prevalve Routine (EPR) was added to the math model to accommodate the Main-
stage stimuli provided by the Flight System in GTS. The Mainstage stimuli
prevent closing of the engine prevalves while the engine is ignited.

2.3.3 DISCRETE STIMULI MONITORING

The following discrete stimuli from the Flight System are not used in the GTS

Togic flow diagrams but are to be displayed to the NAS console operator for
monitoring:

MHML NUMBER NOMLCNCLATURE

V41K1700X REPLACE LH2 ULLAGE PRESS XDCR #1
V41K1701X REPLACE LH2 ULLAGE PRESS XDCR #2
V41K1702X REPLACE LH2 ULLAGE PRESS XDCR #3
V41K1750X REPLACE L02 ULLAGE PRESS XDCR #
V41K1751X REPLACE L02 ULLAGE PRESS XDCR #2
V41K1752X REPLACE LO2 ULLAGE PRESS XDCR #3

2.3.4 EXTERNAL INPUTS AND OUTPUTS

The mede? receives stimuli from two sources: (1) the Flight System; (2) the

test operator. Tables 1 and 2 list the input stimuli and the output measure-
ments, respectively.

Discrete stimulus K50P721-A shall be generated by the Mon-Avionic Simulator
(NAS) console operator to simulate a ground command to the LH? RECIRC PUMPS
during prelaunch checkout. In STS this signal comes from the flight system.

o e



3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

The basic input stimuli to the model are identified by ATA reference system
connector-pin (CP) numbers. A logical combination of one or more MML numbers
is used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished via hardware circuitry. However,
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and MML must be effected by software. The following
logical equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML to be combined by

the logical product (AND) and the inclusive logical sum (OR). In these
instances, "AND" denotes the logical product and "OR" denotes the inclusive

logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column lists the input stimuli initialization values required.
Notice that inputs containing an entry for SOURCE do not have an initializat
value, since they are updated at the GTS simulator cycle rate by the scurce

connection.

E-9

ion




i GTS MATH MODEL STIMULI - MPS

A MML TO_CONN-PIN CONVERSION LOGIC Page 1 of 7

i g }
b SYSTEM SOURCE INITIALIZATION VAL

E REFER TO FLOW V41K1119X | FAO3 J06 001

\ DIAGRAM

E WHICH FOLLOS, VA1K1119E | (NAS) J21 A

: FOR CONN-PIN  V41KI120X } FAOT | J06 001

LOGIC. V41K1120E | (NAS) | J21 B
varkn21x | Fao2 Jo6 001
VAIKI121E | (NAS) | J21 ¢
va1K1122x | FA03 J06 001
VAIK122E | (NAS) | J21 D
va1K1123x | FAOT J06 009
VAIK1123E | (NAS) | 021 €
vaiki2ax | rao2 JO6 009
VAIK1124E | (NAS) | J21 F
V41K1125X | FAOI JO6 016
V41K1126X | FAO2 J06 016
VAIK1136X | FAO3 Jo6 025
VAIKI136E | (NAS) | J20
V4IK1137X | FROI Jo6 025
VAIKII37E | (NAS) | J20 4
VA1K1138X | FAO2 J06 025
VAIKI138E | (NAS) | J20 e
V41K1139X | FAO3 Jo6 018
VAIKI139E | (NAS) | J20 i
Va1K1140X | FAO1 | J06 018 ;
VAIKIT40E | (NAS) | J20 ¢
VAIK1141X | FAO2 J06 018
VAIKTT41E | (NAS) | J20 h
VAIK1155E | (NAS) | a14 N

Va1K1156E | (nAs) | 014 R
) T
) p

e S HMRRENRE b 10§ oty Aot 51 0

VAIKT157E | (NAS J14

VATK1165E | (NAS J14

VA1K1166E | (NAS) Ji4 S
*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICAL MML ID's ARE TO BE SUPPLIED BY PROGRAMMER.
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GTS MATH MODEL STIMULI - MPS
MML TO CONN-PIN CONVERSION LOGIC

Page 2 of 7 f

-+

SYSTEM SOURCE*

? CONN-PIN MML 1D MDW/NAS| CONN/PIN INITIALIZATION VALUES
REFER TO FLOW V41KI167E | (NAS) | 14 U
DIAGRAM

‘ KHICH FoLLows, V41K1219x | FA01 | J08 001

3 FOR CONN-PIN ~ va1K1219€ | (mAs) | 921 @

¥ LOGIC. vaiki2zox | Fao2 | g08 om
varK1220E | (vas) | 921 W
vari221x | Faos | Jos 001
va1k1221e | (vas) | 921 9 )
varkizezx | Fao1 | 08 009
varK1222e | (was) | 21 K
varki22ax | Fao2 | go8 009 -
vatki223e | (nas) | o211 L
vaiki22ax | FRoa | Jo8 009

VAIK1224E | (NAS) | J21 M 4
V41K1225X | FAO2 | J08 016 i
va1K1226x | FAO3 | g0 016 ;
V41K1236X | FADY | J08 025 3

V41K1236E | (NAS) J20 i
V41K1237X | FAOZ2 Jog 025
Y41K1237€ | (NAS) J20  j
V41K1238X | FAO3 Jog 025
V41K1238E | (NAS) J20  k
V41K1239X | FAOT Jog 018
V41K1239E | (NAS) J20 m
V41K1240X | FA02 Jog 018
VAIK1240E | (iAS) J20 n
V41K1241X | FAO3 Jog 018
VAIK1241E | (NAS) J20 p
V41K1255E | (NAS) Jid v
V41K1256E | (NAS) Jia X
V41K1257E | (NAS) J1ia 7z

Bt M s e .t e

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
; **ARTIFICAL MML ID's ARE TO BE SUPPLIED BY PROGRAMMER.
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GTS MATH MODEL STIMULI - MPS Page 3 Of 7 :
MML TO CONN-PIN CONVERSION LOGIC i

"
.

SYSTEM SOURCE*
CONN-PIN MML 1D MDM/NAS|  CONN/PIN

REFER TO FLOW V4IKI265E | (NAS) | J14 W
o LLows, VatKizese | (Nas) | na v
FOR CONN-PIN = V41K1267E | (NAS) | 014 a
LOGIC. va1ki1319x | Fa02 | 08 099
VaIRIZ1E | (Nas) | 21 W
V41K1320X | FAO4 | J08 099
VAIKI320E | (NAS) | 921 P ,
va1Ki321x | FROT | J08 099
VaIKI321E | (NAS) | J21 R
varkizzax | Faoz | Jos 109 .
vatkiz2ze | (ws) | 21 s
va1K1323x | FAOa | J08 109
VaIKI323E | (NAS) | J21 T
varkizeax | Fao1 | o8 109
vaikizzee | (nas) | 91w
va1K1325x | FAoa | Jos 116
va1K1326X | FAO1 | 08 116
va1k1336x | FR02 | o8 115
VaT1K1336E | (nas) | g20 g
va1K1337x | FRoa | o8 115
Va1KI337E | (NAS) | 320 x
va1K1338X | FAO1 | J08 115
VaIKI338E | (NAS) | J20 s
va1K1339x | FAO2 | 08 097
VaTK1329€ | (nAS) | 20t
va1k1340x | FRO4 | 08 097
vaik1340e | (nas) | 920w
var13ax | Fro1 | 08 097
valk13a1E| (nas)| g20 v
VAIKI3SSE| (NAS)| 314 b

INITIALIZATION VALUES

-

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICAL MML ID's ARE TO BE SUPPLIED BY PROGRAMMER.
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GYS MATH MODEL STIMULI - MPS

MML_TO CONN-PIN CONVERSION LOGIC

Page 4 of 7

..

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.

SYSTEM . SOURCE*
CONN-PIN  MML ID MDM/NAS|  CONN/PIN INITIALIZATION VALUES
REFER TO FLOW V41K1356E | (NAS) | J14 d
RhCh FoLLows, VAIKIISZE | (NAS) | Ju4 ¢
FOR CONN-PIN  V41K1365E | (NAS) | J14 ¢
LOGIC. VAIK1366E | (NAS) | 914 e
VA1K1367E | (NAS) | J14 g
V41K1391X | FA02 Jog 110
V41K1391E | (NAS) | 920 T
V41K1393X | FAO2 Jo8 098
VAIK1393E | (NAS) | J20 U
V41K1401X | FAQ2 Jog 031
VAIKI401E | (NAS) | 920 v
V41K1402X | FAO3 Jog 031
V41K1408E * 0
V41K1411x | FAO} J06 021
V41K1412X | FAO Jog 021
VAIKI412E | (NAS) | J20 ¥
V41K1413X | FAO3 Jo6 032
V41K1414X | FAO4 J06 032
V41K1415X | FAO2 J06 032
V41K1416X | FAO3 Joe 021
V41K1417X | FAO4 Joe 021
V41K1418X | FAD2 J0o6 021
V41K1421X | FAC4 J06 009
V41K1422x | FAO4 J06 031
VAIKI431E | (NAS) | J20 G
VA1K1432F * 0
V41K1435X | FAQ1 Joe 027
V41K14356 | (NAS) | J20 E
V41K1437X | FAD2 Joe 027
VA1K1443E | (MAS) | J21 2

**ARTIFICAL MML ID's ARE TO BE SUPPLIED BY PROGRAMMER.

et .




¥

GTS MATH MODEL STIMULI - MPS
MML TO CONN-PIN CONVERSION LOGIC

Page 5 of 7

- SYSTEM SOURCE *
CONN-PIN MML 1D MDM/NAS|  CONN/PIN

REFER TO FLOW  V41K1447% | FAO3 J08 008
DIAGRAM

WHICH FOLLOWS, VA1K1447E | (NAS) J21 b
FOR CONN-PIN V41K1448X | FAO4 | J08 008

LOGIC. vaIKiaese | * i

INITIALIZATION VALUES

V41K1501X | FAO1 Jog 018
VA1K1501E | (NAS) J20 P v
V41K1502X | FAO4 Jog 031
V41K1512X | FAO2 J08 105
VA1K1512E | (NAS) J20 S

V41K1515X | FAO4 Jog 018
VA1K1515E | (NAS) J20 N

V41K1518X | FAO4 Jog 025
VAI1K1518E | (NAS) Jeo M

V41K15821X | FAO3 Jog 032
V41K1522X | FAO4 J08 032
V41K1523X | FAO2 Jog 032
V41K1524X | FAO03 Jog 021
V41K1525X { FAOQ4 Jog 021
V41K1526X | FAQ2 Jog 021
V41K1531E | (NAS) J2o €

V41K1532E * 0
V41K1535X | FAO3 Jog 027
VAIK1535E | (NAS) J20  E

VA1K1537X | FAO4 Jog 027
V41K1543E | (NAS) J2r v

V41K1547X | FAO2 J08 008
V41K1547E | (NAS) J21 X

V41K1548X 1 FACI J0o8 008
V41K1584X | FAO3 Jog 106

) S . SN N, o e e s e

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICAL MML ID's ARE 10 BE SUPPLIED BY PROGRAMMER.
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GTS_MATH MODEL STIMULI - MPS

Page 6 of 7

MML_TO CONN-PIN CONVERSION LOGIC

b e

*UNLESS SPECIFIED, STIMULI ARE

TO BE ENTERED BY OPERATOR AT THE NAS KYBD.

SYSTEM SOURCE*
CONN-PIN MML ID MDM/NAS|  CONN/PIN INITIALIZATION VALUES
REFER TO FLOW VAIKI585X | FAO4 | J08 106
DIAGRAM varkissex | FAo2 | Jos 106
WHICH FOLLOWS,
FOR CONN-PIN ~ VAIK1607E [ (NAS) | J14 j
LOGIC. va1ki609E | (NAs) | 914«
varkie1ax | Fro2 | J08 126
varkietse | (vas) | oie
va1ki619E | (NAs) | o184
vaik1700x | FAO1 | Jos o3
vati7ox | FRoz | gos 031
varizo2x [ Fao3 | Jos 031
varizsox | Faol | Jo8 125
va1k1751x | Fao2 | Jos 125
varki7s2x | FA0s | Jo8 125
va1ki81sx | FAO1 | J08 122
vaikisiex | Fao3 | o8 122
vaikiszsx | raoz | Jos 122
varkis2ex | FAO4 | Jo8 122
va1k1905x | FAO3 | Jos 105
vaikioo6x | FAos | J08 016
va1k1907x | FAOY | Jog 105
varki9osx | Fa01 | Jos o016
vark1913x | FAO3 | Jo8 098
vark191ax| FROs | Jo8 098
vatk1915x | FA01 [ Jo8 098
varioeax| rao3 | gos 110
vark192ax| Faos | g08 110
vark192sx| raor | gos 110
varknissx| raor | 007 o029
varkiisex| FRo2 | 007 029
vaik11s7x| FAO3 | 007 029

**ARTIFICAL MML ID's ARE TO BE SUPPLIED BY PROGRAMMER.

il .




GTS MATH MODEL STIMULI - MPS
MML_TO CONN-PIN CONVERSION LOGIC

Page 7 of 7

SYSTEM ' SOURCE*
CONN-PIN MML 1D MDM/NAS|  CONN/PIN

INITIALIZATION VALUES

REFER TO FLOW  V4IK1162% | FAOT | Jo7 014
oHie FoLLaws, VAIK1I6ZE | (NAS) | 14 A
FOR CONN-PIN = va1K1163X | FAoz | 407 007
LOGIC. VAIK1I63E | (NAS) | 314 ¢
vatk1esx | A1 | 307 o024
VIKTT68E | (NAS) | 14 B
VAIKTI69E | (NAS) | 914 D
Va1K1255X | FAOz | J07 016
VAIK1256X | FAO4 | J07 016
va1K12s7x | FAO1 | Jo7 016 -
vatkizex | Faoz | Jo7 014
V4IKI262E | (NAS) | 914 €
V4IK1263X | FAO3 | J07 007
VAIKI263E | (NAS) | 14 G .
va1K1268x | FRO2 | J07 024
va1kizege | (Nas) | 914 F
VaIK1269E | (NAS) | 914w
VaT1K1355X | FAO3 | JO7 009
Va1K1356X | FAO1 | J07 009
va1K1357X | FRO2 | J07 009
VaIK1362X | FAO3 | J07 014
va1k1362e | (NaS) | 914 0
vaIK1363x | FAY | 007 007
VAIKI363E | (Nas) | 914 L
va1K1368x | FAO4 | J07 024
valk1368E | (vAS) | 14
VAIKI369E | (NAS) | 014 M
va1K1607% | FAO1 | J07 o028
va1K1608K | FAO4 | J07 029
VAKITIN |+ 0

*UNLESS SPECIFIED, STIMULI ARE TC BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICAL MML ID's ARE TO BE SUPPLIED BY PROGRAMMER.
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are lisied in

units (FSEU) while the corresponding model count value is listed ouiside the
box. For example, the box on the right hand below;

4qolvispiooa= 626|534

(1]
wn
(2

vi¢sP1nooA
vi5T1HOI1A =~ 162{a85 | VisTII0IA= - 35 |44Q
vd5THOTA = - 166|391 VésTO1A: ~107|35%
YsT1OoA = -167|A83 [ vdsTi104a> -139(|3Q1

VasPinbAz 15048 |

"
\1
3

<2

lvéseitioA

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
MODELCTS shown outside the box.

boxes and decisions, the value inside the box is in flight system enanincering
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4. TABLES

4.1 INPUT STIMULI LIST

Table 1 contains a list cf all modeliinput stimuli. The first column shows

the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the “NOTES" column are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked “SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

Both GND commands req'd to open valve.

F1t. System CMDS to STS or GTS NAS.

Unique to GTS - stimulus from NAS Kybd to GPC.

GND commards only - no onboard -witch or GPC CMDS.
Will be entered at NAS Kybd for GTS.

Power connections are not jdentified by MML no.
Pseudo entered by operator at DCM or NAS Kybd.
Conn-pin designation uses same MM 1D as line above.
Both switch commands req'd to open valve.

Both GPC commands req'd to open valve.

Stimulus provided by other model.

These commands are mutually exclusive.

13. Stimuli from MMES, for GTS NAS only.

14. Fliaht System commands to STS NAS only.

15. Flight System commands to GTS NAS only.

—
.

:DP\IO"U“@NN

-t ot b
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VARIABLE

4.1.2 PSEUDO VARIABLE INITIALIZATION

The following pseudos are initialized as follows:

INITIAL
CONDITION

HE1
HE2
HE3
HE4
Lot
ADT

4052
4198
3998
4101
25
37
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« TABLE 1 - STIMULI

0 MPS MODEL

PAGE 1 of ‘9“"”’

PANEL/
SWITCH

NOMENCLATURE

NOTES

MML 10.

SYSTEM
CONN-PIN

-y

STATE

R4/514

ENG 1 LHZ2 PRE-VLV OPEN

V4IK1119X
1119¢E
1120X
1120€
121X
1121E

K50P700-A

1-0PN/0-0PN

ENG 1 LH2 PRE-VLV CLOSE

1122X
1122E
1123X
1123E
1124X
1124E

K50P701-A

1-CLS/0-CLS

R4/S11

ENG 1 LO2 PRE-VLV OPEN

1136X
1136E
1137X
1137t
1138X
1138E

K50P709-A

.-

1-0PN/0-0PN

ENG 1 LO2 PRE-VLV CLOSE

1139X
1139€
1120X
11408
1141X
Y 1141

K50P710-A

1-CLS/0-CLS




« TABLE 1 - STIMULI:

UT TO MPS MODEL

PAGE 2 of 10

PANEL/
SWITCH

NOMENCLATURE

NOTES

MML ID.

SYSTEM
CONN-PIN

STATE

R4/515

ENG 2 LH2 PRE-VLV OPEN

V41K1219%
1219E
1220X
1220€
1221X
1221E

K50P703-A

1-0PN/0-0PN

ENG 2 LH2 PRE-VLV CLOSE

1222X
1222E
1223X
1223E
1224X
1224E

K50P704-A

1-CLS/0-CLS

R4/S12

ENG 2 LO2 PRE-VLV OPEN

1236X
1236€
1237
1237€
1238X
1238€

K50P712-A

1-0PN/0-0PN

ENG 2 L0O2 PRE-VLV CLOSE

1239%
1239t
1240X
1240E
J 1241X
1241E

K50P713-A

1-CLS/0-CLS




~ -
S . JTABLE 1 - STIMULI ~ [0 MPS MODEL

PAGE 3 of

........

‘ S

PANEL/ SYSTEM
SWITCH NOMENCLATURE NOTES|  MML ID. CORN-PIN STATE

R4/S16 ENG 3 LH2 PRE-VLV OPEN V41K1319X | KS50P706-A 1-0PN/0-OPN

1319€ -
2 1320X
1320€
1321X
1321€ ¢

ENG 3 LH2 PRE-VLV CLOSE , 1322X K50P707-A 1-CLS/0-CLS
| 1322
h | | S 1323X
- 1323€
1324X
1324€

R4/513 ENG 3 LO2 PRE-VLV OPEN 1336X K50P715-A | 1-0PN/O-OPN
1336E
2 1337
1337E | ;
1338X 1 [g
1338E :

- ENG 3 LO2 PRE-VLV CLOSE 1 1339 | K50P716-A 1-CLS/0-CLS

| 1339€ | SR
2 1340X
1340€
1341X
1341E

£6-3

PR TR ey




¥a-3

JTABLE 1 - STIMULT  “UT TO MPS MODEL PAGE 4 of 10,
PANEL/ , SYSTEM
SWIToH NOMENCLATURE NOTES MML 1D. CONN-PIN STATE
R2/S55 ENG 1 HE SPLY ISOL VLV 1 OPEN Y41K1155X K50P767-A 1-0PN/0-0PN
2 1165E
ENG 1 HE SPLY ISOL VLV 1 CLOSE 1165E 1-CLS/0-CLS
R2/S12 ENG 1 HE SPLY ISOL VLV 2 OPEN 1156X% K50P768-A 1-0PN/0-0PN
1156E
2 1157x
1157E
ENG 1 HE SPLY ISOL VLV 2 CLOSE 1166E 1-CLS/0-CLS
1167E
R2/556 TMG 2 HE SPLY ISOL VLV 1 OPEN 1255X K50P770-A 1-0PN/0-0OPN
2 1255E
ENG 2 HE SPLY ISOL VLV 1 CLOSE 1265E 1-CLS/0-CLS
R2/S13" ENG 2 HE SPLY ISOL VLV 2 OPEN 1256X K50P771-A 1-0PN/0-0PN
2 1256E
1257X
1257E
ENG 2 HE SPLY ISOL VLV 2 CLOSE 1266E 1-CLS/0-CLS
1267E
R2/557 ENG 3 HE SPLY ISOL VLV 1 OPEN 2 1355X K50P773-A 1-0PN/0-0PN
1355€
ENG 3 HE SPLY ISOL VLV 1 CLOSE V' 1365E 1-CLS/0-CLS
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PAGE 5 of 10
s TABLE 1 - STIMULI © o, TO MPS MODEL (

PAN
e NOMENCLATURE NOTES|  MML ID. ORI STATE

R2/S14 ENG 3 HE SPLY ISOL VLV 2 OPEN V41K1356X K50P774-A 1-0PN/0-0PN
1356E
2 1357X
1357E

ENG 3 HE SPLY ISOL VLV 2 CLOSE 1366E 1-CLS/0-CLS
v 1367t

6¢-3

R2/59 ENG 1 HE I/C "IN" VLV OPEN V41K1162X K50P86-A 1-0PN/0-CLS
1162E
1163X
1163E

ENG 1 HE 1/C "OUT" VLV OPEN | 1168 KS0P766-A
' 1168E ;
1169E i

R2/S10 ENG 2 HE 1/C "IN" VLV OPEN 1262X K50P87 -A 1-0PN/0-CLS
' 1262E
1263X
1263E

ENG 2 HE I/C "OUT" VLV OPEN 1268X K50P769-A
1268E
1269E

R2/S11 ENG 3 HE I/C "IN" VLV OPEN : 1362X K50P8R-A 1-0PN/0O-CLS :
2 1362E |

L 1363X !
_1363E
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3
TABLE 1 - STIMILI I 7T TO MPS MODEL PAGE 6 of 10
PANEL/ SYSTEM
it NOMENCLATURE NOTES| MML ID. CONNP IN STATE
R2/S11 ENG 3 HE I/C "OUT" VLV OPEN V41K1368X K50P772-A 1-0PN/0-CLS
cont. 2 1368E
1369€
R2/S54 ENG 2 HE PNEU XOVR VLV GPN 1613X K50P89-A 1-0PN/0-CLS
2 1613E
V16198
R2/$15 PNEU HE SPLY ISOL VLV 1 OPEN V41K1607X K50P775-A 1-0PN/0-CLS
1607E
2 1608X
PNEU HE SPLY ISOL VLV 1 CLOSE 1609E
PNEU HE SPLY ISOL VLV 2 OPEN 1607X K50P776-A 1-0PN/0-CLS
) 1607E
1608X
.PNEU HE SPLY ISOL VLV 2 CLOSE 1609E
(NONE ) L02 POGO ACCUM VLV 1 CLOSE 2 1815X K50P729-A 1-CLS/0-0PN _
1816X
LO2 POGO ACCUM VLV 2 CLOSE 2 1825X K50P731-A 1-CLS/0-OPN
1826X
(NONE) LO2 OVBD BLEED VLV CLOSE 2 1584 K50P733-A 1-CLS/0-0PN
1585X
v 1586X
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PAGE 7 of 1
“TABLE 1 - STIMULT 1 .. .0 MPS MODEL
PANEL/ SYSTEM
SWITCH NOMENCLATURE NOTES|  MML ID. CONN-PIN STATE
R4/S6 LO2 OTBD FILL VLV OPEN 2 V41K1518X K50P734-A 1-0PN/0-CLS
1518¢
L02 OTBD FILL VLV CLOSE 2 1515X K50P735-A 1-CLS/0-0PN
1515E
R4/S7 L02 INBD FILL VLV OPEN 1501X K50P737-A 1-0PN/0/CLS
2 1501E
1502X
LO2 INBD FILL VLV CLOSE 2 1512X K50P738-A 1-CLS/0-0PN
1512E
R4/S9 LH2 TOPPING VLV OPEN 2 1411 K50P740-A 1-0PN/0O-CLS
LH2 TOPPING VLV CLOSE 5 1408E
LH2 INBD FILL VLV OPEN 1401X KS0P742-A 1-0PN/0-CLS
2 1401E '
1402X
LH2 INBD FILL VLV CLOSE 2 1412X K50P743-A 1-CLS/0-0PN
1412€
LH2 HI POINT BLEED VLV OPEN 5 1465€ K50P795-A 1-0PN/0-CLS
R4/S8 LH2 OTBD FILL VLV OPEN 2 1391X K50P745-A 1-0PN/0-CLS
1391E
LH2 OTBD FILL VLV CLOSE 2 1393X K50P746-A 1-CLS/0-0PN
Vv 1393t
oot —— h ‘ e — J—

e




. TABLE 1 - STIMULI.

PUT TO MPS MODEL

PAGE 8 of 0

PANEL/
SWITCH

NOMENCLATURE

NOTES

"ML ID.

SYSTEM
CONN-PIN

STATE

(NONE)

LH2

FEED RTLS OTBD VLV OPEN

V41K1913X
1914X
1915X

K50P748-A

1-0PN/0-CLS

LH2

FEED RTLS INBD VLV OPEN

1923x
1924%
1925X

K50P750-A

1-0PN/0-CLS

R4/S17

Lo2

RELIEF SHUT-OFF VLV CLOSE

1547X
1547E
1548X

Lo2

RELIEF SHUT-OFF VLV OPEN

1543E

K50P752-A

1-CLS/0-0PN

R4/518

LH2

RELIEF SHUT-OFF VLV CLOSE

1447 X
1447E
1448X

LH2

RELIEF SHUT-OFF VLV OPEN

1443E

K50P754-A

1-CLS/0-0PN

(NONE)

Lo2

FEED DISC VLV OPEN

1521X
“1522X
1523X

K50P756-A

1-0PN/0-CLS

Loz

FEED DISC VLV CLOSE

1524X
1525X
1526X

K50P757-A

1-CLS/0-0PN

(NONE)

LH2

FEED DISC VLV OPEN

1413X
Vo 1414X

K50P759-A

1-0PN/O-CLS
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JABLE 1 - STIMULI ! 0 MPS MODEL
PANEL/ SYSTEM
i) NOMENCLATURE NOTES|  MML ID. CORNPIN STATE
(NONE) LH2 FEED DISC VLV QPEN 2 | va1K1415X | K50P759-A 1-0PN/G-CLS
LH2 FEED DISC VLV CLOSE 2 1416X | K50P760-A 1-CLS/0-O0PN
1417X
1418X
(NONE) LH2 RECIRC DISC VLV OPEN 2 1421x | K50P762-A 1-0PN/0-CLS
LH2 RECIRG DISC VLV CLOSE 2 1422 | K50P763-A 1-CLS/0-0PN %
R4/S2 LH2 MANIFOLD REPRESS VLV 1 OPEN 2 1435X | K50P779-A 1-0PN/0-CLS |
1435E
LH2 MANIFOLD REPRESS VLV 2 1431E
LH2 MANIFOLD REPRESS VLV 2 1437x | K50P780-A 1-0PN/0-CLS
LH2 MANIFOLD REPRESS VLV 5 1432€
R4/S1 LO2 MANIFOLD REPRESS VLV 2 1535X | K50P781-A 1-0PN/0-CLS
1535€
LO2 MANIFOLD REPRESS VLV 2 1531F
LO2 MANIFOLD REPRESS VLV 2 OPEN 2 1537X | K50P782-A 1-0PN/0-CLS
LO2 MANIFOLD REPRESS VLV 5 1532E
(NONE) RTLS REPRESS VLV 1 OPEN 2 1905 { K50P790-A 1-0PN/0-CLS
1907X
RTLS REPRESS VLV 2 OPEN 2 1906 | K50P791-A 1-0PN/0-CLS
¥ 1908x
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PAGE 10 of °N

TABLE 1 - STIMULI | T TO MPS MODEL
PANEL/ SYSTEM
SWITCH NOMENCLATURE NOTES| MML ID. CORN-PIN STATE
|

(NONE ) LH2 RECIRC PUMP VLV OPEN 4,5 1 ya1K1111M K50P721-A 1-0PN/0-CLS

{(NONE ) PNEL HE SUPPLY PRESS HE1 0/5000 PSIA
ENG 1 HE SUPPLY PRESS 7 HE2 0/5000 PSIA
ENG 2 HE SUPPLY PRESS HE3 0/5000 PSIA
ENG 3 HE SUPPLY PRESS HE4 0/5000 PSIA

(NONE ) 602 FLCY CONTROL VLY - ENG 1 14 K50P792-1 1-MIN/O-MAX
G02 FLOW CONTROL VLV - ENG 2 93-1 1 -MIN/G-MAX
GO2 FLOW CONTROL VLV - ENG 3 94-1 1-MIN/O-M2X
GH2 FLOW CONTROL VLV - ENG 1 87-1 1-MIN/O-MAX
GH2 FLOW CONTROL YLV - ENG 2 88-1 1-MIN/G-MAX
GH2 FLOW CONTROL VLV - ENG 3 v 89-] 1-MIN/0O-MAX

(NONE ) ENG 1 PRE-VLY INHIBIT CMD A 15 | v41K1125X 1-INHIE/O-TNRTB
ENG 1 PRE-VLV INHIBIT CMD B 1126X
ENG 2 PRE-VLV INHIBIT CMD A 1225X
ENG 2 PRE-VLY INHIBIT CMD B 126X
ENG 3 PRE-VLV INHIBIT CMD A 1325X
ENG 3 PRE-VLV INHISIT CMD B L 1320X Y

H | 4

(NOKE ) LO2 DUMP TIME 7 LDT 0/500 SEC

LH2 DUMP TIME 7 HDT 0/590 SEC




4.2 OUTPUT MEASUREMENT LIST

Table 2 Tists all model outputs along with the inital condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. 1.C. indicates inftial
condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and*
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS.  For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.




MEASUREMENT OUT

FROM MPS MODEL - TABLE 2

MEASUREMENT I.C. VALUE 1 VALUE 2 VALUE 3 ﬁ
1. 0. MEASUREMENT NAME - o T ey = UNITS
*y41P1100C| ENG 1 LH2 INLET PRESS 0 ol 12 53 32 164 22 113| PSIA
52 266
*V41TI101C| ENG 1 LH2 INLET TEMP -423 286 | -405 1023 DEGF
V41X1108X| ENG 1 LH2 PRE-VLV OPEN - A 1 1 0 0 STATE
VAIX1105E] ENG 1 LH2 PRE-VLV CLOSED 0 0 1 1 STATE
V41X17106X| ENG 1 LH2 PRE-VLV OPEN - B 1 ] 0 0 STATE
V41X1109E| ENG 1 LH2 RECIRC VLV OPEN . ] 0 0 STATE
VAIX1110E|  ENG 1 LH2 RECIRC VLV CLOSED 0 0 1 1 STATE
*y41R1115A| ENG 1 LH2 RECIRC PUMP SPEED 11183 572 0 0 RPM
*y41P1130C| ENG 1 LO2 INLET PRESS 0 of 17 sg| 123 419 . PSIA
*y41T1131C|  ENG 1 LO2 INLET TEMP -290 307 | -255 1023 DEGF
V51X1334X]  ENG 1 LO2 PRE-VLV QPEN 1 ] 0 0 STATE
V41X1135E| ENG 1 LO2 PRE-VLV CLOSED 0 0 1 1 STATE
*V41P1150Cf ENG 1 HE SUPPLY PRESS 4198 859 PSIA
*V41P1153A ENG 1 HE I/F B 762 780 32 33 PSIG
*V41P1154 ENG 1 HE I/F A 752 769 22 23 PSIG
*y41P1200C|  ENG 2 LH2 INLET PRESS 0 of 14 72 38 |175 24 123| PSIA
54 276
*y417T1201C|  ENG 2 LH2 INLET TEMP -419 450! -405 1023 DEGF
V41X1204x]  ENG 2 LH2 PRE-VLV OPEN - A 1 1 0 0 STATE
V41X1205E] ENG 2 LH2 PRE-VLV CLOSED 0 0 ] 1 STATE
v41X1206X| ENG 2 LH2 PRE-VLV OPEN - B 1 1 0 a STATE
V41X1209E ENG 2 LH2 RECIRC VLV OPEN 1 1 0 0 STATE
V41X121060  ENG 2 LH2 RECIRC VLV CLOSED 0 0 1 1 STATE

*NOTE: This measurement uses the range limit conversion method of calculating FSEU'

3
»




'MEASUREMENT OQUTPUT ::«IM MPS MODEL - TABLE 2

MEASUREMEN] I.C. VALUE 1 VALUE 2 VALUE 3 ;
. D. MEASUREMENT NAME T Toad  Tenl 5 Tl 5 Tl
*V41R1215A| ENG 2 LH2 RECIRC VLV PUMP SPETD 1202 |s573] 0 0 RPM
*V41P1230C| ENG 2 LO2 INLET PRESS 0 of 19 65| 150 |512 PSIA
, *Y41T1231C| ENG 2 LO2 INLET TEMP -286 | 389| -255 1023 DEGF
t V41X1234X | ENG 2 L02° PRE-VLV OPEN 1 1 0 0 STATE
i v41x1235€ | ENG 2 LO2 PRE-VLV CLOSED 0 0, 1 1 STATE
F *V41P1250C| ENG 2 HE SUPPLY PRESS 3998 | 818 PSIA
; *V41P1253A| ENG 2 HE I/F B 764 7821 34 35 PSIG
b | *v41P1254A] ENG 2 HE 1/F A 754 M| 2 25 PSIG
L | *V41P1300C)| ENG 3 LH2 INLET PRESS 0 ol 16 g2 | 26 133 36 185 | PSIA
56 |286 _
*Y41T1301C| ENG 3 LH2 INLET TEMP =413 | 696 -405 1023 DEGF
V41X1304X| ENG 3 LH2 PRE-VLV OPEN - A 1 1 0 0 STATE
i VA1X1305E| ENG 3 LH2 PRE-VLV CLOSED 0 of 1 1 STATE
| V81X1306X| ENG 3 LH2 PRE-VLV OPEN - B T 1| .o 0 STATE
V41X1309€| ENG 3 LH2 RECIRC VLV OPEN 1 1 0 0 STATE
| V41X1310E| ENG 3 LH2 RECIRC VLV CLOSED 0 of 1 1 STATE
{ *V41R1315A| ENG 3 LH2 RECIRC PUMP SPEED 11222 574 0 0 RPM
' | *v41P1330C| ENG 3 LO2 INLET PRESS C of 21 72| 174|593 PSIA
{ | *va1T1331C| ENG 3 LO2 INLET TEMP 279 | s32) -255  |1023 DEGF
; V41X1334X| ENG 3 LO2 PRE-VLV OPEN 1 1 0 0 STATE
: V41X1335E| ENG 3 LO2 PRE-VLV CLOSED 0 of 1 1 STATE
{

——————— e m — —

i
* *NOTE: This measurement uses the range limit conversion method of calculating FSEU.
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MEASUREMENT OUTPL

FROM MPS MODEL - TABLE 2

MEASUREMENT 1.C. VALUE 1 VALUE 2 VALUE 3
1. D. MEASUREMENT NAME - il s ol 55 ol Fs Ters UNITS
*y41P1350C | ENG 3 HE SUPPLY PRESS a101  |839 PSIA
*V41P1353A | ENG 3 HE I/F B 766 (788 | 36 |37 PSIG
*Va1P1354A | ENG 3 HE I/F A 756 |7731 26 |27 PSIG
VAIX1388E | LH2 OTBD FILL VLV OPEN 0 0 ] 1 STATE
v41x1389X | LH2 OTBD FILL VLV CLOSED ] 1 0 0 STATE
VA1X1409E | LH2 INBD FILL VLV OPEN 0 0 1 1 STATE
V41X1410X | LH2 INBD FILL VLV CLOSED 1 1 0 0 STATE
V41X1419E | LH2 RECIRC DISC VLV OPEN ] 1 0 0 STATE
*V41T1428A | LH2 FEED MANIFOLD DISC TEMP 428 | 82| -405  fo23 DEGF
V41X1429X | LH2 FEED DISC VLV OPEN 1 1 0 0 . STATE
Va1x1430x | _ LH2 FEED DISC VLV CLOSED - A 0 0 1 1 STATE
*xV41P1433C | LH2 ENG MANIFOLD PRESS 55 [se3| 15 |1s3| 20 208 25 |256 | PsIA
V41X1434X | LH2 FEED DISC VLV CLOSED - B 0 0 1 1 STATE ||
V41X1442E | LH2 FEED LINE RLF SHUT-OFF VLV CLOSED 0 0 1 1 STATE -
V41X1453E | LH2 TOPPING VLV OPEN 1 1 0 0 STATE
V41X1456X |  LH2 TOPPING VLV CLOSED 0 0 1 1 STATE
V41X14686 | LH2 HI POINT BLEED VLV OPEN 1 1 0 0 STATE |
VATX1469E |  LH2 HI POINT BLEED VLV CLOSED 0 0 1 1 STATE |
v41X1509x |  LO2 INBD FILL VLV CLOSED 1 1 0 0 STATE
vaIX1510E | LO2 INBD FILL VLV OPEN 0 0 1 1 STATE |
Va1X15136 |  LO2 OTBD FILL VLV OPEN 0 0 1 1 STATE
v41X1514x| 102 OTBD FILL VLV CLOSED 1 1 0 0 STATE |

i




MEASUREMENT OUTPUT FR.

‘s MODEL - TABLE 2

+THESE PSEUDO QUTPUTS DO NOT APPLY TO GTS.

MEASUREMENT I.C. VALUE 1 VALUE 2 VALUE 3
1. D. MEASUREMENT NAME ” i Tl Fs e T
*VA1T1528A L02 FEED MANIFOLD DISC TEMP -298 143 -255 11023 DEGF
V41X1529X LO2 FEED DISC VLV OPEN 1 1 0 0 STATE
V41X1530X% L02 FEED DISC VLV CLOSED - A 0 0 1 1 STATE
*V41P1533C LO2 ENG MANIFOLD PRESS 155 529 20 68 0 0 PSIA
V41X1534X L02 FEED DISC VLV CLOSED - B 0 0 1 1 STATE
V41X1542E L02 FEED LINE RLF SHUT-OFF VLV CLOSED 0 0 1 1 STATE
V41X1580X L02 OVBD BLEED VLV CLOSED - A 1 ] 0 0 STATE
V41X1581X L02 OVBD BLEED VLV CLOSED - B 1 ] 0 0 ~ STATE'
V41X1587E L02 OVBD BLEED VLV OPEN 0 0 1 1 STATE
*V41P1600A PNEU VLV HE SUPPLY PRESS 4052 829 " PSIA
*V41P1605A PNEU HE REG OUT PRESS 758 775 28 29 PSIG
V41X1811X L02 ACCUM RECIRC VLV 1 OPEN 1 1 0 0 STATE
V41X1818E LO2 ACCUM RECIRC VLV 1 CLOSED 0 0 1 1 STATE
V41X1821X L02 ACCUM RECIRC VLV 2 OPEN 1 1 0 0 STATE
V41X1828E L02 ACCUM RECIRC VLV 2 CLOSED 0 0 1 1 STATE
V41X1919X LH2 RTLS OTBD DRAIN VLV CLOSED 1 1 0 0 STATE
V41X1929X LH2 RTLS INBD DRAIN VLV CLOSED 1 1 0 0 STATE
+VGH1 ENG 1 GH2 FLOW CONTROL VLV POSN - LO 0 0 1 1 STATE
+VGH2 ENG 2 GH2 FLOW CONTROL VLV POSN - LO 0 0 1 1 STATE
+VGH3 ENG 3 GH2 FLOW CONTROL VLV POSN - LO 0 0 1 1 STATE
1 +VGO1 ENG 1 GO2 FLOW GONTROL VLV POSN - LO 0 0 1 1 STATE
,11+VG02 ENG 2 GO2 FLOW CONTROL VLV POSN - LO 0 0 1 1 STATE
1 +v603 ENG 3 GO2 FLOW CONTROL VLV POSN - LO 0 0 1 1 STATE
© *NOTE: This measurement uses the range limit conversjan method of calculating FSEU‘
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MEASUREMENT QUTPUT FROM S MODEL - TABLE 2

MEASUREMENT I.C. VALUE 1 VALUE 2 VALUE 3

1. D. MEA ] UNITS
EASUREMENT NAME £S ' CTS £S CIS FS CTS FS CTS

+VE] ENG 1 PLUMBING READY DISCRETE 0 0 1 1 STATE

+VE? ENG 2 PLUMBING READY DISCRETE 0 0 1 1 { STATE

+VE3 ENG 3 PLUMBING READY DISCRETE 0 0 1 1 STATE
LO2DP LO2 DUMP SIGNAL 0 0 1 1 STATE
LH2DP LH2 DUMP SIGNAL 0 0 1 ] STATE
RTLSDP RTLS DUMP SIGNAL G 0 1 1 STATE

+ THESE PSEUDO OUTPUTS DO NOT APPLY TO GTS.
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APPENDIX F

FUEL CELL/CRYO MATH MODEL REQUIREMENTS
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1. INTRODUCTION

The FC/CRYO system provides the Orbiter with electrical power and can be
divided into two major systems, 1) the fuel cell power plants where

reactants are converted into electrical energy, and 2) the reactant storage
and distribution system where reactants are stored in a cryogenic state,

then heated to a gas and supplied to the fuel cell power plants. Gaseous
oxygen is also provided for the Environmental Control and Life Support

System (ECLSS) as well as potable water, 2 by-product of the fuel cell

energy reaction. Figure 1 is a simplified schematic of the FC/CRYO system.
Hydrogen and oxygen tanks 4 are not planned for use in STS-1 or STS-2 flights.
Consequently only tanks 1, 2 and 3 are simulated in the math model, and tank
4 is shown in dashed lines in figure 1 for reference purposes. There are three
fuel cells although figure 1 shows only one for clarity. Each fuel cell has
a water coolant loop to transport heat from heat exchangers. To improve the
performance of the fuel cells, ourge valves are provided to flush impurities
overboard. The purge operation may be performed manually or automatically

by the GPC but nust be initiated by the crew. Each fuel cell has a power
rating of 2 to 7 KW continuous duty, or 12 KW peak duty for not more than

15 minutes. Output voltage is 28 to 32 volts DC.

F-1
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2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed in
Table 1 to produce values for the output measurements listed in Table 2 that
simulate the operation of the FC/CRYQ subsystem.

2.1 MATH MODEL DESCRIPTION

The FC/CRYO flow diagram begins with the cryogenic system and ends with the

fuel cell system.

2.1.1 LATCHING VALVE ROUTINE (LVR)

To simplify the logic, a subroutine called LVR is used repetitively to determine
the position of the various latching valves in the system. If a valve OPEN
command is received, an internal variable "A" is set to 1. If a valve CLOSE
command is received, an internal variable "B" is set to 1. The LVR then
checks the values of A and B and sets 2 third variable "V", to 1 or O,
indicating an OPEN or CLOSED valve, respectively. The value of "V" is then
used to set the output measurement which indicates the position of the valve.
If Soth an OPEN and a CLOSE command are received due to error, i.e. "A" and
"B poth = 1, the LVR will not set “y* and the output measurement indicating
the valve's position will remain unchanged from its previous value. The
same is true when neither an OPEN or CLOSE command is received.

2.1.2 INTERNAL VARIABLES

The internal variables used in the flow diagram are described below along

with their state definition.

F-3
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NAME
FLAG

op

HP

Vi
V2
V3
V4
V5
V6
V7
V8
V9
vVio
Vil
vie
Vi3
Vi

FUNCTION

Indicates the state of 02 preussure on
the fuel cell coolant accumulator.

Indicates the state of 02 pressure at
fuel cell 3 supply valve inlet.

Indicates the state of H2 pressure at
fuel celi 3 supply valve inlet.

Represents an OPEN command in the Latch-
ing Valve Routine (LVR).

Represents a CLOSE command in the Latch-
ing Valve Routine (LVR).

Indicates the valve position in the
Latching Valve Routine (LVR).

02 GSE supply val.2 position.
H2 GSE supply valve position.
02 isolation valve 1,

02 isolation valve 2.

H2 isolation valve 1,

H2 isolation valve 2.

02 ECLSS supply valve 1,

02 ECLSS supply valve 2.

FC 1 02 reactant supply valve.
FC 1 "2 reactant supply valve.
FC 2 02 reactant supply valve.
FC 2 HZ reactant supply valve.
FC 3 02 reactant supply valve.
FC 3 H2 reactant supply valve.

2.1.3 FUEL CELL ROUTINE OVERVIEW

STATE
0 1
PRESS LO  PRESS OK
PRESS LO  PRESS OK
PRESS LO  PRESS OK
OFF ON
OFF ON
CLSD OPN
OPN CLSD
OPN CLSD
CLSD OPN
CLSD OPN
CLSD OPN
CLSD OPN
CLsD OPN
CLSD OPN
CLSD OPN
CLSD OPN
CLSD OPN
CLSD 0PN
CLSD OPN
CLSD OPN

To clarify the fuel cell logic, which extends over several pages, an
overview is provided which depicts the various logic flow paths possible
for an individual fuel cell. The dotted lines on the overview define page

boundaries.

Output measurement values shown in the overview are for

information only. The detailed logic for a specific fuel cell designates

the required output measurement values.

o . i al . o




2.1.4 INPUT PSEUDOS FROM THE OPERATOR KEYBOARD

Three pseudos (L1, L2 and L3) are used as operator inputs to the FC/CRYO
mod:1. These inputs permit the model to simulate 02 and H2 flow rates that
occur when the fuel cells are either ON-LINE and supplying BUS power, or are
OFF-LINE on standby or off.

ON-LINE, O = OFF-LINE
ON-LINE, O = OFF-LINE
ON-LINE, O = OFF-LINE

1Y represents FC1, and 1
L2 represents FC2, and 1
L3 represents FC3, and 1

2.1.5 INITIAL CONDITIONS

Note that initial conditions for STS are the same as those listed for GTS;
see GTS PREPROCESSOR LOGIC.

2.2 STS UNIQUE REQUIREMENTS

Since fuel cell substitutes are actually providing the vehicle power during
SAIL tests, it is necessary that the DCM operator signal the FC/CRYO model
when a particular fuel cell is supposed to be supplying power. This allows
the proper 02 and HZ2 flow rates to be determined. The actual current flowing
in the vehicle busses is not visible to the math model, so when a fuel cell
is simulating supplying power, the 02 and H2 flow rates provided by the model
will be either at their maximum or minimum value, depending on whether or

not a purge is in progress. This prevents vehicle software from calculating
an erroneous position for the 02 and H2 purge valves. There is no position
indication measurement on the purge valves so flight software monitors the
total reactant flow (provided by the model) and subtracts a calculated amount
based on the current in the bus (provided by the fuel cell substitutes).

Tiis difference will the: irdicate the purge valve is open or closed.

The heaters in the 02 and H2 cryogenic tanks are controlled by a three
position switch: 1-0ff, 2-AUTO, 3-ON, and by a heater controller. The

math model does not know the position of the switch. The math model will

see only power or no power to the heaters as provided by the heater controller,




Using a tank pressure value that is less than the low 1imit will cause the
heater controller to provide power whenevcr the switch is in AUTO or ON.

When no power is supplied, the switch will be assumed OFF and the tank pressure
value will then reflect a heaters OFF condition.

2.3 GTS UNIQUE REQUIREMENTS

2.3.1 PREPROCESSOR LOGIC

The FC/CRYO math model was originally required in the STS simulator. The
math model input stimuli symbols referred to in the lcgic flow diagram,
section 3.2, are ATA Reference connector and pin numbers. Due to the

lack of flight hardware circuitry in the GTS simulator, logic functions
that bridge the gap between the payload MDM's and the fuel cell subsystem
are required in a GTS preprocessor in order to evaluate values for the
input stimuli coming from the GPC prior to execution of the model. This is
the case for the HZ/02 Purge Heaters command, the Fuel Cells 1, 2, 3 02
Purge Valve Open conmands, and the Fuel Cells 1, 2, 3 H2 Purge Valve Open
commands. See section 3.1 for a listing of the required logic functions.

2.3.2 FUEL CELL CURRENT AND VOLTAGE

Fuel cell current and voltage are not provided by facility fuel cell
cubstitute units as in the §TS. These parameters are required to support
the FC Purge special processes in the GPC. Rather than add these parameters
to the FC/CRYO model in GTS and make it different from the one in STS, FC
current and voltage are provided as part of the SWITCH model.

L
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3. MATH MODEL LOGIC
This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while

the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

The basic input stimuli to the model are identified by ATA reference System
connector-pin (CP) numbers. A logical combination of one or more MmL numbers
is used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished via hardware circuitry. However,
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and MML must be effected by software. The following
logical equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML to be combined by

the logical product (AND) and the inclusive logical sum (OR). In these
instances, "AND" denotes the logical product and "OR" denotes the inclusive

»

logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column lists the input stimuli initialization values required.
Notice that inputs containing an entry for SOURCE do not have an initializatiun
value, since they are updated at the GTS simulator cycle rate by the source

connection.
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PAGE 1 of 4

GTS MATH MODEL STIMULI - FC/CRYO
VML TO CONM-PIN CONVERSION LOGIC

SYSTEM (V45K -om--) SOURCE*
CONN-PIN MML 1D e NI CINITIALIZATION VALUES
K40TB100-KC = 0604Y | PFO2 J07/072
OR 0605Y | PFO2 J07/082
K40TBIO1-KC = 0604Y | PFO?2 J07/072
OR 0605Y | PFO2 J07/082
KA0P862-D = 0815Y | PFOI J05/117
AND 0816Y | PFOI J05/115
K4OP862-E = 0815Y | PFOI J05/117 5
AND 0816Y | PFOI J05/115 4
K40P372-D = 0825y | PFDI J07/072
AND 0826Y | PFOI J07/082
K4OP872-E = 0825 | PFOI J07/072
AND 0826Y | PFOI J07/082
K4OP882-D = 0835y | PFO?2 J05/117
AND 0836Y | PFO2 J05/115
KA0P88Z-E = 0835Y | PFO? JO5/117
AND 0836Y | PFO2 J05/115
K40P862-B = VAS5KO109E 1 |
872-B = 0209 1 |
882-B = 0300" 1 |
862-M = 0112E 0 i
872-M = 0212E 0 |
882-M - | 0312F 0 1
862-V = 0180E 0 |
872-V = 0280E 0
882-v = 0380F 0
862-C = 0191E 0
872-C = 0291E 0
y 882-C = Vv 0391 0

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
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PAGE 2 of 4

GTS MATH MODEL STIMULI - FC/CRYOD

MML_TO CONH-PIN CONVERSION LGGIC

SYSTEM (VA5K----- SOURCE*
CONN-PIN MML 1D o CONR/PIN . INITIALIZATION VALUES
KAOTBI1-KC = VASKOGO1E 0
KAOTBI2-KC = | O6OIE 0
K4OP9875-1 = | 1084E 1
75-2 = | 1085E 0
76-1 = | 1086E 1
76-2 = | 1087E 0
K4OP9BST-A = | 113IE 1
K4OP9B31-A = | 1231E 1
KJ5-A = | 1331 1
K4OPIB51-C = | T131E 1
K40P9831-C = | 1231E 1
KJ5-C = v 1331E 1
K4OP9B52-A = VASK1136E 1
KAOP9832-A = | 1236E 1
KJ6-A = | 1336E 1
K40P9852-C = | 1136E 1
K40P9832-C = | 1236E 1
KJ6-C = | 1336E 1
K4OP9871-1 = | 1143E 1
71-2 = | 1144E 0
72-1 = | 148E 1
72-2 = | 1149 0
77-1 = | 1151E 1
78-1 = | MN5IE 1
77-2 = | M52 0
78-2 = | 1152 0
79-1 = | 1156E 1
80-1 = | 1156E 1
79-2 = | 1157E 0
J, 80-2 = y 11SIE 0

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
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PAGE 3 of 4
GTS_MATH MODIL STIMULT - FC/CRYO
F_TO_COMN-PIN CONVERSION LOGIC
SYSTEM (V45K~~--- ) SOQURCE*
_ 4
CONN-PIN MML ID MOM CONN/PIN CINITIALIZATION VALUES

K40P9881-1 = V45K1161E

1

82-1 = 1161E 1

81-2 = 1162E 0

82-2 = 1162E 0

-8 = 2131E 1

¥ 418 = 2231E 1
KJ3-A = 2331E 1
K40P9812-A = 2136E ¢ 1
K40P9842-A = 2236E 1
KJ4-A - 2336E 1
K40P9873-1 = 2239 1
73-2 = 2281F 0

78-1 = 2243¢ 1

o 78-2= y 2285 0
K40P862-F = VA5KI121N 0
72-F = 1124N 0

v 82-F = 127N 0
KA0P9853-A = 1128N 0
9833-A = 1228N 0

J 9520-A = 1328N G
KAOP9BEI-1 = 191N 0
| 9869-2 = 1196N 1
9a13-A = 2128N 0
9843-A = 2228N 0
9547-A = 2328N 0
9870-1 = 2191N 0

V 9870-2 = | 2196N 1
KAOP863-12 = * 1
73-12 = x 1

y 8312 = *x 1

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
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GTS MATH_MODL STIMULT - FC/CRYO
MML_TO CONN-PIN CONVERSION LOGIC

SYSTEM (VA5 ) SOURCE*
CONN-PIN MHML 10 YO CONN/PIN CINITIALIZATION VALUES
KAOPS64-A = ** 1
78-p = %% 1
y BA-A = w 1
KA0P9853-W = ** 1
9833-W = ** ]
9520-W = ** 1
9813-W = ** 1
9843-W = ** 1
V 9547-W = ** ]
2,
5%222%3,
%, Y
Ty ;

**ARTIFICAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,

and offpage connectors. Notice that where analog measurements are listed in

boxes and decisions, the value inside the box is in flight system enaincering
units (FSEU) while the corresponding model count value is listed ouiside the

box. For example, the box on the right hand below;

FSeu

- MODEL g

4 1

vi5P1OOA = 516 [4Y4o|vispiiooa= (6| 53Y
vdsTHotA =~162/a85|visTi01A= ~ 35 [44a
VASTHOTA = - 16C (8l vdsTOTAZ - (07| 3 5%
visTioqA = -167[a88 vdsT1109a= -139(3Q 1
véseirioA= Si1f 4 [VAspnioA: 150]48 |

shows that V45P1100A is set equal to 626 FS
MODELCTS shown outside the box.

EU which is equivalent to 534




Dl b RSP e

SN T Pl L S R
B X

CRYO O TANK |

x

[visquosa =

4
o 51 [vdsarosac: 30]33 [vdsauosAa: 104 ]

1033

T G

F-13

ROUVTINE
. _ PLR LOGIC %
TR 41 fuk <n&oPﬁesi-A\ -
N A ¥ ‘__ﬁ Y ONE HEATER G/ vES POSITIVE
N TENP CONTROL .
HTR A2 PWR
" BOS A - 2) V5P 1110A PRESS PWR YO
XOCLR § SIGNAL AN 1S
commonN IN SC AQ.
c
WTR BI PR (5% B8US R CA)
M 8os ¢ aew
Y 3)VISPIIOOA PRESS REQUIRES
: !N LosS OF MNA AMD tWB
fWR To SC OFl TO
HTR B2 PwWR .
N BOS & <x£oP=qs;sz c.\y - LOSE SIGNAL ,
R
visPnoon = SI16 40| vispriooa: ¢a6| 53Y
vdsT1101A = - 162|Q98 [vesTII01A= - 85 449
V4STHOTA = - 166 (91| VA5 T110TA: - 107 35¢%
VISTIORA = -167a88 | vdsT11034= - 189 (34|
vésP1110A = S11] 4 [VdsPipA: PS50 481
- YO TEST TME MTR COMT
ON-OFF CAPABRILITY
e':s’c:"s | WHEN HTR SW ARE 18
/K4OP?653—> TE AUTO POSM, TOC
NAL_ | CAN INRIBIT THIS
Y PARANETER'S 00TPUT
__ VALOE AND CAN ENTER
SENSOR L\
"T',: € <K&09%53~_A_ ANOTHER VALUE FROM
=Sy THE DCM . THEN THE

ABSENCE OR PRESENCE
OF TR PWR TO THE
MODEL wiLL INDICATE
OPERATION OF THE
TR CONT .,

T R



CRYO O TANK R

€5S BUS v

Eand

Qre
SENSOR,
Cw

' Bcﬁ;‘QBBB-m
N\ = ] i

Yy
. |
AdoPa@a3-A\

\_:_L_/

N

k4

{

ROUTINE
WTR Al PWOR EWR_LoGgic!
MmN 3OS ¢ ~-
1) CNE REATER GIWES POSITIVE
TEMP CONTROL .
“;: 235 po'fg <K4°P‘\33"C ) D) Wsp1210A PRESS PWR TO
=1 Y XOCR. & SIGNAL ANP 1S
"‘ commoN IN SC AR .
WTR Bl PR k&:ﬁm (es> Bus 180)
meeos B8 K . ‘
’_‘__ﬁ 3) v45P1200A PRESS REGUIRES
N LOSS OF ANC AND MNS
S PWR TO &L OF3 TO
TR B2 PwIR
kdopagaz-c LODE BIGMNAL
N eus 8 <1 v = AR
T_/
Y
vA5P1200A = 519 |94a (145 P 1900A: L3k 548
V&5T12014 = -160[Q97|V45TIR01A= - 26 | 45Q
VaSTI20TA= =|GARTS |VASTIROTA: - 16| 34 ¢
V45T 1209A ~161|a98 [VASTIROQA= ~148] 31|
VA5P1210A= 518] ¢ (V45PIRIDAZ 760 5o

Ivisqiao

1
sa=_0]5|) [Y45a1205A=40|4a6 V4520

sA= 104 1033

F-14




g

AT
A

T TR, T TR,
i
—

WTR Al PWR

WTR A2 PWR

—

B el e e

WTR BV PWR Lﬁ
KT¥b-A

=:|._/”

WTR B2 POR
KI6-C
= | /’

[}

i
véspi1acoA = sat (W4
vdsTi301A = -159 |aqq
v45TI307A * 1: b 291
V4sTI309A © - 169 [286
49P1310A = 520] (o

|

(®)

TANK
RooTing

v§sP1300A = Gde
VésT1301A » -11
vigTI307A = 125
:451"30% = -157

550
462
338
301

1

522

!
¥i5a\303A: © |51 [v45ai305A+ 50 |5 Nésaizoza:tod Jieas

UCUINGL Ba ST o
OF Py CUATATY




—

HTR A PWR <@Pqe\\- 8 ‘
= | y

i

L

HTR B PWOR <\<&c?qe\a— AN o
= | y

———————

CRYO HR TANK |

ROUTINE.

PUR, LOGIC:

D IF BITRER A-PUIR OR B - PWR
15 ON , POSITIVE TEN®
CLONTROL .

2) v45P211 0A PRESS PR TO
XOCR % SINAL ANY 1S
CoMtanN N SC AL,

(ESS BUS ACA)

) VESPAN00A PRESS REAUVIKES

LOSS OF MNA AND

MNB FWR TO SCOFY

v&spmoém 145
VAeTalot1Az - 86
visT2107A= - 289

370
i51
147

lvdspatioA=_ 148 )

vA5Pal00A =

visTR107A%

| 18 |

V5P 110 AS

AR0 [563 TO LOSE DIGNAL .

VASTR101AZ = 100366

- 101401
260/735

€5 BOS

Sen s loepa
LN =




. ' CRPO Ha TANK 2
( . ROOTINE

PR LOGIC

) IE emieR &-CWR oR - PWR
. 'S 0N, PosiTVE TEMP

: CONTROL .

L TR A R A P%«%k -—
\ /\ Y 2) VI5P2210A prcss PR o
i’ XDCR # SIGNAL AMP 18

CommoN IN S8 Al
HTR B PR kdobqada-n (tss BUS 1&8cY
< = \ Y - 3 véspazocon PRESS REQUIRES

LESS OF mNB AND

MNC FfwR ToSC OF23 ¥
ﬂshmow 1S0/385 v459aaoom 230 1589 7o Love SiaNAL . 1
VdsTaz201A = - 2 (145 Vs TR201A2 -9 39 i
V4ST"201A- -~aA95044) |y L

\l

STR201A: =GO (4793
Praoh: 15 SPaal A- 2470 /%00

1033

B

e —— e




CRYO H2 TANK 3
ROOTINE

KTR 8 PWR f!_ .
k34 -A -

1

véspazooA: 149 |38 -MstsooA: 240 {614
visTazo1A: -288 149 [vdsT2301A - B3 [387
visTasoTA: 293 [143 |vdsTa307A: -5\ (424

lvd5 p=3108> 150 33 v 10Az 280 |8e3

ponl

Qre SUSR \
e Adordsdt-a\
=\ /S Y
N
]

o |s1 [vdsgasosAar 55 |se1 [vdsaz305A= 105]1023

&




e e i idiabni T s ol i i i S RS2 il

ENTER
LVR

LATCHING YALVE

BUBROVTINE
(LVR)

cm.L LVR
A doPqBeg - |

s=k40Pq8(A- 2
Vv

oPN CmMDd
LS end

[vd5x1195E 2 V1] 02 (o€ Sy YoV

[

CALL VR
Asxioeqgr0-1
8:kioMBT0 - 2

vVYa

OfN CmD

F-19

lygxm%trvzl

CALL LVR
AzxdopagTI-1

B:kdor3gyi -2
v=v3

1
ViSx 1141 € 2v3|

|
CALL LVR
[A=kdopaB T2~
8+Kk40PR872-2
v= vd

visx 1146E=v4]

CALL LVR
Az k40PQ B3 -1
B=xk40MB73-2

V=V5

4
Visx2141Esv5]

Y
CALL WVR
Az kdoPq 814 -1
B:xdopepT4-2
VE Vo

y
V48X 214 6E 2 Vb

HR GSE SV Y.

OPN CMD
LS (D

02 1oL WLy t

OPN CxD
CLs G

0% 1%L VW 2

0PN CMD
Lo Gd

HA 1500 YL |

OPK CmD
LS Ond

K2 1900 VLV 2




|
?
|

CALL VR
Az x40MBTS - |
8:k40MRT5-2

v=VY

exicece=vi]

taLL LVR
A 1doPyBTe -
B=kioPap76-2

YEeVEg

l!ﬁ!‘bi‘betval

CALL. LVR
A= kdopq@TT- {

B=xdoPqp YT-2
XL

Nsx 1150€2vq]

CALL LVR
A3 Kdo PRg 10 - 1
g:kloPieT8 -2

v 2 Y10

l

vdsSx 21 So€:

ofN uvp
LS emo

02 gCLSY SMY WLy !

OfN cmbD
LS tmD

02 ECLIS SMY v 2

OrN CcD
CLs Lo

FC 1 O REAC YLV

OPN cmbd
LS CMD

FC | M2 REAC VLV

CALL LVR
AerdoPag19- ¢

BrréoXp19-2
Vs Vil

lﬂf&llﬁ‘JE’N"l

CALL LVR
At kéoPiB R0 -1
a=kéoPR80 -2

V2 VI

lvdsx2155€=vig

l

CALL LWVR

Arxdopqa@l - |

BzkdoPeger- 2
vz}

[Wsx1160€ = V13

AW LVR

Hgs\domeeaq

B= kéoPipp2-2
y= vi4

{

45X 21 6OEsYI4

OPN CnD
CLS end

FCR O REAC YLV

0PN cmD
LS D

Fea da REAA VW

ORN CAD
©s O

FC3 02 REAC WV

0PN CMD
LS Und

FC3 HA REM- WLV




Wt

g

O

02 Tki PRS
oK

02 &s€
SOPPLY
viv 0PN/ WSx 1195C

e e T R i 5 2T TR L ST

02 _CRYO MANIFOLD
PRESS ROUTINE

ZETYITTIAN

__J/ y ﬁ

-
02 T2 PRS
oK
Y
[W5P11doAs 13581
OfN

02 VSoL

b4

1

02 T3 PRS
oPN v a ) e
Visx 1144E i y
0 “ N 5/2

©

A

3
»
LS
8
>»

00 Yy
N 52

oOPN
vigx)
N -
02 1808 VLV 2
JL@
Y -

"{ GRS

1

!

1 fL_
[seidoA: 799]cer [vASPHON: 194106 [VESPIIAGAZ 185|158 [VA5P 1145811 |92

i

Lane d




HR CRQYO MANIEOLD

)

PRESS ROVUTINE

vy
Ha Pc;se
su
vor o/ Asx 215 B
3 Va4
N
W2 Tl PRe Ha TR PRS Ok
oK vdsP2100A v49 0 2300A
» 175 N > 175 N
Y 44¢ vy Mg
’ -
[vdspaidon=190/d8T vdspaidon = 1421364 [v4sp2id5a=194] 497
: vi5P21ds4: 141]316
] l HRTK | PRS ¢
2 1SoL VW | oK. :——J
: véSP2100A
ofN - Adsxaidie ‘ > \15 /Y
z | N M 8
Ha TK3 PRS
oK.

Yy
Ha fsoL VLy 2
O s xa1deE N o
= | "
Yy

£

vd5p2300A \

15 y
M

HA 1504 YLV
oPN
/vésxa.d€
N N\ = '
y

HA 1IS6L YLy 2
oPN

N

vésxa

1de€
|
Yy

y

[W5p21d5As 194 47 [vispaidsa=1dT)s1e [WIsPadoh = 142364 (v4se2140A = 190|467

Preysanty

T



R TR R e e T

N %

Py W

PART 2

LRV AL ]
2 o 10

NoTE: PMETS L TurD 4 ARE
REPEATED FOR EALH
FUEL CELL BEFORE

LONTIDING TD
PART 5,

[n Roz0| o Fipte
s o3l [n FLot J
] !

5215

| pwrsmec
5

H \0!?

PART 3 §3A

NOTES SEE SPECRIC
FLOWCHART
FOR CORRELT
PARANETER
VALUES

FOEL CELL

ROUTINE
OVERV'E W)




-
1

Bk e

. it R

T R S SIS TR AR S e

HR MANIF
PRS OX

FLO xDCR
PuR
(MN A)

FOEL CELL 1

N

N

VdSRO1OA 2083 ©
vdsRo110A: 139778 [V{sroiT0As0.6Y o

VisROIL0Az0%3 ©

L qun

1
visto181A= 55| 349

visTod1aA: b2
FLAG = O as 8

F-24

ROV TINE
(parT 4)
0A REAL
YLV OPN
Wox 1150E
N\ = | /Y
N
1 02 MAN (P
Vasp idon\PRS oK
N >150 qu
K2 an;. r '
VLV OP -
/vdsxal so§
YN__ = T T

ORIGINAL PAGE 1S
‘AF POOR QUALITY -



VY S AkorBEa-D kdoPgp3- 12 \MNA
N =\ =1 N
Y Y

vdSRO10A =0.3| ©
V4SRo1TOA=O | o

' 02 PORGE
- ViV of
V45R0160A 20| O  |VASROILOA=5.3 |54 /KéoPBL2-D
visroi7oA =0} 0 |V4sRoi10Az © | © =\ _
- - - Y
e N PURGE
. - - NWob
k4ot BLA-E ,
N .
' ’ 1
) 5R01G0Az 5.3 |54R [SRoIL0A= 5.3 |54 [VEi5R0 oAz 2.9 |33 SHiVASROL0AS 4.9
vi5R0170A20.5 |§a9[V45R0170A2 1. 3 |998 [V4SR01T0As ©-5[ 539 [ViSROI0A ). A
t 1. t
* 1 o { ~
VisToi81A= 55 Q&9 . _ . stoeiazno] 4594
vdstodizA: 62|25 8 visTod12A2103 | ¢ 26
FLAG = | FLAG = |

a FoEL Qe A
E o ROUTINE
o (Par:r Y
i na REAL
] VW oorN AldsxaisoE
; =\ Y
4 WL MANIE
EL Yispardon\ PRS O
Y
; FLO XDCR : eLeC WwAd
" PWR b FC
(WA /REOPBE3- 12 m °
' N = N
A4 , Y )
o2 PORGE FLO XBCR



g
F

ROOTINE
(ParT 3)
3
Ei %t.e ADC R
WR,
! N A kdoreed-i
; N
02 PURGE
VLV 0PN
[}
- w2 PURGE
- :l':.nggse VLV OPN
KdoPBL2-E
N = _ =1
——— - ° y y

B E

Wsreieon: 5.3]54a[vdsRo1c0ns 5.3] 54a[Wsroicor =0.8] © [viSROIe0N®
Y45R01T0A= © | o [VASRD1ToA= 1R | 294 |VASRo1T0A 2 1. )18 MSRO1TOAZ

I

WsTolA- 551089 7 _
vésTodzA= 62| 3 5q

FLAG= ) 7 R
F-25




EoeEL et L
ROUTINE

(PART 3A)

Woro1d7a = 30 |307 [vd5P0 1 41A = 58(593 [VA5P0147A: L0 |61Y vdspor 47A= 15 | 153
4svord3€=z ! vdsxo 143€= 1 V45x0 1 §3€2 © V45xo 1 4362 O

1 J

1

v45%0105€2 ©
visTo120A 10| 509
VdsTO130A= 105) 4 34
visT0145A 951393
visxo410€2 ©




Foel Celu §
ROUTINE

(pary 4

G
START
kdoPBLA- M "

= i /N

9

15 _ -

o2, PRS \ PoaP STaT
ON Fec® , v45xw435 oN
NN FLAG= |
| |

visPoirdta: 30(307(visPoi1é1A=58 |593
vdsxo1d3E= | vdsxotd3es

) arRY-0P

_ dopger-e TR N8
YN =t

\
[@sxovese= 0]  [visxoiose=t |

vdsTo120A* 198 149
vd5TC 1 304: /55| 6 Y4 3,
wsrerdzazisi|ea g
dsxcdice= o




:
3
;

. ML AN R

N2 REAC

Lv ©

PRS OK

" v{sx 2155
Y\ 3 |

VISROU0A: 0.8 ©
Vé5R0270A: 1. 3| 793 [ViSROZTOA: ©

V5RO 2604 = o§]

[

Vd5To2B 1A 57
Vi5T0422A &4
FLAG=0

FUEL CELL 2
ROUTINE

(ParT 1)

02 MAN(E
PRS OK

)
o

Q37
A66




na REAC

YW OPM V45!1‘555

= | 4

'y

TLO wDCR {
PUWIR
(N B) /kdoPB13-12
| t 3 |

oA PORGE /

PWIR,
hop@13- 12 \(MN B
=\ N

] FLO xDCR

FOEL QELL. 2
ROUVTINE

(an- N

visroap0a: 0. O

Y

W5R0210A% 0 | o

1 e T
eeoapohzo o  |V4SRO2L0A=5-3| 544 /kdoPeT12-D \ , L
virRoaT0A= 0|0 |V45R0210A% 0] © = /¥ S
- H2 PURGE Y N2 PORGE
v ot
Adovet2-E
N __=! :
\_Tv » :
[ 1 1
[srow0ac5.3] 594 [Visro20h = 5.3 | 594 [WoRo260A &.9|327 fvésroaccara-9 |387
¥5e0a1c Az ©-5]5as [H5Ro2T0A 1-A |793 [dSR02T0A® ©-5]5a3 [V4sR0270A: 1. 3 | 183
{ 1 f
!
vI510281A: 51| &%7 visToap1A: 12 |44 Q
viorodaaat 64| 266 vdg10422A% 105 |4 3¢
FLAGE | FLAGE |

(%)

F-30




EOEL CELL R

ROVTINE

(PaRT 3)

L0 maek
WR,
CLE-Y
L}
02 PORGE
NV obN
. _ L}
T PURGE
ViV ofN
1 n
.. | R
WERO20M: 5. 3| S4Y [visR0260M=5.3 | 544 [visRoR0A: ©.3 WSRO2UOA: 0.4
45ROX10AZ_O | © [V4SRORToAs!-Q |183 wWsR0210A= 1.3\ 1783 [dSro270A= ©

R

l

}

:*,

visTo281A= 59

vdsTodaaA: 64
FLAG e

Q37
Q66

F-31

0o9°




ox PRESS

y

onN
heeo FLAG =
NN >

k4

1

vispozd 1A= 28 |RG
NdSx0243€2

vadspo241A= 6o

64

vdsxozd3e= |

y
VA5 PO 4TA: 5. 593
vioxp2§3c:

1

—

Fo

(PART 30)

tomhAf- ¥
(o]

}

V45%0205€= O
v45T0220A = 108
N45TO230A= 103
vd5ToR45A A

visxod20€= ©

503
4ae
381

F-3¢

ri_ceLt R
ROUVTING

143




e TR TR R AR
.

RELAY

|\ Earny
PuiR © K&C‘?S?Z-V
N =
Vv
Fe !
ReAad

FC

Y dsxo205€
=N
v

SToP Liore7a-8"

-4

=

FC
START
kdop8 TR~ M\

Fuen _QouL 2
TouvInG

A
e

NORES

o2 PRS

ON MCLY\\/-—
FLA

A

e
|
X

visxoadzgs o

Vs pozdtar 28 |a86 [Visrcad1a= wo|C Iy

vdsxcaizes |

f sreT- 0P

/eegia-c o P
4 =

CE

V5X0205E = O |

1 PP STAT
<v4sxo243s >°” - ( : >

£ N

™

1

visTo22cAr 201|757
vigTeaacaz 156|651
visTeadsani53{630
lsxcdacez 0

F-33




Fu cELL

REACTANT PREUD
ROVTINE

02 mANIFE |

02 Mﬁg'F a
PR ®
<vtspu¢5A NG

>150 4N
[q ‘Qo

_L__\O:l 150t
<V45x N4EE \Vev 2 o
g_Lﬁ

¥

-

[Cov=1 1 [ef=o0 |

| K2 MANIF )
S vés P21 4o A\ PRS OK
> {75
7448
Ha (%00
.‘___.@MME vLy | OFN
N =1
H2 (\ANLF 2__—_1[—_ m
__ Fes oK J4spaidsa
N
> \T15 44g
A2 IS:“LJ
- iy M&S
N
0(
i
1
= 0] l— He= | |
~{ 23




FUEL CELL 3
ROUTINE

(earT 4)

RS
{*]
N v4sx nboe

t /Y

N

O MANIE

Ve ek

Y

W2 RtP
. YLV OPN
. VA5X 21 GOE @ |
| -| >

- -
_— . ¥MamANIF -
. e _PES [+ &

HR PORGE

e 1 ] )

o Msreseoazo8]o [vsroacoas o il 0
_ VA5R03T0AS ).2|785 |VisR03T0A= ©

[

L . [isrozenm=s5a] a4e
e e o - Vi5TOd324= 66( &7 ¢

FLAG=0

z -

F-35




el <Y

na REAL
wy ora

02 PURGE

FOEL CeELL 3
ROUTINE

(PART 2

N2 MANE
PRS OK

) [vdsro360A =0.3] ©
V4sRe3T0A= 0] © e

F-30

VLY oy S e cee—— —
VA5R03L0A= 03| © |W5R0260AT5-9 | 546 /KkioPEBA-D L
Msro3108= 0] © |visroat0A: 0 | o =N -
Y
- el St v
_— . R _ . [0 e em e .
I Y or 62 .
R o N =\ T _ _—
I 1 _ - Y
~ l:’45;zg3bo,\: 5.9 {646 [visr03608c 546496 |W5R0360A= 2.9|3Q9|v45R0360A:2.9 329
Vi5R0310A= ©. 56, [M5R03T0A 1. | 725 |¥5R03T0A% ©.6]5)q [v45R03T0A= 1A | 708
1. N, § —

Y 1 T
visTo281A= 59| a4 6 A WoTo3g1A= N4 | 471 -
Vi5T0d324= 6| 214 o V457043242 10T 44 & _

FLAZE | FLAG =\

‘)xt'thAL PAGF IS
OF POOR QUALITY




FOEL CteLL 3 |
(» : ROUTINE
- (ParT 3) | %

2 ;
Ty TLo RpCR
PwWR
: (MmN e kdoP8B3-12
)
0% PURLE T
YLV ofWN - - ,
N N N )
- N2 PURGE T i
’ - ’ VLV ofN TS
: . b ) "\ = ' U ‘
. - - - - -— _— v B
i’-”.“tg_—‘_ Vd5R0300A = 5.4 | 5YE|UERODE0A= 5.4 646 |visrone0as O-Y © flsRo3ech: 0.8 ©
} T 7 |Usro3t0A= 0 | o |vsrost0A®1-2]78S |HsROBI0A: 1:3]195 visecaloa: 0 | ©
- -+ |
T U [sreseinzse] @46 . . .
. |vésTodanAz bl &Y
FLAG =1 ]
;
F-37




EUEL cELL 3

ROUTINE
(PART 3A)

v{sp0347A= 16

vi5x0343€: 0

J

0‘:\ PRLGS
Aeeom”
— "} FLAG =
.\___ —

f 4 4 1
vispozita = 32 |327(vasPo341A= 63|C3Y (VA5 P03 4TA: o4 [€57
V45x0343€E = | visxo34{3es | VdExn3 §36= ©

k N w

1
V45X0306€= ©
visTo320A= 12| §16
V45TO330A= 10| 44 Q
v{570345A% 97| 4 0}

Visxod30€= 0

F-30

164




Fuoer _Couu
KOUTING

(parT 49

RELA?
A
PuR ¢} vderegz-v
N =1

X v

Fe i
R‘”‘"“’< visxosose
=y /N

Y
| FC
5 %] T\, START
T° / kdo Ps kdop

L '32’B> 66'1 MLN

Yy

R L

R e

o

02, PRS .

y
PP oraT
ON A20XN cN
FL‘\ -' V‘- ‘(03435
» N \ '
4

4 .
VisPosdta: 32 [3A7(Vesroaitaz 2 63y
visxozdag=z | vdsxecadzes |

Y TRT- 0P

IR INHIB
ON

5 Adopgar-o
=\

4
[Wsx03c5E=0] [T

X03CzZg=t

vi5T0320A® 204
vi5T03 204z u“
vicy C-3~)r‘

_4 xcdace: o

765

638

) ‘ @ F-39




RO A Rl b A A AR U

vi5T04 50A: 6L2{a5%
vdsTodssA: W |asy

45T0d50A: 114|363,

vd5Tod50Az 109
vdsTodssA= 280

visTod50A 254

450
$1g
£ g%




CURGE MWTRS
T GRC A

PURGE WTRS
Yo GPC B

PURGE AHTRS
To MAN A

PURGE NTRS
To X\AN B

Cm@__,
= q

_ * 1
W5T0L00A% 125325 [Vé5TOLODAT 275 | 7 0%

viSTo LY A= 128|333 [VdSTOGYIA= 280|732,
TOT00 Az 13![32.7 V451010082 278( 7 ) §

——

( RETURN '

F-41




4. TABLES

4.1 INPUT STIMULIL LIST

Table 1 contaivs « st of all model input stimyli. The first column shows
the cockpit parci rd switch designation tollowed by a descriptive nomen-
ciature. Entries in the "NOTES" ceolumn are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked "SYSTEM CONN-PIN".

The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DtFINITION FOR TABLL 1

Both GND commands req'd to open valve.

2. Flt. System CMDS to STS o GTS NAS.
3. Unique to GTS - stimulus from NAS Kybd to GPC.
4. OND commands only - no onboard switch or GPC CMDS. 1

5. Will be entored at NAS Kybd for G1S.

6. FPower connections are not identified by MML no.

7. Pseudo entered by operator at DCM or NAS Kybd.

§. Conn-pin desighation uses same MML ID as line above.
9., Both switch commands req'd to open valve.

0. Both GPC comuands veq'd to open valve,

11, Stimulus provided by other model.

12, These commands are mutually exclusive.

13, Stimuli frowm MMES. for GTS NAS only.

4. Fliont Svetem commands to STS NAS onlv,

LA}

Flight System comands to GTS RAS only.

—
[S4)

T




1 4,1.2 PSEUDO VARIABLE INITIALIZATION
' The following pseudos are initialized as follows:
. '
INITIAL
VARIABLE CONDITION
L1 0

] L2 0
F L3 0
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TABLE 1 - STIMULI  "UT TO FUEL CELL/CRYO MODEL JAGE  of 6
r— T : :
| PANEL/ ; NOMENCLATURE NOTES|  MML ID. I, STATE
: RIAZ/S% 02 TANK 1 HTE A1 POWER 5 [ VASKII3IE | K&0P9BSI-A 1-0N/0-OFF
: " 02 TANK 1 HTF A2 POWER 5 AL 1131E ?7 i -C 1 1-0N/0-OFF
TRihz/99 | 02 TR § Hor 81 POWER 5 | 1136t K40P9BS2-A ' 1-ON/O-OFF
: 02 TANK ! KR 22 POWER 5 1 e | . ¢ i-ON/O-OFF
P182/513 | 02 TANK 2 HTF Al POWER s | 1z K40P9B31-F |- 1-ON/O-OFF
02 TANY 2 HTR A2 POWER 5 | 1 1231E I
R1A2/514 02 TANK 2 HTR B] POWER s | 23 K40P9832-A 1-0N/0-OFF
Ce TANY 2 HTR BZ POWER 5 ‘ 1236E l -C 1-0ON/0-0FF
L R1A2/521 02 TANK 2 HTE Al POWEP 5 133 KJ5-A 1-0N/0-0FF
| 02 TANK 3 HTP A2 POWER | 5 ?7 1331¢ } ¢ 1-0N/0-0FF
RIR2/S22 02 TANK 3 HTR B] POWER 5 | | 133 KJ6-A }-ON/0-OFF
02 TANK 3 HTF B2 POWER 5 | | 1336E I c 1-ON/0-OFF
R1A2/S11 H2 TANK 1 HTR A POWER 5 2131E K40P9811-8 1-ON/0-OFF i
R1A2/S12 H2 TANK 1 HTR B POWEP 5 2136 K40P9812-A 1-ON/0-OFF ’
RIA2/519 H2 TANK 2 HTR A POWER 5 2231E KA0P984T-B 1-ON/0-OFF |
R1A2/520 H2 TANK 2 HTR B POMER 5 2236E K40P9BA2-A 1-ON/0-OFF ;
R1A2/S24 H2 TANK 3 HTR A POWER 5 2331E KJ3-A 1-ON/0-OFF |
R1A2/525 H2 TANK 3 HTR B POWER 5 | | 2336E KJ4-A 1-ON/0-OFF
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TABLE 1 - STIMULI INPUT cL CELL/CRYO MODEL PAGE 2 OF 6 |
s NOMENCLATURE NOTES| MML ID. e STATE
R1A2/S2 02 MANIFOLD 1 VLV OPEN 5 | V45K1143E K40P9871-1 1-OPN/0-0PN
02 MANIFOLD 1 VLV CLOSE 5 { 44E K40P9871-2 1-CLS/0-CLS -
R1A2/S5 02 MANIFOLD 2 VLV OPEN 5 48E K40P9872-1 1-0PN/0-OPN
02 MANIFOLD 2 VLV CLOSE 5 113 K40P9872-2 1-CLS/0-CLS
R1A2/S3 HZ2 MANIFOLD 1 VLV OPEN 5 | V45K2239E K40P9873-1 1-OPN/0-0PN
H2 MANIFOLD 1 VLV CLOSE 5 41E K40P9873-2 1-CLS/0-CLS
R1A2/S6 H2 MANIFOLD 2 VLV OPEN 5 43E K40P9874-1 1—opu/o-6$ﬁ_J
H2 MANIFOLD 2 VLV CLOSE 5 T 45 K40P9874-2 1-CLS/0-CLS
L2A1/S11 | ECLSS 02 SUPPLY VLV 1 OPEN 5 | VA5K1084E K40P9875-1 1-OPN/0-0OPN
ECLSS 02 SUPPLY VLV 1 CLOSE 5 85E K40P9875-2 1-CLS/0-CLS
L2A1/S20 | ECLSS 02 SUPPLY VLV 2 OPEN 5 86E KA0P9876-1 1-OPN/0-0PN
ECLSS 02 SUPPLY VLV 2 CLOSE 5 { 87¢ K40P9876-2 1-CLS/0-CLS
R1A2/S1 02 SUPPLY VLV OPEN - FC1 5 | VA5K1151E K40P9877-1 -OPN/0-OPN
H2 SUPPLY VLV OPEN - FC1 K40P9878-1 1-OPN/0-OPN
02 SUPPLY VLV CLOSE - FC1 5 | vaski1s2e K40P9877-2 1-CLS/0-CLS
H2 SUPPLY VLV CLOSE - FC1 K40P9878-2 1-CLS/0-CLS
R1A2/S7 02 SUPPLY VLV OPEN - FC2 5 | VA45K1156E K40P9879-1 1-OPN/0-OPN
H2 SUPPLY VLV OPEN - FC2 K40P9880-1 1-0PN/0-OPN
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TABLE 1 - STIMULT INPUT T

"JEL CELL/CRY(O MODEL

PAGE 3 OF 6
,
PANEL/ NOMENCLATURE NoTES|  w 1D, | ORI STATE
{
P1A2/S7 | 02 SUPPLY VLV CLOSE - F2 5 |vaski1s7e K40P9879-2  |1-CLS/0-TLS
(CONTINUECT o suppLv /Ly £LOSE - FL2 K40P98BO-2 | 1-CLS/0-CLS
R1A2/SE | 02 SUPPLY yLu OPEN - 77 © |V4S5K1161€ | K40P9BBL-1 | 1-OPN/O-OPN
42 SUPPLY 1Ly PEN - FL3 | Tka0P388Z-1 1-0PN/O-OPN
02 SUPPL+ YL7 CLOSE - FC3 5 lyaseileoe KAOP9B21-2  |1-CLS/0-ELS
H2 SUPPLY YLV CLOSE - FC3 K40P98E2-2 1-CLS/0-CLS
R12/53 FC 1 02 PUOGE YLV OPN 2,10 15K0815Y K80P62-D 1-0PN/O-CLS |
x
FC 1 42 PUBGE YLV 0PN 2,10 G K40P862-E 1-0PN/0-CLS
bol6y
R12/58 FC 2 02 FURGE VLY OPN 2,10 . 25v K40P872-D 1-0PN/0-CLS
‘ {26y
FC 2 H2 PURGE VLV OPK 2,10 25y K&OP&72-E 1-0PN/0-CLS
{26
P12/55 FC 2 02 PURGE VLV PN 2,10 i 35y KA0P8B2-D 1-0PN/0-CLS
36y
[FC 3 w2 pURGE vLv OPN 2,16 j[ oY K40PB82-E 1-OPN/0-CLS
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TABLE 1 - STIMULI INPUT T. . CELL/CRYO MODEL PAGE 4 /
PAREL/ NOMENCLATURE NOTES| MML ID. | 2onCRIN STATE
RIA2/S16 | FC 1 START 5 | vaskolize KA0P862-M 1-STRT/0-STRT|
FC 1 STOP A/STOP B 5 I KA0P862-B 1-STOP/0-5TOP
RIA2/S17 | FC 2 START 5 |vaskozize KAOPET2-M 1-STRT/0-STRT
FC 2 STOP A/STOP B 5 b oo K40P872-B 1-5TOP/0-3TOP
RIA2/S1E | FC 3 START 5 | va5K0312E K40P882-M 1-STRT/0-STRT
FC 3 STOP A/STOP B 5 | 1 o9 | xaoess2-B  |[1-STOP/0-5TOP|
R12/S2 H2/02 PURGE HTRS-MAN 5 |vaskogore  KAOTBI-KC 1y on/o-oFF
H2/02 PURGE HTRS-GPC 2 | V45K0604Y K40TB100-KC 1-ON/0-OFF
05Y | K&OTB101-KC
02 GSE SUPPLY VLV OPEN 4,5 |vas1omw KAOP9869-1  |1-OPN/0-OPN
02 GSE SUPPLY VLV CLOSE 4,5 | | 96N K40P9869-2  |1-CLS/0-CLS
H2 GSE SUPPLY VLV OPEN 4,5 |vask2191n KAOP9870-1  |1-OPN/O-OPN
H2 GSE SUPPLY VLV CLOSE 4,5 | 4 96N K40P9B70-2  |1-CLS/O-CLS
L4C/CB65 | FC 1 COOLANT PUMP-PHASE A 5,6 | KAOP864-A 1-ON/0-OFF
L4C/CB68 | FC 2 ! 5,6 b o7a-a ]
LAC/CB71 | FC 3 I 5,6 } 8a-a H
014/S12 | FC 1 CONTROLLER (RELAY) POWER 5  |V45K0180F KA0P862-V }
015/S11 | FC 2 I 5 1 280¢ KAOP872-V }
016/511  [FC 3 | ‘ 5 } 3s0e K40P8 82-V {

|




.

LAl T TTIMULT TWUT TR CELL/CRYO MODEL V4GE 5 OF
PaNEL/ | NOMENCLATURE NOTES|  MML ID SYSTEM STATE
SWITCH ' CONN-PIN
L 4,5 Va5 1121N K40PB862-F 1-ON/O-0FF
S e e e e e e i — 4 ___+ L *%,
Fe o2 3.5 Can b T2F ‘ |
oo - o ST s e ﬁ ; % *‘v
FC 3 4,5 © o2 i ' 82-F ! ¢
e S _ e - ] 4
013/(B22 02 TENY L DTY GDCP PWR L ELG ZLA; | | ¥40P9853-W | 1-ON/O-OFF
013/CB20  |C2 . ¢ ‘ 18 ,' 983w |
MLBEB/CBSL | 02 . ¢ ; 4B, 70" | 9520-W |
013/CB23 W2 ! ' 2CA; - 9813-W [
G13/CB22 H2 Z ' 187, i . 9843-W
MLB6B/CBSE | HZ T : 348 | 95474
FLO /LCE Dup - LTI £ 5.6 |  863-12
‘ - FC2 Iy g 87312 |
: S 03 MG | a83-12 |
b S 4; .
32 TEMVOLOTTV OO SIGNAL h,5,6 |v4sKii2sn | 9853-A !
2 oz 1228 . 9833-A |
02+ 3 1328 | 9520-A |
He ool 2128N | 9813-A ;
H2 v 2 . 2228 | 9843-A E
IR b 2328 | 9547-A i
RI12A1/S6 | FC 1 STAPT-UP WIR INHIBIT 5 | va5Kk0191t KA0P862-C 1-INHIBIT/
' ‘ ; 0-ENABLE
RIZAL/ST | {2 i s |4 20 yoo12-C 3
RI12A1/S8 | + 3 ! 5 | + 391 t 82-C }
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4.2 QUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the inital condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. Tae o 1 caca pair is Tabeled FS indicating flight system
engineering unit~. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. [.C. indicates initial
condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and
VALUE 3 columns indicite off nomina'! conditions. The CTS columns indicate
the count vaiue to be used within the STS NAS . For the GTS, automatic

conversion from S engineering unii values to CTS will be done by the NAS.
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MEASUREMENT QUTPUT rROM FC/CRYO MODEL - TABLE 2

] . B
_ I.c. VALUE 1 VALUE 2 vaLLz 2 I
' EASUREMENT WA UNITS
L EASUREMENT NAAE Fs crsl  Fs  cTs| FS crsl Fs s i
i VASXCLO5E | FC 1 READY 0 0 1 1 STATE |
! V45T0120A | FC 1 STACK COOLANT OUT TEMP 110 509| 198 | 749 DEGF
| V45T0130A | FC 1 CONDENSER EXIT TEMP 105 23| 156 | 342 DEGF
) VA5X0143E | FC 1 COOLANT PUMP STATUS G 0 1 1 STATE
V45TO145A | FC 1 COOLANT RETURN TEMP 95 393 151 | 622 DEGF
V45PD147A | FC 1 COOLANT PRESS 60 614 15 | 153] 30 307 58 |593| PpsIA
| V4S5RO160A | FC 1 02 FLOW 0.836] 0© 2.26] 3265  5.31 [542 LB/HR
| vasro170A | FC 1 H2 FLOW 0.063] 0 a.500 s2¢]  1.26 | 7% LB/HR
VASTO181A | FC 1 PRODUCT H20 LINE TEMP 55 229|110 | 43¢ DEGF
V45X0205E | FC 2 READY 0 0 1 1 STATE
V45T0220A | FC 2 STACK COOLANT SUT TEMP 108 s03| 201 | 757 DEGF
V45TO230A | FC 2 CONDENSER EXIT TLMP 103 s26| 158 | 651 DEGF
V45X0243E | FC 2 COOLANT PUMP STATUS o 0 1 1 STATE
V45T0245A ' FC 2 COOLANT RETURN TEMP 92 31| 153 | 630 DEGF
| V45P0247A | FC 2 COOLANT PRESS 58 593 14 | 143 28 286 60 | 614| psIA
' V45R0260A | FC 2 02 FLOW 0.836] O 2.88 327| 5.34 | 544 LB/HR
| V45R0270A { FC 2 H2 FLOW 0.063] O 0.49 523 1.22 | 783 LB/HR
i V45T0281A | FC 2 PRODUCT H20 LINE TEMP 57 2371 112|462 ‘ DEGF
| V45X030SE | FC 3 READY 0 0 1 1 STATE
| V45T0320A | FC 3 STACK COOLANT OUT TEMP 112 516] 204 |765 DEGF
‘ V45T0330A | FC 3 CONDENSER EXIT TEMP 107 a2\ 162 {667 DEGF
| VA5X0343E | FC 3 COOLANT PUMP STATUS 0 0 1 1 STATE




. v

MCASUREMENT QUTPUT FROM FC/CRYQ MODEL - TASLE 2

Do 1.C. VALUE 1 VALLE 2 VALUE 3 ’ 3
R MEASUREMENT NEME = i e Tl Fs e e e B g
V45T0345A | FC 3 COOLANT RETURN TEMP 97 401| 155 s _ DEGF
V45P0347A | FC 3 CODLANT PRESS 62 634 | 16 154] 32 327 | 64 657 | PSIA
V45RO3604 | FC 3 02 FLOW 0.e36] o 2.00 | 329] 5,37 |36 LB/HR
VE5P0370A | FC 3 H2 FLOM 0.063] o 0.48 | <17}  1.23 [7e¢ LB/HR
VLSTO381A | FC 3 PRODUCT H20 LINE TZ'P 55 e | 114 71 DEGF
VASXD410E | FC 1 W20 CONDITICH 0 ol 1 : STATE
V4STO412A | FC 1 H2C RELIEF VLY TEMP 62 223|103 23 DEGF
V45X0420E | FC 2 CONDITION 0 of 1 1 STATE
V45T0422A | FC 2 K20 RELIEF VLV TEMP 64 256 | 105 S¥ | . DEGF
V45X0430E | FC 3 H20 CONDITION 0 of 1 1 STATE
| V£5T0832A | FC 3 H2O RELIEF VLY TEMP o6 66 274 107 2 DEGF
| V45T0450A  H20 RELIEF LINE TEMP =& 62 252|100 4cs DEGF
| V45T0455A | H20 RELIEF NOZILE TEMP A §E’ 111 234 250 375 DEGF
V45T0456A | H20 RELIEF NOZZLE TEMP B 2F 114 262| 254 585 DEGF
| VASTO600A | FC 02 VENT LINE TEMP g';g 125 325{ 275 758 DEGF
| V45T0699A | FC H2 VENT LINE TEMP 1 ’ém 128 333|280 "22 DEGF
VASTO700A | FC H2. VENT LINE TEMP 2 B | 131 327] 278 715 DEGF
VAS5X108CE | PRSD 02 ECS PRI SUPPLY VLV - CPEN 1 o 0 STATE
V45X1083E | PRSD 02 ECS SEC SUPPLY VLV - OPEN 1 o0 0 STATE
VA5P1100A | PRSD 02 TANK 1 PRESS 626 526 516|430 PSIA
V45T1101A | PRSD 02 TANK 1 FLUID TEMP 35 | a42| -162  |235 DEGF




MEASUREMENT OUTPUT FROM FC/ KYOMODEL - TABLE 2

K=1 - -

T =
. D. MEASUREMENT NAME Fs lcsl s losl fs [cs| fs  Jers.

V45Q1105A | PRSD 02 TANK 1 QUANTITY 30 331 104 1023 0 51 PCNT
V4571137A | PRSD 02 TANK 1 HTR ASSY 1 TEMP -107 358 | -166 291 DEGF
VA5T1109A | PRSD 02 TANK 1 HTR ASSY 2 TEMP -139 321 -167 268 DEGF
VASP1110A | PRSD 02 TANK 1 HTR CONTROL PRESS 750 jas1} 517 4 PSIA
Va5p11408 | PRSD 02 MANIF 1 PRESS 799 681 ] 194 166 PSIA
V45x1141E | PRSD 02 MANIF 1 ISOL VLY - OPEN 1 1 0 0 STATE
va5p1145A | PRSD 02 MANIF 2 PRESS 811 692 | 185 158 PSIA
VA5X1146E | PRSD 02 MANIF 2 ISOL VLV - OPEN 1 1 0 0 STATE
VASXT150E | PRSD FC 1 02 REAC VLV - OPEN 1 1 0 0 STATE
V45X1155€ | PRSD FC 2 02 REAC V.V - OPEN 1 1 0 0 STATE
V45X1160E | PRSD FC 3 02 REAC VLV - OPEN 1 1 0 C STATE
V45X1195 | PRSD 02 GSE SUPPLY VLV - CLSD 0 0 1 1 STATE
V45P1200A | PRSD 02 TANK 2 PRESS 636 542 | 518 442 PSIA
V45T1201A | PRSD 02 TANK 2 FLUID TEMP -26 452 | -160 297 DEGF
V4501205A | PRSD 02 TANK 2 QUANTITY 40 |426] 1084 1023 0 51 PCNT
V45T1207A | PRSD 02 TANK 2 HTR ASSY 1 TEMP -116 348 | -162 295 DEGF
V45T1209A | PRSD 02 TANK 2 HTR ASSY 2 TEMP -148 311] -167 288 GF
V45P1210A | PRSD 02 TANK 2 HTR CONTROL PRESS 760 501| 518 6 PSIA
V45P1300A | PRSD 02 TANK 3 PRESS : 646 550 | 521 444 PSIA
V45T1301A | PRSD 02 TANK 3 FLUID TEMP -17 462 | -159 299 DEGF
V45Q1305A | PRSD 02 TANK 3 QUANTITY 50 518 104  f1023 0 51 PCNT
V45T1307A | PRSD 02 TANK 3 HTR ASSY 1 TEMP -125 338 | -166 291 DEGF
V45T1309A | PRSD 02 TANK 3 HTR ASSY 2 TEMP -157 301} -169 286 DEGF
B
&

AEWDI

uuuuuu




LR I TV TN RE, T I ITATT Y T e

MEASUREMENT OUTPUT FROM FC/CRYQ MODEL - TABLE 2

MEASUREMENT 1.C. VALUE 1 K=1] VALUE 2 K=2] VALUE 3 k=3

1. D. MEASUREMENT NAME (HOMIHAL (HL/LOK) (OFF) URTTS

FS CIs! _FS CIs | FS cist  Fs 1S

VA5P1310A | PPSD ©2 TAMK 3 HTR CONTROL PRESS 770|522 520 10 PSIA
Va5pP21004 PRSD HZ TANK 1 PPESS 220 563 145 37¢ PSIA
V45T72101A PRSL HZ TANY . FLLID TEMD =100 IRE ) -286 151 DEGF
VA502105F | PRSD M2 TANK 1 CLENTITH 3% 3741 105 1523 0 3 PCHT j
VAST21C7A | PRSD H2 TANK 1 ~TF ASSY TENMP 270 fast| -289 147 - | pEGF %
V45P2110A | PPSD H2 TANK 1 HTF CONTROL ORESS 260|735 148 13 : PSIA |
V45P2140A | PRSL H2 MAKIF 1 FFESS 190 |as7| 142 364 PSIA
V45¥2141E | PRSD H2 MANIF 1 ISOL VLY - OPEN 1 1 0 o STATE
V45P2145A | PRSD H2 MANIF 2 FPESS 196 37| 147 37% PSIA
V45XZ146E | PRSD H2 MANIF 2 ISOL VLV - OPEM 1 1 0 G STATE
V45X2150E | PRSD FC 1 K2 PEAC VLV - OPER 1 1 s 0 STATE
V45X2155E | PRSD FC 2 H2 REAC VLV - OPEK 1 1 G C STATE
V45X2160E | PRSD FC 3 H2 REAC VLV - OPEN 1 1 0 G STATE
V45X2195¢ | PRSD H2 GSE SUPPLY VLV - CLSD 0 0 1 1 STATE
V45P2200A | PRSD M2 TANK 2 PRESS 236 |s582] 150 285 "] psIA
V45T2201A | PRSD HZ TANK 2 FLUID TEMP -9] 376 | -2¢91 145 DEGF
V45Q2205A | PRSD H2 TANK 2 OUANTITY a5  laeo| 105  |1023] ¢ 3t PCNT
V45T2207A| PRSD H2 TANK 2 HTR ASSY TENP -6 |413] -295 141 DEGF
V45P2210A| PRSD H2 TANK 2 HTR CONTROL PRESS 270 {800 151 29 PSIA
V45P2300A | PRSD H2 TANK 3 PRESS 240 |614]| 149 31 PSIA
V45T2301A| PRSD H2 TANK 3 FLUID TEMP -83 | 337 -288 140] DEGF
V45Q2305A | PRSD H2 TANK 3 QUANTITY 55 |s61| 105 fo23|] o 51 PCNT i
VA5T2307A | PPSD H2 TANK 3 HTR ASSY TEMP -51 | 4o0 | -293 143 DEGF |
V45P2310A | PRSD H2 TANK 3 HTR CONTROL PRESS 280 | g€zl 1s0 23 { PSIA

to-4
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1. INTRODUCTION

Thermal control within the cabin area and the avionics bays (1, 2 and 3) is
accomplished by two parallel water coolant loops. For 0V-102, both water
coolant loops will be operated simultaneously during launch and entry.

During orbital nperations, only one water coolant loop will be operated. The
water coolant locps (fig. 1) remove crew and equipment generated heat, and
transport it to the active thermal control subsystem (ATCS) interchanger for
heat rejection. Each coolant loop is identical with the exception that the
primary loop contains two parallel mounted pumps and a shuttle check valve,
while the secondary has only one pump and no shuttle check valve.
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2, DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed in
tabla 1 to produce values for the output measurements listed in table 2 that
simulate the operation of the AR/H20.

2.1 MATH MODEL DESCRIPTION
2.1.1 WATER COOLANT LOOPS

As depicted in figure 1 water flow leaving the pump first passes through a
shuttle check valve (primary coolant loop only) to prevent flow around the
fnactive pump. On leaving the valve, the water coolant encounters a relief
device. After this, the water coolant enters the silver ion generator (SIG)
water chiller which cools fuel cell water to allow the water management sub-
system SIG to provide proper water purification. From the SIG water chiller,
the water coolant divides into two different paths,

o One path provides water coolant to the cabin (MDM) avionics coldplates to
pick up heat generated by the MDM's, From the coldplates, the flow divides
into two parallel paths. One path directs water coolant through aviorics
bay 3A heat exchanger to abosrb heat generated by various avionics equip-
ment and then through the avionics bay coldplates. The second path
provides water coolant to avionics bay 3B coldplates. From this point,
the water coolant merges with coolant exiting bay 3A into a single path.

o The second path divides into two parallel paths, thus entering in-cabin
avionics bays 1 and 2. In these avionics bays, the water coolant flows
through the avionics bay heat exchanger, and then the avionics bay cold-
plates. The water coolant leaving avionics bay 1 coldplates enters the
hatch coolant loop, and the water coolant exiting avionics bay 2 enters
the forward and overhead windows coolant loops. After leaving the hatch
and windows, the water coolant merges with coolant exiting bays 3A and
3B into a single path.

G-3

g L

e



R ot it T T T T TR T e,
I
[
g

Downstream of this point, the water coolant encounters the DFI coldplates

and then the water bypass valve line. The bypass valve can be either auto-
matically or manually controlled. In the auto mode, the bypass valve controls
the water temperature in the water coolant pump package to 63 + 2.5°F by
bypassing coolant around the water/freon interchanger. For different phases
of the mission, the bypass valve will be controlled as follows:

e Launch and Entry - The bypass valve will be driven manually to the full
flow through interchanger position, then the valve will be left in the
manual mode.

e Orbital - The bypass valve will be manually set to a predetermined position
to match the required freon flow through the interchanger.

The water coolant that is bypassed around the interchanger then passes through
the main loop filter. Downstream of the filter is the loop accumulator which
maintains a constant pump inlet pressure and compensates for thermal expansion
and contraction of the coolant loop. From here, the water coolant returns to
the pump for recirculation. The water coolant not bypassed continues through
the interchanger for heat rejection. After this, the water coolant travels
through the liquid cooling garment (LCG) heat exchanger, whose function is to
supply chilled water to the airlock support subsystem fer crewmen LCG cooling
prior to EVA. From the LCG heat exchanger, the water coolant passes through
a water chiller to cool water for crewman consumption. Then the water coolant
goes through a check valve and the cabin condensing heat exchanger, whose
function is to remove sensible and latent heat from the cabin atmosphere.

After leaving the cabin condensing heat exchanger, the water coolant is directed

to the IMU heat exchanger where heat is abosrbed by a convective/conductive
process. From the IMU heat exchanger, the water coolant returns to the

coolant pump and accumulator assembly.




2.1.2 INTERNAL VARIABLES

The following internal variables were introduced into the logic to facilitate
computations,

T] - Cabin Hx in TEMP - LOOP 1
TZ - Cabin Hx in TCMP - LOOP 2

=
]

1 H20 INTCHGR flow rate - LOOP 1

R, - H20 INTCHGR flow rate - LOOP 2
F1 - Internal logic flag
TC - Cabin TEMP
L1 - Internal counter
L2 - Internal counter
The following initial conditions are required: §
;
Internal Variable Initial Valye Model Counts :
T 44 137 :
T2 47 172 §
R1 118 0
R2 659 : 276
L 1 : 1
L2 1 1

2.1.3 INITIAL CONDITIONS

wote that inital conditions for STS are the same as those listed for GTS;
see GTS PREPROCESSOR LOGIC.

2.2 STS UNIOUE REQUIKIMECNTS

None
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2.3 GTS UNIQUE REQUIREMENTS

2.3.1 PREPROCESSOR LOGIC

The AR/H20 math model was originally required in the STS simulator. The
math model input stimuli symbols referred to in the logic flow diagram,
section 3.2, are ATA Reference connector and pin numbers. Due to the lack
of flight hardware circuitry in the GTS simulator, logic functions that
bridge the gap between the payload MDM's and the AR/H20 are required in a
GTS preprocessor in order to evaluate values for the input stimuli coming

from the GPC prior to execution of the model .

g




e vy 6 0%

{ ) 3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part apblies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

: 1  hasic input stimuli to the model are identified by ATA reference system
cor..ector-pin (CP) numbers. A logical combination of one or more MML numbers
is used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished via hardware circuitry. However, ////
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and MML must be effected by software. The following
logicel equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML to be combined by

) the logical product (AND) and the inclusive logical sum (JR). In these
instances, "AND" denotes the logical product and "OR" denotes the inclusive

logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column lists the input stimuli initialization values required,
Notice that inputs containing an entry for SOURCE do not have an initialization
value, since they are updated at the GTS simulator cycle rate by the source

connection.

G-7
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PAGE 1 of 2

GTS MATH MODEL STIMULI - AR/HZ20

MML_TO CONN-PIN CONVERSION LOGIC

SYSTEM SOURCE* |
CONN-PIN MML ID MM CONN/PIN I'NITIALIZATION VALUES
K90P13-1 = V61K2611Y | PFOI J06/009
15-1 = 2613y | PFOI J06/031
231 = 211y | pro2 J06/021
27-1 = 2120F 0
33-7 = 2121E 0
39-1 = 2450€ 1
41-1 = 2455€ 1
-4 = 2566A 5
37-4 = 2567A 5
18-A = 2585E 0
20-A = 2590€ 0
171 = 2747E 0
17-3 = 2748F 0
11 = 2770E 0
31 = 2775E 0
21 = 2780F 1
41 = 2785E 1
10-1 = 2790E 1
12-1 = 2795E 1
25-1 = 2847E 0
Y53 - 2848E 0
K81P157-1 = 2849E 1
158-1 = 2852E 1
159-1 = Y 2855t 1
K8OP32-F = *
K81P155-1 =
K9OP5-1 =

~ 6-1
14-1

UV Y UGS I — )

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.

G-3
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PAGE ¢ of ¢

GTS MATH MODEL STIMULI - AR/H20

MML_TO CONN-PIN CONVERSION LOGIC

SYSTEM
CONN-PIN

MML 10

¥

SOURCE™*

MDM

CONN/PIN

INITIALIZATION VALUES

K90P9-1

19-1
22-1
27-1
33-1
43-1
96-F
A

*k

1
1
1

B
1
1
0
1

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.

**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.

G-9
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,

and offpage connectors. Notice that where analog measurements are lisied in

boxes and decisions, the value inside the box is in flight system enaincering
units (FSEU) while the corresponding model count value is listed ouiside the

box. For example, the box on the right hand below;

MODELCTS

W5PIooA = 516 (440l visprooa= 6ag| 53Y
vdsTiora =~ 162|385 vdsTi0IA= - 35 |44a
V4STnotTA = - 166|391 vesTHOTA: ~107(35¢
V5TIO0A = -1671288 [vdsTIi03A= ~ 139 3l
vései111o0A = S 4 [vdspinap A= 150]43 |

shows that VA5P1100A is set equal to 626 FSEU which is equivalent to 534
MODELCTS shown outside the box.

G-10
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4. TABLES

4.1 INPUT STIMULI LIST

Table 1 contains a list of all model input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.]
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked “SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain,

4.1.1 NOTES DEFINITION FOR TABLE 1

1. Both GND commands req'd to open valve.
2. Fl1t. System CMDS to STS ar GTS NAS. )
3. Unique to GTS - stimulus from NAS Kybd to GPC.
4. GND commarnds only - no onboard switch or GPC CMDS.
5. Will be entered at NAS Kybd for GTS.
6. Power connections are not identified by MML no.
7. Pseudo entered by operator at DCM or NAS kybd.
8. Conn-pin designation uses same MML ID as line above.
9. Both switch commands req'd to open valve.
10. Both GPC commands req'd to open valve.
11. Stimulus provided by other model.
12. These commands are mutually exclusive.
13. Stimuli from MMES, for GTS NAS only.
14, Flioht System commands tn STS NAS only.
15. Flight System commands to GTS NAS only.
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B TABLE 1 - STIMULI [ FOR AR/H20 PAGE 1 of 2 |
il NOMENCLATURE NOTES| ML T0. | 2ISCEM STATE
L4/CB117 | CABIN TEMP CNTRLR 1 PHR 5,6 K90P27-1 1-ON/Q-OFF
L4/CB119 CABIN TEMP CNTRLR 2 PWR 5,6 K90P33-1 1-ON/0-OFF
t4/CcBl27 AV BAY 1 S/C PWR 5,6 K90P5-1 1-ON/0-OFF
L4/CB118 AV BAY 2 S/C PWR 5,6 K90P6-1 1-ON/0-OFF
L4/CB120 AV BAY 3 S/C PWR 5,6 K90P14-1 1-ON/0-CFF
L4/CB121 | H20 BYPASS CNTRLR - PRI 5,6 K90P9-1 1-ON/0-OFF
L4/CBI3 | H2O BYPASS CNTRLR - SEC 5,6 {kgop19-1 1-ON/0-OFF
L4/CB81 IMU FAN S/C PWR 5,6 K81P155-1 1-ON/0-OFF
L4/CBI4 | CABIN AIR S/C PWR 5.6 K90P22-1 1-ON/0-OFF
L4/CBBO | HUMIDITY SEP S/C PWR 5,6 KI0P43-1 1-ON/0-OFF
014/CB35 | INTCHGR. FLOW - H20 LOOP 1 PWR 5,6 K90P96-F 1-ON/0-OFF
015/CB35 INTCHGR FLOW - H20 LOOP 2 PWR 5,6 K90P95-F 1-ON/0-OFF
L1A2/S3 H20 PUMP A - LOOP 1 ON 2 V61K2611Y K90P13-1 1-ON/0-OFF
H20 PUMP B - LOOP 1 ON 2 | V61K2613Y |K90P15-1 1-0K/0-OFF
L1A2/56 H20 PUMP - LOOP 2 ON 2 V61K2711Y K90P23-1 1-0ON/0-0FF
L1A2/S4 | H20 BYPASS MAN- INCR - LOOP 1 5 | veikeraze  [k9op17-1 1-ON/0-OFF
H20 BYPASS MAN - DECR - LOOP 1 5 V61K2748E K90P17-3 1-ON/0-OFF
L1A2/S7 H20 BYPASS MAN - INCR t7LOOP 2 5 V61K2847E K90P25-1 1-ON/0-OFF
H20 BYPASS MAN - DECR - LOOP 2 5 | v61Kk2848E | K90P25-3 1-ON/0-OFF
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TABLE 1 - STIM

INPUT FOR AR/H20

PAGE 2 o~

[ga?Etﬁ NOMENCLATURE NOTES| ML ID. ORI STATE
L1A2/S12 | IMU FAN A 5 | V61Kk2849E  |K81P157-1 1-ON/ 0-0¢F
L1A2/S13 | IMU FAN B 5 | V61K2852E |KB1P158-1 1-ON/O-0FF
L1A2/S14 | IMU FAN C 5 | v61Kess5E  |K81P159-1 1-ON/0-0F F
L1/S11 CABIN TEMP CNTRLR - LOOP 1 ON 5 | V61K2120E  |K90P27-7 1-ON/C-QFF

CABIN TEMP CNTRLR - LOOP 2 ON 5 | v6lk2121E  |K90p33-7 1-ON/0-OFF
L1A2/S1 | HUMIDITY SEP A ON 5 | V61K2450E |K90P39-1 1-ON/0-OFF
L1A2/S2 HUMIDITY SEP B ON 5 | V61K2455E |K90P41-1 1-ON/0-OF F
L1A2/S17 | CABIN FAN A ON 5 | V61Kk2585E |K90P18-A 1-ON/0-0FF
L1A2/S18 | CABIN FAN B ON 5 | V61K2590E | K90P20-A 1-ON/0-OFF
L1/R1 CABIN TEMP SELECTOR - LOOP 1 5 | V61K2566A |K90P31-4 >T(WARM)/<7(C

CABIN TEMP SELECTOR - LOOP 2 5 | V61Kk2567A |K90P37-4 >T{WARM) /<7 (C
L1A2/S9 AVIONICS BAY 1 - FAN A ON 5 | V61K2770E  |K90P1-1 1-ON/0-OFF
L1A2/S10 | AVIONICS BAY 1 - FAN B ON 5 | v61k2785E | K90P3-1 1-ON/0-OFF
L1A2/S15 | AVIONICS BAY 2 - FAN A ON 5 | velk2780E  |K9oP2-1 1-ON/0-OFF
L1A2/S16 | AVIONICS BAY 2 - FAN B ON 5 | V61K2785E | K90P4-1 1-ON/0-OFF
L1A2/S19 | AVIONICS BAY 3 - FAN A ON 5 | V61k2790E |K90P10-1 1-ON/0-OFF
L1A2/S20 | AVIONICS BAY 3 - FAN B ON 5 | V61K2795€ |K90P12-1 1-ON/0-OFF

IMU FAN AP POMER 5,6 KBOP32-F 1-ON/0-OFF

L)
L)

-




-

oy

4.2 QUTPUT MEASUREMENT LIST

Table 2 1ists all model outputs along with the inital condition value for
the output. Measurement [.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. fndicates initial
condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and -
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS.  For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.
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MEZSUREMENT OUTPUT FROM AR/H,0 MODEL - TABLE 2

o R o . " vwv—w T T
> 3 T
‘

AN I.C. VALUE 1 VALUE 2 VALUE 3 .
| L. C. MEASUREMENT NAME re 1S Fs lcte | Fs crs]_Fs_ lcts UAITS
t W61P2540A | CO, PARTIAL PRESSURE 5.2 1177 0 0 7.6 259 MMHG
#/6102551A | CABIN HUMIDITY 51 522 0 0 | 100 1023 PERCENT
| VE1T2552A | CABIN TEMP. 70.7 |440 gg 712 65 374 80 546 | DEG.F
t V61P2556A | CABIN FAN DELTA PRESSURE 0 0f 0.2 {207 PSID
} V61X2557E | HUMIDITY SEP A SPEED 0 ol 1 1 STATE
V61X2558E | HUMIDITY SEP B SPEED 0 0 1 1
| V61X2573E | CABIN TEMP CTL FULL HX-LOCP 1 0 0 1 1
V61X2577€ | CABIN TEMP CTL FULL HX-LOOP 2 0 0 1 1
V61P2600A | H,0 PUMP OUT PRESS - PRI 61.5 | 419 0 0 25 170 PSIA
V61P2605A | H,0 PUMP IN PRESS-PRI 18 473 0 12 PSIA
1 V61026108 | H,0 ACtUM QTY-PRI 50 49 0 100 PERCENT
WEIH2612A | H,0 BYPASS VLV. POS.-PRI 2 20 0 ¢ 95 972 PERCENT
V61T2635A | CABIN HX OUT TEMP. 55 102 45 0 DEG.F.
V61T2640A | H,0 PUMP OUT TEM.-LOOP 1 68 409 32 0 66 387 80 546 | DEG.F.
V61P2642A | AV. BAY 1 DELTA PRESS. 0 0 0.12 {12 PSID
V61T2645A | AV. BAY 1 OUT AIR TEMP. 74 297 45 0 80 358 DEG.F.
| V61P2647A | AV. BAY 2 DELTA PRESS. 0.13 | 121 0 0 PSID
- !V61T2650A | AV. BAY 2 OUT AIR TEMP. 70 256 45 0 80 358 DEG.F.
. iV61P2658A | AV. BAY 3 DELTA PRESS. 0.14 | 151 0 8 PSID
: VEI1T2661A | AV. BAY 3 OUT AIR TEMP. 95 512 45 0;{ 80 358 DEG. F.
Ivemrtssaﬂ\ CABIN HX IN. TEMP.-LOOP 1 44,06 {137 gﬁ . 7o 41 102 a7 170 | DEG.F.
! B

{ *NOTE: This measurement uses the range limit conversion method of calculating FSEU .




MEASUREMENT QUTPUT FROM

AR/H,0 MODEL - TABLE 2

ZASUIETEL] I.C. VALUE 1 VALUE 2 VALUE 3

It MEASUREMENT NAME s Tosl s Lol fs Tos| s URLTS
V61T2665A | CABIN HX IN. TEMP.-i.00P 2 v.zfz} 32 | of 43 |ws| 51 |217) DEGF.
V61P2700 | H,0 PUMP OUT PRESS-SEC. 53 |354 1.3] 0] 25 |iez PSIA
V61P2705A | H,0 PUMP IN. PRESS-SEC. 16 |419 o |10 PSIA
V6127104 | H,0 ACCUM. QTY-SEC. 52 |s09 o |00 PERCENT
+VGIH27IZA H,0 BYPASS VLV. POS.-SEC 9% 972 0 o 5 51 PERCENT
V61R2722A [ H)0 INTCHGR. FLOW - LOOP 2 659 276 as | o se0 |223] 761 | 33s| pew
V61T2724A | H,0 INTCHGR. OUT TEMP.-LOOP 2 a5 Js12| 41 fa0| 49 |593 DEG.F.
V6IT2740A | H,0 PUNP OUT TEMP - LOOP 2 77 fs12' 32 | of 72 asa| 80 |s586| DEG.F.
V61R2742A | H,0 INTCHGR. FLOW - LOOP 1 us | o| seo 179 | eo1 [199| 700 |251) -PPH
V61T2744A | H,0 INTCHGR. OUT TEMP. - LOOP 1 50 614 | 46 s32| 54 |66 DEG.F.
V61X2860E | IMU FAN A SPEED 0 of 1 |1 STATE
V61X2861E | IMU FAN B SPEED 0 o] 1 |1
V61X2862E | IMU FAN C SPEED 0 of 1 |1
V61P2869A | IMJ FAN AP 4.2 614 o [0 mntz:lo!s

*NOTE: This measurement uses the range 1imit conversion method of calculating FSEU .
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1. INTRODUCTION

This model simulates the Orbiter Atmosphere Revitalization/Pressurization and
Control-Airlock System (AR/PCS-Airlock) by representing the stimulus/response
relationships which exist at the power and signal interfaces between the
Orbiter Avionics System and the AR/PCS-Airlack. The model has been simplified
by including only those output signals which are needed to support the type
of testing which will be accomplished in the Shuttle Avionics Integration
Laboratory (SAIL).
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2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed
in Table 1 to produce values for the output measurements listed in Table 2
that simulate the operation of the AR/PCS.

2.1 MATH MODEL DESCRIPTION

2.1.1 AR/PCS MODEL OVERVIEW

The AR/PCS provides the Orbiter with a pressurized atmosphere of oxygen and
nitrogen, and supplies nitrogen for pressurization of the Orbiters' potable
and waste water system. Two lines from the Fuel Cell/Cryogenic System
(FC/CRY0) supply oxygen to the AR/PCS, which are backed up by an emergency
oxygen tank in the AR/PCS. Four nitrogen tanks in the AR/PCS supply the
necessary nitrogen. For reliability, two independent systems control the
atmosphere and water pressurization, with crossover valves providing addi-
tional reliability. Figure 1 and figure 2 are simplified schematics of the
AR/PCS and airlock, respectively, showing the various tanks, regulators and
valves.

In the AR/PCS-Airlock math model, the QPEN or CLOSED position of the manual
values must be entered by the test operator when cockpit valves are changed,
so that the AP/PCS-Airlock math model will generate realistic data.

Fixed values are provided for the pressure and temperature of the oxygen
and nitrogen tanks. Tank quantities, as calculated by the flight system
GPC based on tank pressures and temperatures, will remain unchanged unless
different pressure and temperature values are sent by the test operator
while the math model's output for these parameters is inhibited.

2.1.2 LATCHING VALVE ROUTINE (LVR)

The math model uses three internal variables (A, B, and V) in subroutine
called Latching Valve Routine (LVR). A and B represent the state of CLOSE
and OPEN stimuli, respectively, to a valve. V represents the OPENED or
CLOSED state of the valve based on A and B values.

S o mmdEoo o i .
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2.1.3 INITIAL CONDITIONS
Note that initial conditions for STS are the sa
see GTS PREPROCESSOR LOGIC.

me as those listed for GTS;

2.2 STS UNIQUE REQUIREMENTS

None.

2.3 GTS_UNIQUE REQUIREMENTS
2.3.1 PREPROCESSOR LOGIC

The AR/PCS math model was originally vequired in the STS simulator. The
math model input stimuli symbols referred to in the logic flow diagram,
2, are ATA Reference connec
n the GTS simulator, logic functions that

load MDM's and the AR/PCS subsystem are
aluate values for the input

section 3.
of flight hardware circuitry i

bridge the gap between the pay

d in a GTS preprocessor in order to ev

require
r to execution of the model.

stimuli coming from the GPC prio

tor and pin numbers. Due to the lack




3. MATH MODEL LOGIC
This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

The basic input stimuli to the model are identified'by ATA reference system
connector-pin (CP) numbers. A logical combination of one or more MML numbers
is used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished via hardware circuitry. However,
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and MML must be effected by software. The following
logical equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML to be combined by

the logical product (AND) and the inclusive lbgical sum (OR). In these
instances, "AND" denotes the logical product and "OR" denotes the inclusive
logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column lists the input stimuli initialization values required.

Notice that inputs containing.an entry for SOURCE do not have an initialization
value, since they are updated at the GTS simulator cycle rate by the source
connection. )
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GTS MATH MODEL STIMULI - AR/PCS/AL
MML 'TO CONN-PIN CONVERSION LOGIC

%ﬁmm MML 1D SOURCE™ INITIALIZATION VALUES
MDM CONN/PIN :

K80P31-10 = V61K2000E | :
31-12 = 2020€ 0 ;
30-10 = 2040E 1 3
30-12 = 2060E 0 3
27-30 = 2100€ ' 1 i
28-30 = 2200€ 1 |
25-10 = 2133F 0 %
25-12 = 2134E 1 ;
26-10 = 2137€ 0 i
26-12 = 2138E 1
34-32 = 2162E 0
34-5 = 2164E 1
3.5 = 2304E 1
3.3 = 2305€ 0
34-36 = 2314E 0
34-17 = 2315€ 1
34-34 = 2317€ 0
38-11 = 2318E 1
33-11 = 2322E 1
33-9 = 2325€ 0
2729 = 2370E 1}

Vv 28-29 = V2375 0

KAWS2D P6-S= V64K0500E 0

P6-T= 0501E |
P4-13= | O0510E 0
P4-11= | OS1E 1
P6-B= 0520E 0
P6-C= 0521E 1
P5-13= | 0530E 0

J Ps-N= | 0S3IE ]

K80P27-37 = ww | i
28-37 = J, : |

Jo29-22 = !

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD

**ARTIFI

CIAL MML ID S ARE TO BE SUPPLIED BY PROGRAMMER. -7

P . P T Tty [ T A——
i re WY ew® s CF T AT XY S ‘?77-
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system ennincering
units (FSEU) while the corresponding model count value is listed ouiside the
box. For example, the box on the right hand below;

EU
mDELCTS

vésPnooA = 51440 |visprooaz 626|534
vdsT101A =~ 162(385 |vdsTI01A= = 35 [44Q
vdSTHOTA = = 166Xl VASTNOTAZ -107| 235
vi57 11 09A = -167j283 [vdsT1109a= -139(3Q1
vispnioA:= s11] 4 [vdspnidA= 150]48 |

shows that V45P1100A is set equal to 626 FS
MC)DELCTS shown outside the box.

EU which is equivalent to 534

H-3




CALL LVR
A3 KB80PRS -0
z KeoPas-12

Ybix2130€s Vv
enaudie s V

1

CALL v
A X8oPab- 10
82 kEoPab - 12

cLs
ENAB TWMeAL
SET STATENENT
CAB RLF VLV A
(XYY
ENAB

Vemassee v

Yeixaidpes v

CAB RLF VLV 8

CAL- LR
At kgob30-10

(8skE0P30- 12

s
OMN

bixacksee v

CAB VENT VLY

6SEs ¥

[ calL R
A= KBoP31-10

cLs

SKBOPI\ =12

'vux avsSE: v

[OPN

CAB venT

,vg\xg1§e v |

CAaLL LVR

RL VW

LS
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OPN
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CALL LVR
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g Keop3d -3

cLS
OPN

verxadneEs v
veixasides V
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4.1

4. TABLES

INPUT STIMULI LIST

Table 1 contains a 1ist of all model input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.)
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked "SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

1.
2.
3.
4,

Both GND commands req'd to open valve.

F1t. System CMDS to STS or GTS NAS.

Unique to GTS - stimulus from NAS Kybd to GPC.

GND commands only - no onboard switch or GPC CMDS.
Will be entered at NAS Kybd for GTS.

Power connections are not identified by MML no.
Pseudo entered by operator at DCM or NAS Kybd.
Conn-pin designation uses same ML ID as line above.
Both switch commands req'd to open valve.

Both GPC commands req'd to open valve.

Stimulus provided by other model.

These commands are mutually exclusive.

Stimuli from MMES, for GTS NAS only. . x
Flioht System commands to STS NAS only.

Flight System commands to GTS NAS only.




4.1.2 PSEUDO VARIABLE INITIALIZATION

The following pseudos are initfalized as follows:

INITIAL
VARIABLE CONDITION
W1 1
Mv2 0
MV3 1
MV4 0
MVS 1
MV6 0
MV7 0
Mv8 0
MV9 1
MV10 0
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TABLE 1 - STIMULI Ii

T FOR AR/PCS/AL

PAGE 1 of 3

pencL/ NOMENCLATURE NOTES| MML ID. 3, STATE
L2/S15 02/5YS 1 XOYR VLV CMD - OPN 5 V61K2100E K80P27-30 1-0PN/0O-CLS
L2/518 02/SYS 2 XOVR VLV CMD - OPN 5 V61K2200E K80P28-30 1-0PN/0-CLS
L2/S3 CABIN VENT ISGL VLV CMD - CLS 5 V61K2000E K80P31-10 1-CLS/0-0FF
CABIN VENT ISOL VLV CMD - OPN 5 V61K2020E QPETP31-12 1-0PN/0-0OFF
' L2/54 CABIN VENT VLV CMD - CLS 5 V61K2040E TkﬂOPJO-lO 1-CLS/0-0FF
CABIN VENT VLV CMD - OPN 5 | V61K2060E  |K8OP30-12 1-0PN/0-OFF
L2/513 N2 SYS 1 SPLY CMD - CLS 5 | V61k2325E |K8OP33-9 1-CLS/0-0FF
N2 SYS 1 SPLY CMD - OPN 5 V61K2322E K80P33-11 1-0PN/0-0OFF
L2/s21 N2 SYS 2 SPLY CMD - CLS 5 | V61K2315E |K8OP34-17 1-CLS/0-OFF
N2 SYS 2 SPLY CMD - OPN 5 V61K2314E K80P34-36 1-0PN/O-0OFF
L2/514 N2 SYS 1 REG INLET CMD - CLS 5 | v61k2305 |K80P33-3 1-CLS/0-OFF
N2 SYS 1 REG INLET CMD - OPN 5 V61K2304E K80P33-5 1-0PN/0-0OFF
L2/522 N2 SYS 2 REG INLET CMD - CLS 5 | V61K2318E | K80P34-11 1-CLS/0-OFF
N2 SYS 2 REG INLET CMD - OPN 5 | V61K2317E  |KBOP34-34 1-0PN/0-GFF
L2/S1 CABIN RLF VLV A CMD - CLS 5 V61K2133E K80P25-10 1-CLS/0-0FF
CABIN RLF VLV A CMD - ENABLE 5 V61K2134E K80P25-12 1-ENABLE/0-0
L2/s2 CABIN RLF VLV B CMD - CLS 5 | V61K2137E  |KBOP26-10 1-CLS/0-OFF
CABIN RLF VLV B CMD - ENABLE - 5 | V61K2138E  |K80P26-12 1-ENABLE/0-0

i
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TABLE 1 - STIMULI INPL AR/PCS/AL PAGE 2 of

R NOMENCLATURE NOTES| MML ID. I, STATE
L2/516 02/N2 CONT VLV SYS 1 - OPN, AUTO 5 | veik2azoe | ksop27-29 1-0PN/0-CLS
L2/519 02/N2 CONT VLV SYS 2 - OPN, AUTO 5 | V61K237SE | K80P28-29 1-OPN/0-CLS
L2/512 02 EMER CMD - CLS 5 | V61K2164E | KBOP34-5 1-CLS/0-OFF

02 EMER CMD - OPN 5 | V61K2162E | K8OP34-32 1-0PN/0-OFF
014/CB19  |CABIN PRESS SENSOR PWR MNA 5,6 KBOP27-37 1-ON/0-OFF
015/CB18 |02 PARTIAL PRESS CONT PWR - MNB 5,6 K80P28-37 1-ON/0-OFF
015/CB16  |CABIN PRESS DECAY SENSOR PWR - MNB 5,6 K8OP29-22 1-ON/0-OFF
MO10W SYS 1 CAB REG INLET VLV CMD - OPN 7 MVY 1-0PN/0-CLS
MO10W SYS 2 CAB REG INLET VLV CMD - OPN 7 M2 1-0PN/0-CLS
MO10W SYS 1 H20 TK REG INLET VLV CMD - OPN 7 M3 1-0PN/0-CLS
MO10W SYS 2 H20 TK REG INLET VLV CMD - OPN 7 MV4 1-0PN/0-CLS
MO10W SYS 1 02 REG INLET VLV CMD - OPN 7 V5 1-0PN/0-CLS
MO10W SYS 2 02 REG INLET VLV CMD - OPN 7 MV6 1-0PN/0-CLS
MO10W N2 XOVR VLV CMD - OPN 7 My7 1-0PN/0-CLS
MO10W 02 EMER SUPPLY VLV CMD - OPN 7 M8 1-OPN/0-CLS
AIRLOCK A/L DEPRESS VLV - OF:: 7 MV9 1-0PN/0-CLS
AIRLOCK A/L EQUAL VLV - OPN 7 MV10 1-0PN/0-CLS
AWB2D/S2  |EMU 1 WASTE H20 VLV - OPN 5 | V64KOSOOE | KAWB2D P6-S | 1-OPN/O-OFF

EMU 1 WASTE H20 VLV - CLS 5 | V64KOSO1E | KAWS2D PG-T | 1-CLS/O-OFF

G s e
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TABLE 1 - STIMULL 'PUT FOR AR/PCS/AL PAGE 3 o
PANEL/ SYSTEM
SWITCH NOMENCLATURE NOTES MML ID. CONN-PIN STATE
AW820/54 EMU 2 WASTE H20 VLV - OPN 5 V64K0520E KAW82D P6-B 1-0PN J-0FF
EMU 2 WASTE H20 VLV - CLS 5 V64K0521E KAW82D P6-C 1-CLS 'C-OFF
AW82D/S1 EMU 1 F20 SUPPLY VLV - OPN 5 V64K0510E KAW82D P4-13 1-0PN "2-OFF
EMU 1 H20 SUPPLY VLV - CLS 5 V64K0511E - KAW82D P4-11 1-CLS/ C-OFF
AW820/S3 EMU 2 H20 SUPPLY VLV - OPN 5 V64K0530E KAW82D P5-13 1-0PN; J-OFF
EMU 2 H20 SUPPLY VLV - CLS 5 V64KO0531E KAWB2D P5-11 1-CLS/0-0FF
PRSD 02 ECS PRI SUPPLY VLV - OPEN V45X1080E 1-0PN/Q-CLS
PRSD 02 ECS SEC SUPPLY VLV - OPEN N V45X1083E 1-0PN/0-CLS
PRSD 02 MANIF 1 PRESS V45P1140A 0-1200 PSIA
PRSD 02 MANIF 2 PRESS V45P1145A - 0-1200 PSIA

Wi,
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4.2 OUTPUT MEASUREMENT LIST

Table 2 1ists all model outputs along with the inital condition value for
the output. Measurement 1.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. indicates initial
condition values. VALUE 1 typically indicates nominal viaues. VALUE 2 and*
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS. For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.
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MEASUREMENT QUTPUT FROM AR/PCS MODEL - TABLE 2

“EASUREMENT I.C. VALUE 1 VALUE 2 VALUE 3
1. C. MEASUREMENT NAME s = Tosl 5 Gl Bl UNITS
V61X2321E | N2 SYS 1 Reg Inlet VLV-Open 1 ] 0 0 STATE
V61X2323E | N2 SYS 1 Supply VLV-Open 1 1 0 0 STATE
V61X2328E { N2 SYS 2 Reg Inlet VLV-Open 0 0 1 1 STATE
V61X2372E | 02/N2 CNTLR VLV-SYS 1 Open 1 1 0 0 STATE
V61X2377€ | 02/N2 CNTLR VLV-SYS 2 Open 0 0 1 1 STATE
V61R2401A Cabin Press Rate of Change 0 460 PSI/MIN
V61P2405A | Cabin Press 14 |732 0 6 8 la19 PSIA
V61T2406A | SYS 1 N2 Tank 1 Temp -12 |2s56 DEGF
V61T2407A | SYS 1 N2 Tank 2 Temp 7 |278 DEGF
V61T2408A | SYS 2 N2 Tank 1 Temp .10 |26a . DEGF
V61T2409A | SYS 2 N2 Tank 2 Temp -5 | 284 DEGF
V61P2410A | SYS 2 N2 200 PSI Press 0 ol 228 |1 PSIA
V61X2415E | N2 SYS 1 Reg Inlet VLV-Closed 0 0 1 1 STATE
V61X2416E | N2 SYS 1 Supply VLV-Closed 0 0 1 1 STATE
V61X2420E | N2 SYS 2 Reg Inlet VLV-Closed 1 1 0 0 STATE
V61X2421E | N2 SYS 2 Supply VLV-Closed ] 1 0 0 STATE
V61P2511A 02 Partial Press-A 3.1 } 632 0 0 PSIA
V61P2513A | 02 Partial Press-B 3.2 |653 0 0 PSIA
V61P2515A | 02 Partial Press-C 3.3 | 675 0 0 PSIA
V61R2553A SYS 1 N2 Flowrate 2.7 | 612 0 4 4.45 | 100 LB/HR
V61R2554A | SYS 2 N2 Flowrate 0 8 2.8 lg32 4.35 983 LB/HR
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MEASUREMENT OUTPUT FRCM AR/PCS MODEL - TABLE 2

EASUPEMENT I.C. VALUE 1 VALUE 2 VALUE 3 NIT
1. D. MEASUREMENT NAME s sl e Tesl 5 oSl B I UNITS
V61X2005E | Cabin Vent ISOL VLV-CLOSED 1 1 0 0 STATE
V61X2025E | Cabin Vent ISOL VLV-OPEN 0 0 1 1 STATE
V61X2045E | Cabin Vent VLV-CLOSED 1 1 0 0 STATE
V61X2065€E | Cabin Vent VLV-OPEN 0 0 1 1 STATE
V61R2105A | SYS 1 02 Flowrate 2.5 565 0 f 4.5 |1015 LB/HR
V61P2115A | 02 Reg Press Sys 1 66 221 1.15) O PSIA
V61X2130€ | Cabin Press RLF VLV A- CLOSED 0 0 1 1 STATE
V61X2131E | Cabin Press RLF VLV A-Enabled 1 1 0 0 STATE
V61X2135E | Cabin Press RLF VLV B-CLOSED 0 0 1 1 STATE
V61X2136E | Cabin Press RLF VLV B-ENABLED 1 1 0 0 STATE
V61P2161A | EMER 02 Tank Press 2058 579 PSIA
V61X2163E | 02 EMER VLV-Open 0 0 1 1 STATE
V61X2165E ; 02 EMER VLV-Close 1 1 0 0 N STATE
V61P2166A | EMER 02 Supply Press 297 203 0 0 PSIA
V61R2205A | SYS 2 02 Flowrate 0 8 2.6 591 4.4~ 992 LB/HR
V61P2215A | 02 REG Press SYS 2 0 4 69 237 PSIA
V61T2216A | EMER 02 Tank Temp -20 223 DEGF
V61P2301A | SYS 1 N2 Supply Press 1562 450 PSIA
V61P2307A | SYS 1 N2 17 PSI Press 15 763 0.06f O PSIG
V61P2309A | SYS 2 N2 Supply Press 1601 458 PSIA
V61P2310A | SYS 1 N2 200 PSI Press 224 782 0 16 PSIA
V61P2311A | SYS 2 N2 17 PSI Press 0 2 17 872 PSIG
V61X2319€ | N2 SYS 2 Supply VLV-Open 0 0 1 1 STATE

E€-H
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MEASUREMENT OUTPUT FROM AR/PCS MODEL - TABLE 2
TASURIvE I.C. VALUE 1 VALUE 2 VALUE 3
. UNITS
1. D. MEASUREMENT NAME FS CTS S c1S FS cIs FS
-AIRLOCK- ‘
V64PO101A | AIRLOCK DIFFERENTIAL PRESS 14.4 | 880 -10 256 0.08 {514 PSID
W 64P0201A | EVLSS H20 SUPPLY PRESS 16 409 PSIG
64P0202A | EVLSS 02 SUPPLY PRESS 760 518 295 | 201 0 0 PSIA
| V64X0505E EMU 1 H20 WASTE-OPEN 0 0 1 1 STATE
! V64X0515E EMU 1 H20 SUPPLY-OPEN 0 0 1 1 STATE
, V64X0525E EMU 2 H20 WASTE-OPEN 0 0 1 1 STATE
V64X0535E EMU 2 H20 SUPPLY-OPEN 0 0 1 1 STATE

*NOTE: This measurement uses the range limit conversion method of calculating FSEU .
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1. INTRODUCTION

The ATCS transports thermal energy in the unpressurized area of the Orbiter,
provides temperature control of selected onboard equipment and rejects excess
heat overboard. The ATCS consists of two freon 21 coolant loops which flow in
parallel through similar components, and have redundant centrifugal pumps.
The ATCS cools the water coolant loops through an interchanger, heats the
Orbiter's hydraulic fluid and crew compartment cryogenic makeup oxygen, and
transports the heat generated by the payload, fuel cell power plants, and
various cold plate electronics. The ATCS rejects the excess heat overboard
during different phases of the mission by means of its radiator subsystem,
flash evaporators, ammonia boiler, and GSE heat exchanger. During on-orbit
operations, whenever the payload bay doors are opened, heat is rejected to
space by the radiator subsystem with the flash evaporator subsystem on
standby to provide supplemental cooling when needed. Whenever the payload
bay doors are closed, heat is rejected by the flash evaporator subsystem,

The flash evaporator also provides cooling above 140,000 feet during ascent
and above 100,000 feet during entry. The ammonia boiler system provides
cooling during entry starting at 100,000 feet and continuing for 15 minutes
after landing. The GSE heat exchanger provides thermal control during ground
operations; no overboard heat rejection is provided during the period from
lift-off until the vehicle reaches 140,000 feet.

1-1




2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed in
Table 1 to produce values for the output measurements listed in Table 2 that
simulate the operation of the ATCS.

2,1 MATH MODEL DESCRIPTION

The model generates values for quantity, flow, temperature, pressure, and
valve positions for each of the two freon coolant loops. The values are
dependent upon input stimuli from the flight system and upon mission phase
indicators uplinked by the test operator. A static set of nominal values
are generated for the flash evaporator heater temperatures and for the para-
meters from the ammonia boiler supply tanks. These static values are
sufficient to meet test objectives and they greatly simplify the model.

Referring to the schematic of the ATCS, figure 1, the flowchart starts at
the flow proportioning valves and progresses around the coolant loops in a
clockwise manner, ending at the flash exporator. Once a complete cycle has
been made and values have been assigned to the output parameters, the values
are transmitted to the flight system.

2.1.1 MISSION PHASE FLAGS

Mission phase flags for the ATCS model are uplinked by the test operator to
assure that the model response is appropriate for the mission phase/segment
or Orbiter configuration being simulated. The following definitions explain
the mission phase flags:

® GSE - When equal to one, ground support equipment provides cooling for the
ATCS. Zero indicates no ground cooling.

e Pl - When equal to one, the payload doors are open and the radiator panel
for ATCS loop one is deployed. Zerc indicates the loop one radiator panel
is not deployed and cannot provide cooling.
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® P2 - When equal to one, the payload doors are open and the radiator panel

for ATCS loop two is deployed. Zero indicates the loop two radfator panel
is not deployed and cannot provide cooling.

Appropriate values for the mission flags in each mission phase are tabulated
below:

FLAGS

PHASE | GSE (b) Pl P2
Prelaunch 1 0 0
Ascent to 140K 0 0 0 ;
Ascent above 140K 0 0 0
On-Orbit 0 (a) (a)
Entry above 100K 0 0 0
Entry below 100K 0 0 0
Landing +15 minutes 1 0 0

(a) Value of flag depends on Orbit configuration.

(b) Briefly setting GSE to one during phase transitions will prevent
transient alarms for V63T1207A and V63T1407A.

2.1.2 INTERNAL VARIABLES

The model uses four internal variables to determine the values of output
parameters,

1D# DESCRIPTIONS

FLO 1 A discrete which represents loop 1 flow through the radiator
(1), or flow bypassing the radiator (0).

FLO 2 A discrete which represents loop 2 flow through the radiator
(1), or flow bypassing, the radiator (0).

m An analog which represents loop 1 evaporator outlet temperature.

T2 An analog which rep-esents loop 2 evaporator outlet temperature.

I-4
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2.1.3 INITIAL CONDITIONS

Note that inital conditions for STS are the same as those listed for GTS;
see GTS PREPROCESSOR LOGIC.

2.2 STS UNIQUE REQUIREMENTS

None

2.3 GTS UNIQUE REQUIREMENTS

2.3.1 PREPROCESSOR LOGIC

The ATCS math model was originally required in the STS simulator. The math
model input stimuli symbols referred to in the logic flow diagram, section
3.2, are ATA Reference connector and pin numbers. Due to the lack of flight
hardware circuitry in the GTS simulator, logic functions that bridge the gap
between the payload MDM's and the ATCS are required in the GTS preprocessor in
order to evaluate values for the input stimuli coming from the GPC prior to
execution of the model.

2.3.2 OPERATOR SUPPLIED INPUTS

Notice that several of the operator supplied inputs within the GTS preprocessor
logic are combined by logical operators to derive the proper value.




3. MATH MODEL LOGIC
This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

The basic input stimuli to the model are identified by ATA reference system
connector-pin (CP) numbers. A logical combination of one or more MML numbers
is used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished via hardware circuitry. However,
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and MML must be effected by software. The following
logical equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML to be combined by

the logical product (AND) and the inclusive logical sum (OR). In these
instances, "AND" denotes the logical product and "OR" denotes the inclusive
logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column lists the input stimuli initialization values required.
Notice that inputs containing an entry for SOURCE do not have an initialization
value, since they are updated at the GTS simulator cycle rate by the source
connection. )
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GTS MATH MODEL STIMULI - ATCS

PAGE 1 of 2

MML 10 CONN-PIN_CONVERSION LOGIC

SYSTEN (V63K-----) SOURCE*
CONN-PIN MML 1D ot CONV/PIN . INITIALIZATION VALUES |
K40P9349-1 = V63K1124Y | PFO2 | J08/042
1
}oosi-1 = | 13zay | prot | Jo8/054
K50P832-A = 1501y | PFOT | J02/087
833-A = 1505Y | PFO2 | J06/009
831-A = 1509y | PFO2 | J02/087
862-J = 1551y | PFO2 | J02/089
AND| 1555Y | PFO2 | 06/031
862-8 = 1551Y | PFO2 | J02/089
AND| 1559y | PFO2 | J06/031
861-J = 1555v | PFo1 | J02/089
AND | 1559Y | PFO2 | J06/031
861-B = 1555Y | PFO1 | J02/089
' AND | 1559 | PFO2 | J06/031
K&0P9348-1 = V63KITTIE 0
| 9350-1 = 13ME 0
KEOPB61-A = | 1186E 0
| 862-A = | 1190¢ 0
KEOP9385-A = 1211E 1
K40P93B5-M = V63KI211E 1
{ ORY 1212E 1
K&OP9386-M = V63K1211E 1
OR| 1212E 1
9386-C = | 1211E 1
9386-A = 1212€ 0
9385-C = 1212€ 0
| 9383-A = 1411E 1
K£OP9383-M = V63K1411E 1
! ORv 1412E 1
K4O0P9384-M = V63KI411E ]
1 ORt 1412€ 1

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.

I-7

**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.




PAGE 2 of 2
GTS MATH MODEL STIMULI - ATCS

MML._TO CONN-PIN CONVERSION LOGIC

SYSTLM (VO3K-nan ) SOURCE*
COt-PIN MHL 1D MOM CONN/PIN . INITIALIZATION VALUES
K40P9384-C = V63KI411E 1
| 9384-A = 1412E 0
.\ 9383-C = 1412€ 0
9385-E = 1214€ 1
9386-E = 1214€ 0
9383-E = 1414 0
4 9384-E = | 1414 0
K40P9385-K =  V63K1221E 0
9386-K = 1221E 0
9383-K = 1421 ]
9384-K = 1421E 1
9333-8 = 1228E ]
9333-7 = 1238E 0
9336-8 = 1428E 1
4 9336-7 = 1438E 0
K50P831-K = 1670E 0
} 832-k = 1670E 0
K40P9333-1 = 2000E 1
9336-1 = | 2050E 1
9385-p = *k 0
9385-N = 1
9386-P = 0
4386-N = ]
9383-P = 0
9383-N = 1
9384-P = 0
+ 9384-N = ¥ 1

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
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3.2 LOGIC FLOW DIAGRAM

The logic flow .diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight system enqincering
units (FSEU) while the corresponding model count value §s listed outside the
box. For exampie, the box on the right hand below;

FSEU

MODEL

R,

WSPIOOA = 516 [440|vispuooa: 6ag 534
vdsTi01A =~ 162[395 visTioia= - 35444
YASTHOTA = - 16C |39} vAsTHO1A: ~ (07 252
VSTI0RA = -167{a83 [vdsTi109a= -139|3Q1

10A= S11] 4 |[vdspnipAs 1sojug

cTs

shows that V45P1100A is set equal to 626 FSEU which is equivalent to 534
HODELCTS shown outside the box.
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4. TABLES

4.1 INPUT STIMULI LIST

Table 1 contains a list of all model'input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked "SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

Both GND commands req'd to open valve. 7
Fit. System CMDS to STS or GTS NAS. E
Unique to GTS - stimulus from NAS Kybd to GPC. '
GND commarids only - no onboard switch or GPC CMDS.

Will be entered at NAS Kybd for GTS.

Power connections are not identified by MML no.

Pseudo entered by operator at DCM or NAS Kybd.

Conn-pin designation uses same MML ID as line above.

Both switch commands req'd to open valve.

Both GPC commands req'd to open valve.

Stimulus provided by other model.

These commands are mutually exclusive.

Stimuli from MMES, for GTS NAS only.

Flight System commands to ST3 NAS only.

Flight System commands to GTS NAS only.
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4.1.2 PSEUDOS VARIABLE INITIALIZATINM

The following pseudos are initialized as following:

INITIAL
VARIABLE | CONDITION
GSE 1
P1 0
P2 0

[-20
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§ TAELE 1 - & INPUT FOR ATCS PAGE 1 of ’
H
3 PANELS NOMENCLATURE NOTES| MML ID. ORI C sTaTe
L1A2/S21 | FCL 1 FLO PROP VLV (PYLD H-X) CMD 5 | v63K1238E | K4OP9333-7  |1-ON/O-OFF
; FCL 1 FLO PROP VLV (INTER H-X) CMD 5 | V63KI228E | K40P9333-8  |1-ON/O-OFF
i L12/S22 | FCL 2 FLO PROP YLV (PYLD H-X) CMD 5 | V63K1438E | K40P9336-7  |1-ON/O-OFF
FCL 2 FLO PROP VLV (INTER H-X) CMD 5 | V63K1428f | K4OP9336-8  |1-ON/O-OFF ]
L1A2/S23 | FCL 1 PMP 1 PWR ON CMD 5 | V63IT11E | K40P9348-1  |1-ON/O-OFF |
FCL 1 PMP 2 PHR ON CMD 2 4 28y | xaoe93ss-1 . |1-N/0-OFF |
L1A2/S24 | FCL 2 PMP 1 PWR ON CMD 5 | V6KI3NIE | K4OPI3SO-1  [1-ON/O-OFF
FCL 2 PMP 2 PWR ON CMD 2 1 2ay | kaop93s1-1  |1-ON/O-OFF
- 017/510 OI SIG COND A PWR ON CMD 5 | V63K2000E | K40P9333-1  |1-AC2/0-OFF
= 017/511 01 SIG COND B PWR ON CMD 5 | V63K2050E | K40P9336-1  |1-AC2/0-OFF
L1A2/526 | FCL 1 RAD TEMP CONT VLV AUTO A CMD 5 | V63KI21E | K4OPOsBS-A  [1-AUTO A/O-OFf
FCL 1 RAD TEMP CONT VLV AUTO B CMD 5 ! 12e | xaopesse-A  |1-AUTO B/0-OFf
FCL T RAD TEMP CONT A PWR ON CMD 5 Vo3KZYIE | k40P9385-M  11-ON/O-OFF ‘
FCL 1 RAD TEMP CONT B PWR ON CMD 5 | }2}22 K40P9386-M | 1-ON/0-OFF |
FCL 1 RAD TEMP CONT AUTO A-FAULT DET B | 5,12 | V63KI21TE | K4OP9386-C 1-AUTO A/O-OFF f
“a
FCL 1 RAD TEMP CONT AUTO B-FAULT DET A V63K1212E | K4OP9385-C 1-AUTO B/0-OFF .
L1A2/S27 | FCL 2 RAD TEMP CONT VLV AUTO A CMD 5 | v63K1411E | K40P9383-A 1-AUTO A/0-OFF |
FCL 2 RAD TEMP CONT VLV AUTC B CMD 5 | V63K1412E | K4OP9384-A 1-AUTO B/0-OFF i
FCL 2 RAD TEMP CONT A P4R ON CMD s | ¥ Ima | xaoessszm | 1-on/0-0FF qj
¥ o e e ; " R — ‘
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TABLE 1 - STIM.  INPUT FOR ATCS PAGE 2 of 3

PAREL/ NOMENCLATURE NoTES| ML 1D. | 25eREM STATE

L1A2/S27 | FCL 2 RAD TEMP CONT B PWR ON CMD 5 | "2 | xaopo3sam  [1-on/0-0FF

Ot 7 RAD TEMP CONT AUTO A-FAULT DET B 512 | VEIKIANIE | k40P93B4-C  [1-AUTO A/O-OFF
FCL 2 RAD TEMP CONT AUTO B-FAULT DET A V63K1412E | KAOP9383-C  [1-AUTO B/O-OFF

L1A2/S35 | FCL 1 BYP VLV (MAN/CONT A AUTO) CMD 5 | V63KI221E | K4OP9385-K [1-MAN/O-AUTO
FCL 1 BYP VLV (MAN/CONT B AUTO)CMD K40P9386-K |,

L1A2/S36 | FCL 2 BYP VLV (MAN/CONT A AUTO) CMD 5 | V63KIZ1E | K4OPI3B3-K , [1-MAN/0-AUTO

| FCL 2 BYP VLV (MAN/CONT B AUTO) CMD K40P9384-K

L1A2/S29 | FCL 1 RAD MAN BYP A CMD 5 K40P9385-P [1-BYP/0-OFF
FCL 1 RAD MAN FLOW A CMD 5 85-N  [1-RAD/0-OFF
FCL 1 RAD MAN BYP B CMD 5 86-P  [1-BYP/0-OFF
FCL 1 RAD MAN FLOW B CMD 5 T 86-N  [1-RAD/O-OFF

LIA2/S30 | FCL 2 RAD MAN BYP A CMD 5 K40P9383-P [1-BYP/0-OFF
FCL 2 RAD MAN FLOW A CMD 5 83-N  11-RAD/O-OFF
FCL 2 RAD MAN BYP B CMD 5 84-p  [1-BYP/0-OFF

i FCL 2 RAD MAN FLOW B CMD 5 84-N  [1-RAD/0-OFF

L1A2/542 | NH3 BOILER CONT A (SEC/ON) CMD 5 | V63KIT86E | K5OPB61-A  [1-SEC-ON/O-OFF
NH3 BOILER CONT A (PRI/GPC) CMD 2 1555Y ¥861-0  -PRI-GPC/0-OFF
NH3 BOILER ISOL VLV (SYS A) CMD 1559y | K50P861-B  1-OPN/0-CLS




- : —_
TABLE 1 - STIMY  UT FOR ATCS PAGE,
-
il NOMENCLATURE NoTES| ML 1D. | eaTEH STATE
i L1A2/543 | NH3 BOILER CONT B (SEC/ON) CMD 5 |vex1190e  |Ksopse2-a 1-SEC-ON/0-0F
| _NH3 BOILER CONT B (PRI/GPC) CMD 2 1551Y | 862-9 1-PRI-GPC/0-0
| NH3 BOILER ISOL VLV (SYS B) CMD 1559y | Ks0pg62-B 1-0PN/0-CLS
L1A2/S31 | FLASH EVAP PRI A CONT CMD 2 |v63k1509y | K50P831-A 1-ON/0-OFF
L1A2/S32 | FLASH EVAP PRI B CONT CMD 2 |[vesisory  [xsopsaz-n  [1-oN/0-OFF
L1A2/S33 | FLASH EVAP SEC CONT CMD 2 | V631505 | K50P833-A 1-0N/0-OFF
L1A2/S34 | FLASH EVAP PRI A HI LOAD ENABLE CMD 5 [waeroe  ksoemsi- Jo-EMABLE/
B FLASH EVAP PRI B HI LOAD ENABLE CMD K50PE32-K
% | L1A2/s25 | FCL 1 RAD TEMP CONT A-HI TEMP CMD 5 |v63k1214E  |K4oPo3BS-E | 1-HI/O-NORM
FCL 1 RAD TEMP CONT B-HI TEMP CMD 5 |veskizi4E | Kao0p93s6-E
FCL 2 RAD TEMP CONT A-HI TEMP CMD 5 |Vv63K1414E | K40P9383-E
FCL 2 RAD TEMP CONT B-HI TEMP CMD 5 |veaanee | xaoposseg |
GSE COOLING FLAG 7 = 1-ON/0-OFF
| FCL 1-SPACE RAD DEPLOYED FLAG | Pl
; FCL 2-SPACE RAD DEPLOYED FLAG P2




{
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4.2 QUTPUT MEASUREMENT LIST

Table 2 1ists all model outputs along with the inital condition value for
the output. Measurement I1.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. indicates initial
condition values. VALUE 1 typically indicates nominal viaues. VALUE 2 and
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS. For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.
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MEASUREMENT OUTPUT FROM ATCS  MODEL - TABLE 2
MEASUREMEN] I.c. VALUE 1 VALUE 2 VALUE 3 -
1. L. MEASUREMENT NAME - o s s oy TP URITS
V63R1100A | FCL 1 INTER H-X FLOWRATE 2288 | 787 443 o| 1488 |328 1b/hr
V63R1103A | FCL 1 PYLD H-X FLOWRATE 701 | 321] 180 0| 1152 |75 1b/hr
V63R1105A | FCL 1 COLDPLATE NETWORK FLOWRATE 388 | 72¢ 0 10 1b/hr
V63Q1130A | FCL 1 ACCUMULATOR QUANTITY 60 | sg1 0 92 PCNT
*V63T1180A| NH3 SYS A TANK TEMP 65 | 573 DEGF
#V63T1188A| NH3 SYS B TANK TEMP 70 | 598 DEGF
*Y63P1196A| NH3 SYS A TANK PRESS 450 | 767 PSIA
*V63P1197A| NH3 SYS B TANK PRESS a7s | 810 PSIA
V63T1207A| FCL 1 EVAP OUT TEMP. 32 | 1s8] 38 |231 a2 |86l 70 6a2| DEGF
40 256 34 180 58 489|
V63T1208A| FCL 1 RAD OUTLET TEMP 100.7| 739 35 194 36 207 37 2191 pegr
V63T1209A| FCL 1 RAD INLET TEMP 80 | 514 DEGF
V63X1222E| FCL 1 RAD BYP VLV POSN-RAD 0 0 1 1 STATE
} V63X1223E| FCL 1 RAD BYP VLV POSN-BYP 1 ] 0 0 STATE
" | V63X1230E| FCL 1 FLO PROP VLV POSN-INTER H-X 1 1 0 0 STATE
V63X1231E| FCL 1 FLO PROP VLV POSN-PYLD H-X 0 0 1 1 STATE
V63R1300A| FCL 2 INTER H-X FLOWRATE 2341 | 825! 443 of{ 1540 | 350 1b/hr
V63R1303A| FCL 2 PYLD H-X FLOWRATE 729 | 382 180 o] 1178 | 798 1b/hr
V63R1305A| FCL 2 COLDPLATE NETWORK FLOWRATE 356 | 745 0 10 1b/hr
v63Q1330A] FCL 2 ACCUMULATOR QUANTITY 65 | 622 0 | 92 PCNT
v63T1407Al FCL 2 EVAP OUT TEMP 33 | 1e8] 39 |246 43 |297] 7N 657 DEGF
a1 |270 35 | 194 59 | s01
V63T1408A| FCL 2 RAD QUTLET TEMP 109 | 820 34 180 36 1207} 37 | 219} pegr

*NOTE: This measurement uses the range limit conversion method of calculating FSEu .




MEASUREMENT QUTPUT FROM ATCS MODEL - TABLE 2

MEASUREMENT re. | vawe VALUE 2 VALUE 3 i
I.D. MEASUREMENT NAME ;s Lol s lesl s Tasl s Taslor |
V63T1409A | FCL 2 RAD INLET TEMP 9% | 61 DEGF
V63X1422E | FCL 2 RAD BYP VLV POSN-RAD 0 0 1 1 STATE
V63X1423€ | FCL 2 RAD BYP VLV POSN-BYP 1 1 o | o STATE
V63X1430E | FCL 2 FLO PROP VLV POSN-INTER H-X 1 1 o | o STATE |
V63X1431E [ FCL 2 FLO PROP VLV POSN-PYLD H-X o | o 1 1 STATE |
V63T1800A [ FLASH EVAP TOPPING DUCT-PORT TEMP 168 | 692 DEGF
V63TI801A | FL EVAP TOPPING DUCT TEMP D 160 | 415 DEGF
V63T1802A | FL EVAP TOPPING DUCT TEMP E 164 | 426 DEGF
V63T1810A | FLASH EVAP TOPPING DUCT-STBD TEMP 172 | 708 DEGF
V63T1820A| FLASH EVAP HI LOAD DUCT TEMP 152 | 395  DEGF
V63T1821A| FL EVAP HI LOAD DUCT TEMP B 156 | 405 DEGF
V63T1870A| FLASH EVAP H,0 FDLN TEMP 1-L 85 | 546 DEGF
V63T1871A| FLASH EVAP H,0 FDLN TEMP 1-R 89 | 571 DEGF
V63T1872A| FLASH EVAP H,0 FDLN TEMP 2-L 86 | 552 DEGF
V63T1873A| FLASH EVAP H,0 FDLN TEMP 2-R % |s77 DEGF
V63T1874A| FLASH EVAP H,0 FDLN TEMP 3-L 87 | 559 DEGF
V63T1875A| FLASH EVAP H,0 FDLN TEMP 3-R 91 |s583 DEGF
V63T1876A] FLASH EVAP H,0 FDLN TEMP 4-L 88 | 565 DEGF
V63T1877A| FLASH EVAP H,0 FDLN TEMP 4-R 92 |59 DEGF
V63T1878A| FLASH EVAP NOZZLE TEMP - LEFT 94 | 389 DEGF
V63T1879A| FLASH EVAP NOZZLE TEMP - RIGHT 712|299 DEGF
V63T1890A| FL EVAP HI LOAD NOZ TEMP C 256 | 661 DEGF
V63R9159A] MID-BODY DFI LOOP FLOWRATE 420 |878 b/hr
! )
MM ...... e o “M;M N J
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1. INTRODUCTION

The model simulates those functions of the Smoke Detection (30) subsystem in

the Orbiter. To simplify the model, only those subsystem functions needed to
support testing of the Shuttle avionics system are provided.

J-1
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2. DETAILED REQUIREMENTS “

These requirements specify the logical processing of the input stimuli listed
in Table 1 to produce values for the output measurements listed in Table 2
that simulate the operation of the SDS.

2.1 MATH MODEL DESCRIPTION
2.1.1 SDS FUNCTIONAL CHARACTERISTICS

The SDS consists of several detector head (detector) assemblies. Each
detector head shall sense any significant increase in the gaseous or particu-
late products of combustion or decomposition within the cabin or avionics bays.
The logic device shall use the input and send a signal to appropriate

warning lights on the detection and fire suppression control panel. The

detector shall be designed to provide a warning during the incipient stage

(the starting phase or pre-smoke stage) of a potential fire condition to

permit certain cabin or avionics system evaluation and troubleshooting \
prior to an overheat condition or outbreak of an open flame. Figure 1

presents the SDS functional diagram.

A. The detector function is to sense a predetermined concentration or rate
of increase of concentration of gaseous or particulate products of
combustion or decomposition and then, through a built-in logic unit,
send a signal to the smoke detection and fire suppression control panel.
The signal turns on the "smoke warning” light for the affected area.

B. The crew, alerted by this warning may monitor the concentration ievel
and start a systematic investigation of the equipment in the affected
area and take appriopriate action.

C. When the smoke (incipient fire) condition exists, the "reset" button on
the panel may be pressed to verify the smoke condition. If the
incipient fire condition has been corrected, the "smoke warning" light
will remain off. The detector is now ready to sense a new incipient fire.
In the event that the smoke or incipient fire condition still exists, the 5
warning light will come on again. The concentration level may be monitored }

J-2
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Figure 1 - Smoke detection system functional diagram.
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to verify if the level is increasing or decreasing during the trouble-
shooting period.

D. The detector can be interrogated in flight or on ground for an electrical
operability check, by depressing a "circuit-test" button on the panel.

2.1.2 SMOKE CONCENTRATION VALUES

particle concentration values are input to the model by tne test operator.
Once set, they remain constant until another value is uplinked.

2.1.3 INITIAL CONDITIONS

Note that initial conditions for STS are the same as those listed for GTS;
see GTS PREPROCESSOR LOGIC.

2.2 STS UNIQUE REQUIREMENTS

None.

2.3 GTS UNIQUE REQUIREMENTS
2.3.1 PREPROCESSOR LOGIC

The SDS math model was originally required in the STS simulator. The math
model input stimuli symbols referred to in the logic flow diagram, section
3.2, are ATA Reference connector and pin numbers. Due to the iack of flight
hargware circuitry in the GTS simulator, logic functions that bridge the gap
between the payload MDM: and the SDS are required in a GTS preprocessor in
order to evaluate values for the input stimuli coming from the GPC prior to
execution of the model.
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3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while

the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

L]

The basic input stimuli to the model are identified by ATA reference system
connector-pin (CP) numbers. A logical combination of one or more MML numbers
s used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished via hardware circuitry. However,
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and MML must be effected by software. The following
logical equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML. to be combined by

the logical product (AND) and the inclusive logical sum (OR). In these
instances, “AND" denotes the logical product and "OR" denotes the inclusive
logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column lists the input stimuli initialization values required.

Notice that inputs containing an entry for SOURCE do not have an initialization
value, since they are updated at the GTS simulator cycle rate by the source
connection. )




GTS MATH MODEL STIMULI - SDS
MML TO CONN-PIN CONVERSION LOGIC

SYSTEM SOURCE*
CONN-PIN MML 1D MDM CONN/PIN

INITIALIZATION VALUES

K30P139-8

K81P120-8

K82P108-8 ) = V62K0802E 0
K83P63-8

K90P28-8

K30 ¢-8
K81P121-8( _ 806E 0
K82P109-8 , :

K83P64-8

K81P121-7
K83P63-7

K30P122-7
X30P139-7

= 816t 1
K82P108-7

- 815E ' ]

K83P64-7

K81P120-7
K82P109-7
K90pP28-7

= 817E 1

K30P122-4 = **
K30P139-4 =
K81P120-4 =
K81P121-4 =
K82P108-4 =
K82P109-4 =
K83P63-4
K83P64-4
K90P28-4

O O O 0O 0O O o O O

H
Z
&

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS. KYBD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.

REXY)
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are listed in
boxes and decisions, the value inside the box is in flight systen ennincering
units (FSEU) while the corresponding model count value is listed ouiside the
box. For example, the box on the right hand below;

FSEU
MODEL TS

V
visPiooA = 516440l visprooa= 66| 534
vdstTio1A == 162]a85 |vésTi01A= = 35 (44
vdsTinota = - 166JaQ1vdsTno1A: 107 358%

vé5TI0AA = =16 7[A83 [vdsT 1109 =139|3Q!
Ivdseirion= s11) 4 |vdseinibA: _1S50J48 |

shows that VASPT100A is set equal to 626 FSEU which is equivalent to 534
MODELCTS shown outside the box.
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4. TABLES

4.1 INPUT STIMULL LIST

Table 1 contains a list of all model input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked "SYSTEM CONN-PIN",
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

1. Both GND commands req'd to open valve.
2. Fl1t. System CMDS to STS or GTS NAS. )
3. Unique to GTS - stimulus from NAS Kybd to GPC.
4, GND commarids only - no onboard switck or GPC CMDS.
§. Will be entered at NAS Kybd for GTS.
6. Power connections are not identified by MML no.
7. Pseudo entered by operator at DCM or NAS kybd.
8. Conn-pin designation uses same MML ID as line above.
9. Both switch commands req'd to open valve.
10. Both GPC commands req'd to open valve.
11. Stimulus provided by other model.
12. These commands are mutually exclusive.
‘13, Stimuli from MMES, for GTS NAS only. .
14. Flight System commands to STS NAS only.
15. Flight System commands to GTS NAS only.
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TABLE 1 - ST INPUT FOR SDS PAGE 1 of 2 & _
PANEL/ NOMENCLATURE NOTES| MML ID. RPN STATE
LIA1/S8 BAY 1/DETECTOR A V62KOB02E | K81P120-8 - -TST/0-NO TsT|
BAY 2/DETECTOR A K82P108-8 _t-TST/o-no TST]
BAY 3/DETECTOR A 5 KB3P63-8 h-TST/0-N0 T51]
LEFT FLT DECK K30P139-8 ﬁ-rsrzo-no TsT]
CABIN K90P28-8 D-T57/0-N0 TST
BAY 1/DETECTOR B V62KOBOGE | K81P121-8 I-TST/0-NO TST
BAY 2/DETECTOR B 5 KB2P109-8 - fI-TST/0-NO TsT]
BAY 3/DETECTOR B K83P64-8 ll-TST/O-NO 1s
RIGHT FLT DECK K30P122-8  [1-TST/0-NO TST,
L1A1/S7 BAY 1/DETECTOR B 5 | V62KOBISE  |K81P121-8 1-RESET/0-OFF
BAY 3/DETECTOR A K83P63-7 1-RESET/0-OFF
BAY 3/DETECTOR B V62KOBI6E  |K83P64-7 1-RESET/0-OFF
BAY 2/DETECTOR A 5 K82P108-7 1-RESET/0-OFF
LEFT FLT DECK K30P139-7 1-RESET/0-OFF
RIGHT FLT DECK K30P122-7 1-RESET/0-OFF
BAY 1/DETECTOR A 5 | V62KOBITE |K81P120-7 1-RESET/0-OFF
BAY 2/DETECTOR B K82P109-7 1-RESET/0-OFF
CABIN K90P28-7 1-RESET/0-OFF
........ sl sl S " 4

e
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TABLE 1 - STi I INPUT FOR SDS PAGE 2 2
el NOMENCLATURE NoTES| ML 10. | 20SREN STATE
014/CB7 LEFT FLT DECK MN A PWR 5,6 K30P139-4 1 ~0N/O-OFF

RIGHT FLT DECK MN A PWR K30P122-4 1-0N/0-OFF
016/CB6 CABIN MN C PWR 5,6 K90P28-4 1-ON/0-0FF
016/CB7 | BAY 1/DETECTOR A MN C PWR 5,6 KBIP120-4  [1-ON/O-OFF

BAY 2/DETECTOR B MN C PWR K82P109-4 1-ON/0-OFF
014/CB8 BAY 2/DETECTOR A MN A PWR 5,6 K82P108-4 1-0N/0-0FF

BAY 3/DETECTOR B MN A PR KB3P64-4 1-0N/0-OFF
015/CB7 | BAY 3/DETECTOR A MN B PUR 5,6 K83P63-4 1-N/0-OFF

BAY 1/DETECTOR B MN B PWR 5,6 K8IP121-4 |1-ON/O-OFF




4.2 OUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the inital condition value for
the output. Measurement 1.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. 1.C. indicates initial

condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and°

VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS.  For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.
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MEASUREMENT OUTPUT FROM _ SOS  MODEL - TABLE 2
| | EAsuRemENT | 1.C. VALUE 1 VALUE 2 vAWE 3 |
I. D. MEASUREMENT NAME s il e Terel ¥s sl s I URITS

V62Q0608A | SMOKE DET. CONC. A AV. BAY 2 0.71 | 626 MG/M3

V62Q0609A | SMOKE DET. CONC. B. AV. BAY 2 1.00 | 667 MG/M°
| v6200618A | SMOKE DET. CONC. A AV. BAY 1 1.29 | 698 MG/t
| V62Q0619A | SMOKE DET. CONC. B AV. BAY 1 1.60 | 723 Me/M3
| 6200628 | SMOKE DET. CONC. A AV. BAY 3 1.91 | 743 MG/M3
|| v6200629A | SMOKE DET. cONC. B Av. BAY 3 2.20 | 760 MG/M>
| v62x0606E | LH FLT DECK 0 of 1 |1 STATE
j SM DET SIG
[ | ve2x0607€ | RH FLT DECK 0 of 1 1
; SM DET SIG
| V62X0596E | SM DET SIG CABIN 0 of 1 |1

V62X0620E | SM DET SIG 1A 0 of 1 |1

V62XO0610E { SM DET SIG 2A 0 of ¢ |1

V62X0630E | SM DET SIG 3A 0 of 1 1

V62X0621E | SM DET SIG 1B 0 o 1 1

V62X0611E | SM DET SIG 2B 0 of 1 |1 ! Y

V62X0631E | SM DET SIG 38 0 of 1 |1 STATE
o
L
[
y

5
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WATER/WASTE MANAGEMENT MATH MODEL REQUUIREMENTS
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1. INTRODUCTION
This model simulates those functions of the Water/Vaite Management (W/WMS)

subsystem that are in the Orbiter. To simplify the model, only those sub-

system functions needed to support testing of the Shuttle avionics system

are provided. Figure 1 shows an overview of the W/WMS. Figure 2 shows the

waste collector of the Waste Management System.

’
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2. DETAILED REQUIREMENTS

These reguirements specify the logical processing of input stimuli listed
in Table 1 to produce values for the output measurements listed in Table
2 that simulate the operation of the W/WMS.

2.1 MATH MODEL DESCRIPTION

2.1.1 WATER MANAGEMENT SUBSYSTEM

The water management subsystem performs the primary functions of supplying
potable water to the crew for metabolic consumption, to the ATCS flash evap-
orators for vehicle thermal control purposes, cnd to the airlock support
subsystem for recharging the extravehicular life suport system. The water
management subsystem achieves these objectives be collecting and processing
water produced at a rate of approximately 0.8 pound per kwhr by the Oriter
fuel cells before distributing the water to the various sources.

After the water is properly treated, the potable water is stored in four
tanks containing metallic bellows. The water is expelled from the tank by
nitrogen gas supplied at approximately 10 psig by the atmospheric revitaliza-
tion pressure control subsystem (ARPCS) or in contingency conditions by

cabin atmospheric pressure. Should the fuel cell production rates exceed

the water usage requirement and storage capability, the water management
subsystem provides the capability to dump the excess potable water overboard.

2.1.2 WASTE MANAGEMENT SUBSYSTEM

The waste management subsystem provides for collecting, treating, and storing
fecal, urine, cabin humidity condensate, personal hygiene, and airlock waste
water. To accomplish these task, the waste management subsystem employs a
waste collection system which handles solid and liquid waste separately.

Solid wastes, such as fecal material and woilet paper, are collected in a

commode or fecal collection system. Fecal material is directed into the
collector by air flow and the air is passed through a bacteria filter before

K-4

T



returning to the cabin. The fecal material entering the collector is
impinged on the inside surface of the collector by a slinger device. The
waste material is vacuum dried for reduction of mass and bacteria control.
In the event the commode malfunctions, a backup collection system is pro-
vided. The backup system consists of using fecal collection bags.

Liquid waste are collected by a urine/waste water collection system which
is comprised primarily of a urinal collector, water separators and waste
storage tanks. The urinal collector, used in conjunction with a fan/water
separator, collects and transfers the urine into the waste storage tanks.

2.1.3 INITIAL CONDITIONS
Note that initial conditions for STS are the same as those listed for GTS;
see GTS PREPROCESSOR LOGIC.

2.2 STS UNIQUE REQUIREMENTS
NONE

2.3 GTS UNIQUE REQUIREMENTS

2.3.1 PREPROCESSOR LOGIC

The W/WMS math model was originally required in the STS simulator. The
math model input stimuli symbols referred to in the logic flow diagram,
section 3.2, are ATA Reference Connector and pin numbers. Due to the
lack of flight hardware circuitry in the GTS simulator, logic functions
that bridge the gap between the payload MOM's and the W/WMS subsystem are
required in a GTS preprocessor in order to evaluate values for the input
stimuli coming from the GPC prior to execution of the model.
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3. MATH MODEL LOGIC
This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC

The basic input stimuli to the model are identified by ATA reference system
connector-pin (CP) numbers. A logical combination of one or more MML numbers
is used to derive the proper input stimulus for each CP. Within the STS,
the logical combination is accomplished v.a hardware circuitry. However,
within the GTS, due to the absence of the required circuitry, the logical
relations between CP and MML must be effected by software. The following
logical equations are required as a preprocessor within GTS in order to cal-
culate the correct CP stimuli which are then input to the model. Most
equations are merely a direct one-for-one correspondence between CP and MML.
However, some equiations may require more than one MML to be combined by

the logical product (AND) and the inclusive 1ogical sum (OR). In these
instances, "AND" denotes the logical product and "OR" denotes the inclusive
logical sum.

The SOURCE columns contain an entry for the MDM, connector end pin from
which the MML is received. In the absnece of an entry in these columns, the
operator must make the entry via the NAS keyboard.

The final column lists the input stimuli initialization values required.

Notice that inputs containing an entry for SOURCE do not have an initialization
value, since they are updated at the GTS simulator cycle rate by the source
connection.

PO v




GVS_MATH MODEL STIMULI - W/WMS

MML TO CONN-PIN CONVERSION LOGIC

PAGE 1 of 2

SISTEM o SOURCE® INITIALIZATION VALUES
MM | .CONN/PIN -
K90P412-13 = V62K0200E 0
412-11 = 0201E L
401-13 = 0401E 0
a01-11 = 0402E !
402-13 = 0405E 0
402-11 = 0406E ]
403-13 = 0421E 0
403-11 = 0422¢ L
404-13 = 0425€ 0
408-11 = 0426E !
IEUSEIER 0
Yoan-n = | oas !
K40P98-13 = 0460E 0
4 o9g-m - 0462E ‘
K9OP415-13 = 0530€ 0
415-11 = 0531E !
99-13 = 0535E 0
99-11 = | 0536E !
KOSP182 = | OS41E '
Lspigr = 0549E J
K9OP416-33 = | O710E 0
MN6-11 = | oNIE !
a7 = | onae '
41713 = 0715E 0
408-13 ‘= 0750€ 0
408-11 = 0751E !
407-11 = | o754€ 1
407-13 = 0755€ 0
405-13 = 0770€ ¢
voaosn = v oome !

..

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS.KYBD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
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PAGE 2 of 2

GTS MATH MODEL STIMULI - W/WMS
MML_TO CONN-PIN CONVERSION _LOGIC

SYSTEM ‘ SOURCE*
CONN-PIN MML 1D -~ prwy— INITIALIZATION VALUES
K90P406-13 = V62KO774E 0
| a0e-11 = | o775E 1
413-13 = | 1000€ 0
M3-11 = | 1002 1
409-13 = | 1100€ 0
L a09-n1 = | nozx 1
KAOSP1BS = ** 1
Lsmgs = 1

!

*UNLESS SPECIFIED, STIMULI ARE TO BE ENTERED BY OPERATOR AT THE NAS KYBD.
**ARTIFICIAL MML ID'S ARE TO BE SUPPLIED BY PROGRAMMER.
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,

and offpage connectors. Notice that where analog measurements are listed in

boxes and decisions, the value inside the box is in flight system ennincering
units (FSEU) while the corresponding model count value is listed ouiside the

box. For example, the box on the right hand below;

HODELCTS

|7

vés5PnooA = 516[44o|vispiiooa= 6ag 534
vdsTi01A =~ 162]a85|vesTiI0IA= - 35 443
v4sTNOoTA = - 166 (391 vdsTHOTA= - (07 35%
VSTIOAA = -167j2.83 [vdsTI109A= - 139 321
lvéspition: s11) 4 |vdseninA: 1s50]y8 |

shows that V45P1100A is set equal to 626 FSgy Which is equivalent to 534
MODEL .1 shown outside the box.
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4. TABLES

4.1 INPUT STIMULT LIST

Table 1 contains a list of all mode) input stimyli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.]
which follows. Applicable MM numbers are listed next, designating their
connection to input stimuli shown in the column marked "SYSTEM CONN-PIN". °
The final column indicates the states which the input stimyli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

1. Both GND commands req'd to open valve,

2. FIt. System CMDS to STS or 675 NAS.

3. Unique to GTS - stimulus from NAS Kybd to GPC.

4. GND commands only - no onboard switch or GPC CMDS.
5. Will be entered at NAS Kybd for GTS.

6. Power connections are not identified by MML no.

7. Pseudo entered by operator at OCM or NAS Kybd,

8. Conn-pin designation uses same MML ID as lipe above.
9. Both switch commands req'd to open valve.
10. Both GPC commands req'd to open valve,
1. Stimulus provided by othe;: mode].
12. These commands are mutually exclusive.

13. Stimuli from MMES, for GTS NAS only.

14. Flioht System commands to STS NAS only,

15. Flight System commands to GTS NAS only,

g
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TABLE 1 - STIMULI . J1 FOR W/WMS PAGE 1 OF 3

PANEL/ NOMENCLATURE NOTES| ML ID. SR I STATE
R12A2/S3 POT H20 TK A INLET VLV OPEN 5 |ve2k0a01E K90P401-13  [1-OPN/O-OFF
POT H20 TK A INLET VLV CLOSE 5 [v62K0402E K90P401-11  [1-CLS/0-OFF
[Rizaz/sa POT H20 TK A OUTLET VLV OPEN 5  ly52K0405E K90P402-13  [1-OPN/O-OFF
POT H20 TK A OUTLET VLV CLOSE 5  [V62K0406E K90P402-11  [1-CLS/O-OFF
R1242/59 POT H20 TK B INLET VLV OPEN 5  [v62K0421E K90P403-13  [1-OPN/O-OFF
POT H20 TK B INL.T VLV CLOSE 5  [v62K0422E K90P403-11  [1-CLS/0-OFF
R12A2/S10 | POT H20 TK B OUTLET VLV OPEN 5  |[v62K0425E K90P404-13  [1-OPN/O-OFF
POT H20 TK B OUTLET VLV CLOSE 5  [V62KO426E K90P404-11  [1-CLS/0-OFF
R12A2/S14 | POT H20 TK C INLET VLV OPEN 5 |v62K0770E K90P405-13  [1-OPN/O-OFF
POT H20 TK C INLET VLV CLOSE 5  [V62KO771E K90P405-11  [1-CLS/0-OFF
R12A2/S1S | POT H20 TK C OUTLET VLV OPEN 5  |v62K0774E K90P406-13  [1-OPN/O-OFF
POT H20 TK C OUTLET VLV CLOSE 5 |v62K077SE K90P406-11  [1-CLS/0-OFF
ML31C/S2 WASTE TK 1 INLET VLV OPEN 5  |V62K0710E K9OP416-13  [1-OPN/O-OFF
WASTE TK 1 INLET VLV CLOSE 5 [v62K0711E K9OP416-11  {1-CLS/O-OFF
ML31C/S1 WASTE TK 1 DRAIN VLV OPEN 5 |v62K071SE K90P417-13  [1-OPN/O-OFF
WASTE TK 1 DRAIN VLV CLOSE 5 [v62K0714E K90P417-11  [1-CLS/0-OFF
ML31C/S6 WASTE TK 2 INLET VLV OPEN 5 IV62K0750E K90P408-13  [i-OPN/O-OFF
WASTE TK 2 INLET VLV CLOSE 5  N62KOTSIE K90P408-11  NI-CLS/0-OFF
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TABLE 1 - STIMULI INPUT FOR & MS PAGE 2 OF 3
ikl NOMENCLATURE NOTES|  MML ID. ORI STATE
ML31C/S7 | WASTE TK 2 DRAIN VLV OPEN 5 | V62KO755€  |K90P407-13 1-OPN/O-OFF

WASTE TK 2 DRAIN VLV CLOSE 5 | v62Ko754E  |K90P407-11 1-CLS/0-OFF
R12A2/S16 | SEC FLASH EVAP SUPPLY OPEN 5 | V62K0200E  |K90P412-13 1-0PI:/0-OFF
SEC FLASH EVAP SUPPLY CLOSE 5 | V62K0201E  |K90P412-11 1-CLS/0-OFF
K12A2/S6 | POT H20 DUMP ISLN VLV OPEN 5 | V62KO450E  |K90P411-13 1-0PN/0-OFF
POT H20 DUMP ISLN VLV CLOSE 5 | V62KO452E  |K90P411-11 1-CLS/0-OFF
R12A2/S7 | POT H20 DUMP VLV OPEN 5 | V62KO460F | K40P9B-13 1-0PN/0-OFF
POT H20 DUMP VLV CLOSE 5 | veekoss2r  |Ka0P98-11 1-CLS/0-OFF
ML31C/S3 | WASTE H20 DUMP ISLN VLV OPEN 5 | V62KOS30E | K90P415-13 1-0PN/0-OFF
WASTE H20 DUMP ISLN VLV CLOSE 5 | V62KO531E | K90P415-11 1-CLS/0-OFF
ML31C/S4 | WASTE H20 DUMP VLV OPEN 5 | V62K0535€  |K90P99-13 1-OPN/0-OFF
WASTE H20 DUMP VLV CLOSE 5 | v62Ko536E | K90P99-11 1-CLS/0-OFF
ML31C/S8 | WASTE H20 DUMP NOZZLE 5 | V62KOS41E | KAOSP182 1-ON/O-OFF
ML31C/S9 | VACUUM VENT HTR ON 5 | V62KOS49E | K40SP181 1-ON/0-OFF
R12A2/S5 | POT H20 XOVR VLV OPEN 5 | V62KIOOOE |K90P413-13 1-OPN/0-OFF
POT H20 XOVR VLV CLOSE 5 | V62K1I002E | K90P413-11 1-CLS/0-OFF
R12A2/S11 | GALLEY SUPPLY VLV OPEN 5 | v62K1100E |K90P409-13 1-0PN/O-OFF
GALLEY SUPPLY VLV CLOSE 5 | v62K1102E  |K90P409-11 1-CLS/0-OFF

¢
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TABLE 1 - STIMUL T FOR W/wWMS PAGE 3 OF 3
PANEL/ SYSTEM
SWITCH NOMENCLATURE NOTES| MML ID. CONN<PIN STATE
‘ : i
| ; 4
’ ML86B/CB4 | H20 LN HTRS - PRI 5,6 K40SP185 1-0N/0-0FF g
ML86B/CB10 | H20 LN HTRS - SEC 5,6 K40SP186 1-ON/0-OFF !
;‘ N2 REG PRESS 11 | Vv61P2307A 0-20 PSIG a
i #1
u
r
~ |
1 }
< ;
a
F
o
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4.2 OUTPUT MEASUREMENT LIST ) ; é

Table 2 lists all model outputs along with the inital condition value for
the output. Measurement I.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. indicates initial
condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and -
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS.  For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.

K-24
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MEASUREMENT OUTPUT FROM W/WMS MODEL - TABLE 2

MEASUREMEN) I.C. VALUE 1 VALUE 2 VALUE 3 1T
I. 0. MEASUREMENT NAME ~ Tosl & Tl 5 Teasl 5 sl oon
'V62X0203E | SEC FLASH EVAP SUPPLY OPEN IND o |of 1 1 STATE
V62X0204E | SEC FLASH EVAP SUPPLY CLOSE IND 1 1] o 0 STATE
VE2XO403E | POT. H,0 TK A INLET VLV OPEN IND o [o] 1 1 STATE
V62KO404€ | POT. H,0 TK A INLET VLV CLOSE IND 1 (1] o 0 STATE
V6ZXO407E | POT. H,0 TK A OUTLET VLV OPEN IND o {of 1 i STATE
V62X0408E | POT. H,0 TK A QUTLET VLV CLOSE IND 1 [1] o 0 STATE
V6200410A | POT. H,0 TK A QTY o1 s 30 [0 | 99 |964 pCT
V62T0418A | POT. H,0 DUMP LINE TEMP 9.2 |63€| 30 |49 70 |40 DEGF
V62Q0420A | POT. H,0 TK B QTY g1 |sos| 10 fiea! 99 |oes pCT
V62X0423E | POT. H,0 TK B INLET VLV OPEN IND 0 o| 1 1 STATE
V62X0424E | POT. H,0 TK B INLET VLV CLOSE IND 1 f1| o 0 STATE
V62X0427E | POT. H,0 TK B OUTLET VLV OPEN IND o |of 1 1 STATE
V62X0429E | POT. H,0 TK B OUTLET VLV CLOSE IND 1 1| o 0 STATE
V62P0430A | POT. H,0 STORAGE INLET PRESS. 3 |ne| - PSIA
V62TO439A| PGT. H,0 DUMP NOZZLE TEMP. B. 150.8 | 391 DEGF
V62T0440A| POT. H,0 DUMP NOZZLE TEMP 154.8 | 401 DEGF
V62X04SSE | POT. H,0 DUMP ISOL VLV OPEN IND o {o] 1 1 STATE
V62X0ASGE | POT. H,0 DUMP ISOL VLV CLOSC TND 1 (1! o 0 STATE
V6ZXO465E | POT. H,0 DUMP VLV OPEN IND. o o 1 1 STATE
V62XO466E | POT. H,0 DUMP VLV CLOSE IND. 1 [1f o 0 STATE
V62POS00A | WASTE/POT. H,0 LIQUID PRESS 19.0 | 487{ o0 0 PSIG
V62TOS519A| WASTE H,0 DUMP NOZZLE TEMP. B. s | 374] 30 | a2 DEGF
V62T0520A | WASTE H,0 DUMP NOZZLE TEMP. s |3ss| 30 |ea DEGF

G2-)
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MEASUREMENT OQUTPUT FROM W/WMS MODEL - TABLE 2

MEASUREMENT nc. | vALE 1 VALUE 2 VALUE 3 i

I. . MEASUREMENT NAME e Tl = el & Tl 5 Taslo®
V62X0533E | WASTE H,0 DUMP ISOL VLV OPEN IND o | o 1 1 STATE
V62X0S34E | WASTE H,0 DUMP ISOL VLV CLOSED IND 1 f 1] o 0 STATE
V62XOS3BE | WASTE H,0 DUMP VLV OPEN IND o | o] 1 1 STATE
V62X0539 | WASTE.H,0 DUMP VLV CLOSED IND 1 | 1] o 0 STATE
V62005408 | WASTE H,0 TK 1 QTY sa 83| o | 9 pcT
V62Q0544A | POT. TK D OR WASTE TK 2 QTY. 83 |e22| 10 184 99 | o964 pCT
V6200548A | POT. H,0 TK C QTY g2 [814| 50 53| 85 |84 pCT
V62TOSS1A | VACUUM VENT TEMP 136.2 |581| 30 |29 DEGF
V62X0S66E | WASTE H,0 TK 1 DRAIN OPEN IND o [of 1 1 STATE
V62X0S67E | POT. TK D OR WASTE TK 2 OUT. VLV OPEN IND o | of 1 1 STATE
V62X0S68E | POT. H,0 TK C OUTLET VLV OPEN IND o |of 1 1 STATE
V62X0S70E | WASTE TK 1 INLET VLV OPEN IND o | of 1 1 STATE
V62X0S71E | POT. TK D OR WASTE TK 2 INLET VLV OPEN IND o [ o] 1 1 STATE
V62(0572E | POT H,0 TK C INLET VLV OPEN IND o | of 1 1 STATE
V62TO578A | WASTE H,0 DUMP _INE TEMP 73.64 |a73| 30 fa9 | 70 a0 DEGF
V62X9580E | WASTE TK 1 DRAIN VLV CLOSE IND 1 |1} o 0 STATE
V62X03BLE | WASTE Hy0 TK 2 WTLET VLV CLOSE IND 1 | 1] o 0 STATE
V6ZX0SB2E | POT. H,0 TK C OUTLET VLV CLOSE IND 1 | 1| o 0 STATE
V62X0583E | WASTE TX 1 INLET VLV CLOSE IND 1 | 1] o 0 STATE
V62X0SB4E | POT. T D OR WASTE TK 2 INLET VLV CLOSE IND 1 | 1| o 0 STATE
0
e




MEASUREMENT OQUTPUT FROM W/WMS

MODEL - TABLE 2

MEASUREMENT

1.C. VALUE 1 VALUE 2 VALUE 3 <
1. D. - UNI
MEASUREMENT NAME £S ctst es  lcxs{ Fs crsl  Fs  lcrs

V62X0585E | POT. H,0 TK C INLET VLV CLOSE IND 1 1 0 0 STATE
V62X1005E | POT. H,0 XOVR VLV OPEN IND 0 0 1 |1 STATE
V62X1006E | POT. H,G X2UR VLV CLOSE IND 1 1 0 0 STATE
V62X1105€ | POT. H,0 GALLEY SUPPLY VLV OPEN IND 0 0 1 1 STATE
V62X1106E | POT. H,0 GALLEY SUPPLY VLV CLOSE IND 1 1 0 0 STATE
V6209150A| POT. H,0 TANK E QTY 85 |sa1 PERCENT
V62Q9160A| POT. H,0 TANK F QTY 86 849 PERCENT

>
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APPENDIX L

RCS/OMS MATH MODEL REQUIREMENTS
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1. INTRODUCTION

The RCS/OMS model is a Rockwell application requirement. This model outputs
those DFI parameters not found in the RCS/OMS simulator (ROS) avionics model.
The model receives input from one source, the test eperator. The model pro-

vides output parameter values to the flight system. Table 2 lists the output
measurements. ‘
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= 2. UDETAILED REQUIREMENTS

2.1 MATH MODEL DESCRIPTION

This RCS/OMS model is a special case function to provide the Developmental
Flight Instrumentation (DFI) measurements found in table 1 to the flight
system. These instrumentation measurements could not be output by the RCS/
OMS Vehicle Dynamics model because of the absense of a hardware interface.

This model, therefore, does none of the RCS/OMS logic functions. It merely
outputs the aforementioned measurements as static values.

2.2 STS UNIQUE REQUIREMENTS
NONE

2.3 GTS UNIQUE REQUIREMENTS

NONE
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4! ( 3. MATH MODEL LOGIC |

This section presents the logic which is the basis for the math model. The |
section is divided into two parts. The first part applies to GTS, while

: ;

£ the second part applies to both STS and GTS. |
3.1 GTS PREPROCESSOR LOGIC !
NOKE




3.2 LOGIC FLOW DIAGRAM X

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors.
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4. 'TABLES

4.1 INPUT STIMULI LIST

Table 1 contains a list of all model input stimli. The first column shows
the cockpft panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.]
which follows. Applicable MML numbers are 1isted next, designating their
connectio: to input stimuli shown in the column marked "SYSTEM CONN-PIN",
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

1. Both GND commands req'd to open valve.
2. FIt. System CMDS to STS or TS NAS.
3. Unique to GTS - stimylus from NAS Kybd to GPC.
4. GND commarids only - no onboard switch or GPC CMDS.
5. Will be entered at NAS Kybd for GTS.
6. Power connections are not identified by MML no.
7. Pseudo entered by operator at DCM or NAS Kybd.
8. Conn-pin designation uses same MML ID as line above.
9. Both switch commands req'd to open valve.
10. Both GPC commands req'd to open valve.
11. Stimulus provided by other model.
r 12. These commands are mutualiy exclusive.
13. Stimuli from MMES, for GTS NAS only.
14. Fliaht System commands to STS NAS only,
15. Flight System commands to GTS NAS only.
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4.2 OUTPUT MEASUREMENT LIST

Table 2 1ists all model cutputs along with the inital condition value for
the output. Measurement 1.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. indicates initial
condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and"
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS.  For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.
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’ MEASUREMENT OQUTPUT FROM RCS/QMSMODEL - TABLE 2
| MeAsuReEMENT 1.C. VALUE 1 VALUE 2 VALUE 3

I. 0. MEASUREMENT NAME T I T T ol B s UNITS

- RCS -

V42T2305A RCS~-L AFT HSG THERM SW TEMP 2 104.0 | 732 DEGF
V42T3305A RCS-R AFT HSG THERM SW TEMP 2 105.0 § 737 DEGF
V42T9044A FRCS FU TK FILL MANIF LOC 2 THERMO 98.22 | 630 DEGF
V42T9045A FRCS OX TK FILL MANIF LOC 2 THERMO 99.2 | 636 DEGF
V42T9432A RCS-L OX/HE TEST PORT LN. TEMP 106.23 | 681 DEGF

; V42T9442A RCS-L OX TK OTBD UPR SKIN TEMP 45.41 1 293 DEGF
} V42T9449A RCS-L 0OX VLV TEMP Y WEB OTBD 108.151] 694 DEGF
V42T9561A RCS-R OX/HE TEST PORT LN. TEMP 107.2 | 687 DEGF

- OMS -

V43TA700A 0“<-L POD RCS PPRESS PML SUPT TEMP 1 58.211 374 DEGF
VA3T4706A OMS-L POD GSE SERVICE PNL TEMP 78.2 1 323 DEGF
VA3T4707A OMS-L POD ENG SERVICE PNL TEMP 74.221 477 DEGF
V43T4710A OMS-L POD RCS PRESS PNL SUPT TEMP 2 60.2 552 DEGF
V43T4711A OMS-L POD RCS HSG VERNIER CMPT TEMP 2 111.2 | 458 DEGF
V43T4718A OMS-L POD OX/HE TEST PORT FIG TEMP 2 82.1 | 642 DEGF
V43T5710A OMS-R POD RCS PRESS PNL SUPT TEMP 2 61.2 557 DEGF
V43T75711A OMS-R POD RCS HSG VERNIER CMPT TEMP 2 112.2 [ 462 DEGF
V43T5718A OMS-R POD OX/HE TEST PORT FTG TEMP 2 83.1 } 647 DEGF
V43T6234A | OMS BHD FU HI PT BLEED LN TEMP 94.0 | 692 DEGF

. | va3t6235a| OMS BHD OX HI PT BLEED LN TEMP 95.0 | 696 DEGF
V43T76236A OMS~AFT FUSLG LO PT OX DRN LN TEMP-L 90.22] 579 DEGF
V43T6237A OMS-AFT FUSLG LO PT OX DRN LN TEMP-R 9}.18 585 DEGF
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MEASUREMENT OUTPUT FROM RCS/OMS MODEL - TABLE 2

MEASUREMEN L.C. VALUE 1 VALUE 2 { VALUE 3

1. 0. MEASUREMENT NAME s sl B losl s sl s UNITS
V43T6238A { OMS-AFT FU HI PT BLEED LN TEMP 92.0 | 683 DEGF
V43T6239A | OMS-AFT OX HI PT BLEED LN TEMP 93.0 | 687 DEGF
V43T6240A OMS-AFT FULSG XFD FU FLX LN-L TEMP 88.30 | 567 DEGF
V43T6241A OMS-AFT FULSG XFD FU FLX LN-R TEMP 89.26 | 573 DEGF
V43T6242A OMS-AFT FUSLG OX LN CTR TEMP 87.34 | 561 DEGF
V43T6243A OMS-AFT FUSLG OX XFD LINE L TEMP 85.42 | 548 DEGF
V43T6244A | OMS-AFT FUSLG OX XFD LINE R TEMP 86.38 | 554 DEGF
V43T9002A | OMS-L POD OX ISLN VLV TEMP 50.21 | 323 DEGF
V43792902 | OMS-R XFD/POD OX COUPLING TEMP 56.29 | 362 DEGF
v43T9459A | OMS-L ENG COVER THERMOSTAT TEMP 72.29 | 464 DEGF
V43T9464A | OMS-L FU/HE TEST PORT LN. TEMP 84 651 DEGF
V43T9467A | OMS-L OXIDIZER DRAIN LN. TEMP 66 577 DEGF
V43T9470A | OMS-L OX FLG TEMP POD/ORBR INTFC 55.33 | 356 DEGF
V43T9471A OMS-L FU FLG TEMP POD/ORBR INTFC 57.25 | 368 DEGF
V43T9551A OMS-R OXIDIZER DRAIN LN. TEMP. 67 ‘ 581 DEGF
V43T9553A OMS-R ENG COVER THERMOSTAT TEMP. 73.26 | 471 DEGF
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1 APPENDIX M ’
SWITCH MATH MODEL REQUIREMENTS
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1. INTRODUCTION

The GN&C Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these models
are termed “non-avionic" models since they do not simulate the Shuttle's
“avionic" systems. The "non-avionic" models are needed to supply data for
on-board software processing and to respond .to Shuttle comnands, whether
they be from cockpit switches, the General Purpose Computers (GPC's) or the
Non-Avionic Simulator (NAS) console.




2. DETAILED REQUIREMENTS M

These requirements specify the logical processing of input stimuli 1isted in
table 1 to produce values for the output measurements listed in table 2 that
simulate the operation of the Vent Doors.

\ 2.1 MATH MODEL DESCRIPTION

This model simulates those functions of the vent doors in the Orbiter, namely:
OPEN, CLOSE, and PURGE. The vent doors permit equalization of pressures
between the ambient and the unpressurized areas within the Orbiter during
ascent and descent. The PURGE function expels toxic or explosive gas mixtures
that may accumulate within the unpressurized areas.

U B G "

2.2 STS UNIQUE REQUIREMENTS

This model is not required for STS.

2.3 GTS UNIQUE REQUIREMENTS é
This model is required for GTS only.
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( 3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model. The

section is divided into two parts. The first part applies to GTS, while
the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC
KORE
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage connectors. Notice that where analog measurements are 1isted in
boxes and decisfons, the value inside the box s fn flight system enqincering

units (FSEU) while the corresponding model count value is listed outside the
box. For example, the box on the right hand below;

Ev
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4.1 INPUT STIMULI LIST

é;
%
5
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Table 1 contains a 1ist of all model input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked "SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

Goth GND commands req‘'d to open valve.

F1t. System CMDS to STS or GTS NAS. -

Unique to GTS - stimulus from NAS Kybd to GPC.

GND commarids only - no onboard switch or GPC CMDS. ;
Will be entered at NAS Kybd for GTS.
Power connections are not identified by MML no.
Pseudo entered by operator at DCM or NAS kybd.
Conn-pin designation uses same MML ID as line above.
Both switch commands req'd tc open valve.

O 0 ~N O N DWW N =
. . . . . . . . .
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Both GPC commands req'd to open valve.
Stimulus provided by other model.

These commands are mutually exclusive.
Stimuli from MMES, for GTS NAS only.
Fliaht System commands to STS NAS onlv.
Flight System commands to GTS NAS only.
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4.1.2 PSEUDO VARIABLE INITIALIZATION {\_
The following pseudos are initialized as follows:
INTTIAL
VARIABLE CONDITION
FCP 0
TrLAG 0
é;
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! TABLE 1 - STIM PUT FOR SWITCH MODEL

PANEL/ SYSTEM

SWITCH . NOMENCLATURE NOTES|  MML ID. CONN-PIN STATE

R12/S1 FC GPC PURGE SEQ START 7 FCP 1-ON/0-OFF

R12/52 FCP 02/H2 PURGE HTRS GPC-A ON 2 V45K0604Y (PF02)J07-072 | 1-ON/0-OFF
FCP 02/H2 PURGE HTRS GPC-B ON V45K0605Y (PF02)J07-082 | 1-ON/0-OFF

(NONE) FC1 02 FLOW 1 V45R0160A 0-15 PPH
FC2 02 FLOW V45R0260A 0-15 PPH
FC3 02 FLOW V45R0360A 0-15 PPH

6-li
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4.2 OQUTPUT MEASUREMENT LIST

Table 2 lists all model outputs along with the inital condition value for
the output. Measurement [.D. and Measurement Name precede pairs of numeric
columns. The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value. I.C. indicates initial
condition values. VALUE 1 typically indicates nominal vlaues. VALUE 2 and-
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS. For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.

i1-10
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i MEASUREMENT OUTPUT FROM SwiTCH MODEL - TABLE 2 PAGE : of 1
1
i
) MEASUREMENT I.C. VALUE 1 VALUE 2 VALUE 3
UNITS
? t 1. D. MEASUREMENT NAME FS CTS ES CTS FS CTS FS CTS
k | V72K6050Y | FC GPC PURGE SEQ START 0 ] STATE
V45X0804E | FC AUTO PURGE-ON 0 1 STATE
: V45COT10TA | FC 1 CURRENT 0 98 198 AMPS -DC
? VA5C0201A | FC 2 CURRENT 0 100 200 - AMPS -DC
E V45C0301A | FC 3 CURRENT 0 102 202 AMPS -DC
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The followin
output.

g table contains switch scan measurements which are to be N
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SWITCH SCAN MEASUREMENTS PAGE 1 of 12
MML NO. NOMENCLATURE 1.C.
V4251151¢E RCS-FWD HE PRESS VLV-A OP B 0
V42S1154E RCS-FWD HE PRESS VLV-A CL A 0
V4251153E RCS-FWD HE PRESS VLV-B OP B 0
V4251156E RCS-FWD HE PRESS VLV-B CL A 0
V4251344E RCS-FWD TANK ISLN VLV-1/2 OP A 0
V4251352¢ RCS-FWD TANK ISLN VLV-1/2 CL A 0
V4251348E RCS-FWD TANK ISLN VLV-3/4/5 OP A 0
V4251357E RCS-FWD TANK ISLN VLV-3/4/5 CL A 0
V4251362E RCS-FWD MANF ISLN VLV-1 OP 0
V4251372t RCS-FWD MANF ISLN VLV-1 CL 0
V4251 364E RCS-FWD MANF ISLN VLV-2 OP 0
V4251374¢E RCS-FWD MANF ISLN VLV-2 CL 0
V4251366E RCS-FWD MANF ISLN VLV-3 OP 0
V4251376E RCS-FWD MANF ISLN VLV-3 CL 0
V4251368E RCS-FWD MANF ISLN VLV-4 0P 0
V4251378E RCS-FWD MANF ISLN VLV-4 CL 0
V4251371E RCS-FWD MANF ISLN VLV-5 0P B 0
V4251380E RCS-FWD MANF ISLN VLV-5 CL A 0
V4251580E RCS-FWD THRSTR HEAT-1 AUTO 1
V4251584E RCS-FWD THRSTR HEAT-2 AUTO 1
V4251588t RCS-FWD THRSTR HEAT-3 AUTO 1
V4251592E RCS-FWD THRSTR HEAT-4 AUTO 1
V42S1596E RCS-FWD THRUSTER HEAT-5 AUTO 1
V4251910 RCS-FWD MODULE HEAT-1 AUTO 1
V4251912¢ RCS-FWD MODULE HEAT-1A AUTO 0
V4252151t RCS-L AFT HE PRESS VLV-A OP B 0
V42521 54E RCS-L AFT HE PRESS VLV-A CL A 0
V4252153t RCS-L AFT HE PRESS VLV-B OP B 0
V4252156E RCS-L AFT HE PRESS VLV-B CL A 0
V42S2340E RCS-L AFT TANK ISLN VLV-1/2 OP A 0
’ V42S2351E RCS-L AFT TANK ISLN VLV-1/2 CL A 0
V4252345E RCS-L AFT TANK ISLN V-3/4/5 A OP 0
V4252356E RCS-L AFT TANK ISLN VLV-3/4/5 A CL 0

i-13




5 SWITCH SCAN MEASUREMENTS PAGE 2 of 12
? MML . NO. NOMENCLATURE 1.C.
T V42523486 | RCS-L AFT TANK ISLN VLV-3/4/5 B OP 0
¥ V4252359 | RCS-L AFT TANK ISLN VLV-3/4/5 B CL 0
E V4252362E | RCS-L AFT MANF ISLN VLV-1 OP 0
b V42523726 | RCS-L AFT MANF ISLN VLV-1 CL 0
3 V4252364E | RCS-L AFT MANF ISLN VLV-2 OP 0
} V4252374E | RCS-L AFT MANF ISLN VLV-2 CL 0
: V4252366E RCS-L AFT MANF ISLN VLV-3 OP 0
V4252376E | RCS-L AFT MANF ISLN VLV-3 CL 0
V4252368E | RCS-L AFT MANF ISLN VLV-4 OP 0
V4252378E | RCS-L AFT MANF ISLN VLV-4 CL 0
V4252371E | RCS-L AFT MANF ISLN VLV-5 QP B 0
V4252380E | RCS-L AFT MANF ISLN VLV-5 CL A 0
V4252400E | RCS-L AFT XFD VLV-1/2 OP A 0
V42524126 | RCS-L AFT XFD VLV-1/2 CL A 0
V4252406E | RCS-L AFT XFD VLV-3/4/5 OP A 0
V4252424E | RCS-L AFT XFD VLV-3/4/5 CL A 0
V4253151E | RCS-R AFT HE PRESS VLV-A OP B 0
i V4253154E | RCS-R AFT HE PRESS VLV-A CL A 0
V4253153E | RCS-R AFT HE PRESS VLV-B OP B 0
V4253156E | RCS-R AFT HE PRESS VLV-B CL A 0
V4253340E | RCS-R AFT TANK ISLN VLV-1/2 OP A 0
V42533516 | RCS-R AFT TANK ISLN VLV-1/2 CL A 0
V8253345€ | RCS-R AFT TANK ISLN V-3/4/5 A OP 0
Va253356E | RCS-R AFT TANK ISLN VLV-3/4/5 A CL 0
VA253348E | RCS-R AFT TANK ISLN VLV-3/4/5 B OP 0
V4253359E | RCS-R AFT TANK ISLN VLV-3/4/5 B CL 0
VA2S3362E | RCS-R AFT MANF ISLN VLV-1 OP 0
V4253372 | RCS-R AFT MANF ISLN VLV-1 CL 0
VA253364E | RCS-R AFT MANF ISLN VLV-2 OP 0
| V4253374E | RCS-R AFT MANF ISLN VLV-2 CL 0
V4253366E | RCS-R AFT MANF ISLN VLV-3 OP 0
V4253376 | RCS-R AFT MANF ISLN VLV-3 CL 0
V42S3368E | RCS-R AFT MANF ISLN VLV-4 OP 0
5
=14
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SWITCH SCAN MEASUREMENTS

PAGE 3 of 12
MML NO. NOMENCLATURE I.C.
V4253378E RCS-R AFT MANF ISLN VLV-4 CL 0
V42S33NE RCS-R AFT MANF ISLN VLV-5 OP B 0
V4253380E RCS-R AFT MANF ISLN VLV-5 CL A 0
V4253400 RCS-R AFT XFD VLV-1/2 OP A 0
V425341 2E RCS-R AFT XFD VLV-1/2 CL A 0
V4253406E RCS-R AFT XFD VLV-3/4/5 OP A 0
Va2S3424€ RCS-R AFT XFD VLV-3/4/5 CL A 0
V4254580E RCS-R/L AFT THRSTR HEAT-1 AUTO ]
V4254584 RCS-R/L AFT THRSTR HEAT-2 AUTO 1
V4254588E RCS-R/L AFT THRSTR HEAT-3 AUTO 1
V42S4592E RCS-R/L AFT THRSTR HEAT-4 AUTO ]
V4254596E RCS-R/L AFT THRSTR HEAT-5 AUTO ]
V4354184E OMS-L FOD HE ISLN VLV A CL 1
V4354186E OMS-L POD HE A AND VAP ISO VLVS OP 0
V4354185€E OMS-L POD HE ISLN VLV B CL 1
V43S4187E OMS-L POD HE B AND VAP ISO VLVS OP 0
V43S4470E OMS-L POD TANK ISLN VLV A CMD 1 OP 1
V43S4471E OMS-L POD TANK ISLN VLV A CMD 1 CL 0
V43S4474E OMS-L POD TANK ISLN VLV B CMD 1 OP 1
V4354475€ OMS-L POD TANK ISLN VLV B CMD 1 CL 0
V4354482€ OMS-L POD XFD VLV A CMD 1 OP 0
V4354483E OMS-L POD XFD VLV A CMD 1 CL ]
V4354486E OMS-L POD XFD VLV B CMD 1 OP 0
V43S4487E OMS-L POD XFD VLV B CMD 1 CL ]
V4354575E OMS-L ENG VLVS PWR ENABLE COILS 1 1
V43S5184E OMS-R POD HE ISLN VLV A CL ]
V43S5186E OMS-R POD HE A AND VAP SO VLVS OP 0
V4355185 OMS-R POD HE ISLN VLV B CL 1
V43S5187E OMS-R POD HE B AND VAP ISO VLVS OP 0
V43S5470E OMS-R POD TANK ISLN VLV A CMD 1 OP 1
V43S5471E OMS-R POD TANK ISLN VLV A CMD 1 CL 0
V43S5474E OMS-R POD TANK ISLN VLV B CMD 1 OP 1
V43S5475E OMS-R POD TANK ISLN VLV B CMD 1 CL 0

1-15




SWITCH SCAN MEASUREMENTS PAGE 4 of 12
MML NO. NOMENCLATURE I.C.
V43$5482E OMS-R POD XFD VLV A CMD 1 OP

V4355483t
V4355486E
V4355487E

OMS-R POD XFD VLV A CMD 1 CL
OMS-R POD XFD VLV B CMD 1 OP
OMS-R POD XFD VLV B CMD 1 CL

V4355575E OMS-R ENG VLVS PWR ENABLE COILS 1
V4357410E OMS-L POD HTR Al ON

V4357414 OMS-L POD HTR B1 ON

V4357510 OMS-R POD HTR Al ON

V4357514t OMS-R POD HTR B1 ON

V43S7710t OMS-XFD LINES HTR A ON

V43S7712¢ OMS-XFD LINES HTR B ON

V4550191€ FCP NO 1 STARTUP HEATER - INHIBIT
V4550291E FCP NO 2 STARTUP HEATER - INHIBIT
V45S0391E FCP NO 3 STARTUP HEATER - INHIBIT

V4550441E
V4550442E
V45S0445E
V4550446E
V45S0601E
V4550604E
V45S0811E
V4550815E
V4550821
V4550825E
V4550831E
V4550835E
V45X1080€
V45X1083E
VA5S1131E
V4551133E
V4551136E
V4551138E
V4551231E

FCP H20 LINE HTRS A-ON

FCP H20 LINE HTRS B-ON

FCP H20 RELIEF HTRS A-ON

FCP HZ0 RELIEF HTRS B-ON

FCP 02/H2 PURGE HTRS MNL A
FCP 02/H2 PURGE HTRS GPC-A ON
FCP 1 PURGE VLVS MNL OPEN-A
FCP 1 PURGE VLVS GPC-A OPEN
FCP 2 PURGE VLVS MNL OPEN-A
FCP 2 PURGE VLVS GPC-A OPEN
FCP 3 PURGE VLVS MNL OPEN-A
FCP 3 PURGE VLVS GPC-A OPEN
PRSD 02 ECS PRIM SUP VLV-OPEN
PRSD 02 ECS SEC SUP VLV-OPEN
PRSD 02 TK 1 HTR A-ON A/B
PRSD 02 TK 1 HTR A-AUTO A/B
PRSD 02 TK 1 HTR B-ON A/B
PRSD 02 TK 1 HTR B-AUTO A/B
PRSD 02 TK 2 HTR A-ON A/B

O-—‘O—-’OO—‘—‘O-—‘O—-‘O—‘OO—‘O—‘OOOO-—'—‘—‘—'—‘—‘—‘O—‘O
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SWITCH SCAN MEASUREMENTS PAGE 5 of 12
MML NO. NOMENCLATURE 1.C.
V4551233 PRSD 02 TK 2 HTR A-AUTO A/B 1
VA5S1236E PRSD 02 TK 2 HTR B-ON A/B 0
V4551238E PRSD 02 TK 2 HTR B-AUTO A/B 1
V45S1331E PRSD 02 TK 3 HTR A-ON A/B (MBK) 0
V4551333E PRSD 02 TK 3 HTR A-AUTO A/B (MBK) 1
V45S1336E PRSD 02 TK 3 HTR B-ON A/B (MBK) 0
V4551338E PRSD 02 TK 3 HTR B-AUTO A/B (MBK) 1
V45S2131E PRSD H2 TK 1 HTR A-ON A/B 0
V4552133t PRSD H2 TK 1 HTR A-AUTO A/B 1
V45521 36E PRSD H2 TK 1 HTR B-ON A/B 0
V45521 38E PRSD H2 TK 1 HTR B-AUTO A/B 1
V4552231E PRSD H2 TK 2 HTR A-ON A/B 0
V4552233t PRSD H2 TK 2 HTR A-AUTO A/B 1
V4552236E PRSD H? TK 2 HTR B-ON A/B 0
V4552338E PRSD H2 TK 2 HTR B-AUTO A/B 1
V4552331¢ PRSD H2 TK 3 HTR A-ON A/B (MBK) 0
V4552333t PRSD H2 TK 3 HTR A-AUTO A/B (MBK) 1
V4552336E PRSD H2 TK 3 HTR B-ON A/B (MBK) 0
V4552338E PRSD H2 TK 3 HTR B-AUTO A/B (MBK) 1
V46S0093E APU AUTO SHUTDOWN INHIBIT CMD-C 0
V46S0106E APU 1 TANK AND LINE HTRS-A AUTO 2 1
+V4650109E APU 1 TANK AND LINE HTRS-B AUTO 1 0
V46S0114E APU 1 FUEL ISLN VLV B OPEN CMD 0
V465S0116E APU 1 LUBE OIL LINE HTR - A AUTO 1 1
V46S0117E APU 1 LUBE OIL LINE HTR-B AUTO 1 0
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SWITCH SCAN MEASUREMENTS PAGE 6 of 12

WL N, NWENCLATURE | LC.
VA6SO118E | APU 1 GAS GEN/FU PUMP HTR-A AUTO 1 1

VA6SO119E | APU 1 GAS GEN/FU PUMP HTR-B AUTO 1 0

VA6SO124E | APU NO 1 CONTROLLER POWER ON CMD-A 0

VA6SO126E | APU 1 START/RUN CMD-A 0 %
VA6S0127E | APU 1 START OVERRIDE/RUN CMD-A 0 |
V46SO129E | APU NO 1 SPEED SELECT-HIGH CMD-A 0

V46S0206E | APU 2 TANK AND LINE HTRS-A AUTO 2 1

VA6S0209E | APU 2 TANK AND LINE HTRS-B AUTO 1 0

V4650214E | APU 2 FUEL ISLN VLV B OPEN CMD 0

VA6S0216E | APU 2 LUBE OIL LINE HTR-A AUTO 1 1 ’
V46S0217E | APU 2 LUBE OIL LINE HTR-B AUTO 1 0 i
V4650218E APU 2 GAS GEN/FU PUMP HTR-A AUTO 1 1 |
VAES0219E | APU 2 GAS GEN/FU PUMP HTR-B AUTO 1 0

V4650224E | APU NO 2 CONTROLLER POWER ON CMD-A 0

V46S0226E | APU 2 START/RUN CMD-A 0 |
V46502276 | APU 2 START OVERRIDE/RUN CMD-A 0 i
V46S0229E | APU NO 2 SPEED SELECT HIGH CMD-A 0

VA6S0306E | APU 3 TANK AND LINE HTRS-A AUTO 2 1

V4650309 | APU 3 TANK AND LINE HTRS-B AUTO 1 0

VA6S0314E | APU 3 FUEL ISLN VLV B OPEN CMD 0

V46SO316E | APU 3 LUBE OIL LINE HTR-A AUTO 1 1

V46503176 | APU 3 LUBE OIL LINE HTR-B AUTO 1 0

V46S0318E | APU 3 GAS GEN/FU PUMP HTR-A AUTO 1 1

VA6SO319E | APU 3 GAS GEN/FU PUMP HiR-B AUTO 1 0

V4650320 | APU NO 3 CONTROLLER POWER ON CMD-A 0

V4650326E | APU 3 START/RUN CMD-A 0

V4650327E | APU 3 START OVERRIDE/RUN CMD-A 0

VA6S0329E | APU NO 3 SPEED SELECT HIGH-A 0

V57S0010E | RUDDER/SPEEDBRAKE PDU HEATER-ON A 1 '
V57S0011€ | RUDDER/SPEEDBRAKE PDU HEATER-ON B 1 |
V57S0015€ | BODY FLAP PDU HEATER-ON A 1 |
VS7SO016E | BODY FLAP PDU HEATER-ON B 1 |
V58S0060E | LANDING GEAR BRAKE A HEATERS AUTO 0 j
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SWITCH SCAN MEASUREMENTS

PAGE 7 of 12

MML NO.

NOMENCLATURE

toCo

S TR T

V5850061E
V5850062E
V5850070E
V5850071E
V58S0086E
V5850087E
V5850108t
v5850110E
V5850138E
V5850140E
V58S0149E
V5850150E
V58S0151E
V58S0153E
V5850172t
v58X0190E
V5850238E
V585024 OE
V585024 9E
V5850250t
V5850251E
V5850253E
V5850272E
V58X0290E
v5850338E
V5850340¢
V58S0349E
V5850350E
V5850351¢E
V5850353E
V5850372¢
V58X0390E
V58X1136E

LANDING GEAR BRAKE B HEATERS AUTO
LANDING GEAR BRAKE C HEATERS AUTO
HYD SYS AFT FUS A HEATERS AUTO

HYD SYS AFT FUS B HEATERS AUTO

HYD SYS ELEVON ACTUATOR HTRS-ON A
HYD SYS ELEVON ACTUATOR HTRS-ON B
HYCR SYS GEAR UP/CIRC VALVE-OPEN A
HYDR SYS GEAR UP/CIRC VALVE-AUTO A
HYDR SYS 1 CIPC PUMP-ON A

HYDR SYS 1 CIRC FUMP-AUTO ENABLE A
HYD 1 H20 BLR CONT A AC DC PWR ON
HVD 1 H20 BLR CONT B AC DC PWR ON
HYDR SYS 1 H20 BLR CONTLR A ON
HYDR SYS 1 H20 BLR N2 SUPPLY ON A
HYDR SYS 1 MN PUMP DEPRESS-ENBL A
HYDR SYS 1 LDG GR ISLN VLV CL IND
HYDR SYS 2 CIRC PUMP-ON A

HYDR SYS 2 CIRC PUMP-AUTO ENABLE A
HYD 2 H20 BLR CONT A AC DC PWR ON
HYD 2 H20 BLR CONT B AC DC PWR ON
HYDR SYS 2 H20 BLR CONTLR A ON
HYDR SYS 2 H20 BLR N2 SUPPLY ON A
HYDR SYS 2 MN PUMP DEPRESS-ENBL A
HYDR SYS 2 LDOG GR ISLN VLV CL IND
HYDR SYS 3 CIRC PUMP-ON A

HYDR SYS 3 CIRC PUMP-AUTO ENABLE A
HYD 3 H20 BLR CONT A AC DC PWR ON
HYD 3 H20 BLR CONT 8 AC DC PuUR ONM
HYDR SYS 3 H20 BLR CONTLR A ON
HYDR SYS 3 H20 BLR N SUPPLY ON A
HYDR SYS 3 MN PUMP DEPRESS-ENBL A
HYDR SYS 3 LDG GR ISLN VLV CL IND
HYD SYS 1 ME/TVC SPLY V OP IND

O O O — O O — = O O O ~ O O = —= O O O = O O = = O = O = e e o= OO
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SWITCH SCAN MEASUREMENTS PAGE 8 of 12
MML NO. NOMENCLATURE 1.C.
V58X1236E HYD SYS 2 ME/TVC SPLY V OP IND 0
V58X1336E HYD SYS 3 ME/TVC SPLY V OP IND 0
V61%2005E CABLi VENT 1SOL-CLOSE ]
V61X2045E | CABIN VENT-CLOSE 1
V61X2100E 02 XOVR SYS 1 OPEN 0
V6152120E | CABIN TEMP CNTLR LOOP 1 ON 1
V61S2121E CABIN TEMP CNTLR LOOP 2 ON 0
V61X2131E CABIN PRESS RELIEF VLV A IND ENBL !
V61X2136E CABIN PRESS RELIEF VLV B IND ENBL 1
V6152140E SYS 1 PPO2 MODE SELECT-NORMAL 1
V6152142E SYS 2 PPG2 MODE SELECT-NORMAL 1
V61X2163E 02 EMERGENCY-OPEN 1
V6152200 02 XOVR SYS 2 OPEN 0
V61S2308E H20 ALTERNATE PRESS-OPEN 0
V61X2321E N2 SYS 1 REG INLET-OPEN 1
V61X2323E N2 SYS 1 SUPPLY-OPEN 1
V6152350 SYS 1/2 PP02 SNSB/VLV-NORMAL 1
V6152371E 02/N2 CNTLR VLV-SYS 1 AGUTO 1
V6152370E 02/N2 CNTLR VLV-SYS 1 OPEN 0
V6152376 02/N2 CNTLR VLV-SYS 2 AUi0 1
V6152375E 02/N2 CNTLR VIV-SYS 2 OPEN 0
V61X2420E N2 SYS 2 REG INLEV-CLOSE 1
V61X2421€ N2 SYS 2 SUPPLY-CLOSE 1
V6152450 HUMIDITY SEPARATOR A PHASE A ON 1
V6152455 HUMIDITY SEPARATOR B PHASE A ON 0
V6152585: CABIN FAN A-PHASE A ON 1
V6152590E CABIN FAN B-PHASE A ON 0
V6152604E H20 LOOP 1 PUMP A CONT ON 0
V61526 0% H20 LOOP 1 PUMP B CONT ON-GPC CMD 1
V6152606 H20 LOOP 1 PUMP B CONTROL-PH A ON 1
V6152704 H20 LOOP 2 PUMP CONT ON-GPC CMD 0
V6152709E H20 LOOP 2 PUMP CONT ON 1
V6152745E H20 LOOP 1 BYPASS MODE-MNL 1
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PAGE 9 of 12 1

SWITCH SCAN MEASUREMENTS
MML NO. HOMENCLATURE I.C.
V6152770t AVIONICS BAY 1 FAN A PHASE A ON 1
V6152775¢ AVIONICS BAY 1 FAN B PHASE A ON 0
V6152780t AVIONICS BAY 2 FAN A PHASE A ON 1
V6152785" AVIONICS BAY 2 FAN B PHASE A ON 0
V6152790E AVIONICS BAY 3 FAN A PHASE A ON 1
V6152795E AVIONICS BAY 3 FAN B PHASE A ON 0
V6152845E H20 LOOP 2 BYPASS MODE-MNL 1
V6152849E ARS IMU FAN A ON PHASE A 1
V6152852E ARS IMU FAN B ON PHASE A 0
V6152855E ARS IMU FAN C ON PHASE A 0
V62X0403E POTABLE H20 TK A INLET VLV-OPEN 1
V62X0407E POTABLE H20 TK A OUTLET VLV-OPEN 0
V62X0423E POTABLE H20 TK B INLET VLV-OPEN 1
V62X0427E POTABLE H20 TK B OUTLET VLV-OPEN 1
V6250442E POTABLE H20 DUMP V ENA/NOZ HTR-ON 0
V62X0455E POTABLE H20 DUMP ISLN VLV-OPEN 1
V62X0465E POTABLE H20 DUMP VLV-OPEN 0
V62X0533E WASTE H20 DUMP ISLN VLV-OPEN 1
V62X0538E WASTE H20 DUMP VLV-OPEN 0
V62S0541E WASTE H20 DUMP VLV ENA/NOZ HTR-ON 0
VE2S0549E VACUUM VENT HEATER ON 1
V62X0566E WASTE TK 1 DRAIN VLV-OPEN 0
V62X0567E POT TK D OR WASTE TK 2 OUT VLV-OP 1
V62X0568E POTABLE H20 TK C OUTLET VLV-OPEN 1
V62X0570E WASTE TK 1 INLET VLV-OPEN 1
V62X0571E POT TK D OR WASTE TK 2 INLT VLV-0OP 1
V62X0572¢ POTABLE H20 TK C INLET VLV-OPEN 1
V62X1005E POTABLE H20 QUTLET ISLN VLV-OPEN 0
V62X1105C GALLEY SUPPLY VLV-OPEN 1
V63S1111E FCL 1 PUMP A-PHASE A ON 1
V6351121E FCL 1 PUMP B-PHASE A ON 0
V6351178t NH3 CONTROLLER A-PRI/GPC CMD 0
V6351186E NH3 CONTROLLER A SEC ON 0
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SWITCH SCAN MEASUREMENTS

PAGE 10 of 12

MML NO. NOMENCLATURE I.C.
V6351182E NH3 CONTROLLER B-PRI/GPC CMD 0
V6351190t NH3 CONTROLLER B SEC ON 0
V63S1211E FCL 1 RDTR TEMP CNT_R-AUTO A 1
V63S1212E FCL 1 RDTR TEMP CNTLR-AUTO B 0
V6351220¢ FCL 1 RDTR BYP VLV-AUTO 1
V63X1222E FCL 1 RDTR BYPASS VLV POSN-ROCTR 1
V63X1230E FCL 1 FLOW PROP VALVE-INTERCHANGER 1
V63S1311E FCL 2 PUMP A-PHASE A ON 1
V6351321t FCL 2 PUMP B-PHASE A ON 0
V63S1411E FCL 2 RDTR TEMP CNTLR-AUTO A 1
V6351412t FCL 2 RDTR TEMP CNTLR-AUTO B 0
V6351420E FCL 2 RDTR BYP VLV-AUTO 1
V63X1422E FCL 2 RDTR BYPASS VLV POSN-RDTR 1
V63X1430E FCL 2 FLOW PROP VALVE-INTERCHANGER 1
V6351600t FLASH EVAP CNTLR PRI A-GPC CMD 0
V6351610E FLASH EVAP CNTLR PRI A CMD-ON 1
V6351620E HI LOAD EVAP-ENABLE 0
V6351650E FLASH EVAP CNTLR PRI B-GPC CMD 0
V63S1660E FLASH EVAP CNTLR PRI B CMD-ON 0
V6351700E FLASH EVAP CNTLR SEC-GPC CMD 0
V63S1710E FLASH EVAP CNTLR SEC CMD-ON 0
V6352501t HI LOAD FLASH EVAP DUCT HTR A ON 0
V63S2521E HI LCAD FLASH EVAP DUCT HTR B ON 0




=

ety B

-y

SWITCH SCAN MEASUREMENTS

PAGE 11 of 12

MML . NO. NOMENCLATURE I.C.
V73S0689E LH R,P,Y PANEL TRIM POWER ON A 0
V73S0696E RH R,P,Y PANEL TRIM POWER ON A 0
V74S0109E MSBLS NO 1 POWER ON 0
V7450119 MSBLS NO 2 POWER ON 0
V7450129E MSBLS NO 3 POWER ON 0
V74S0140F TACAN NO 1 POWER ON 0
V7450150E TACAN NO 2 POWER ON 0
V74S0160€ TACAN NO 3 POWER ON 0
V74S0175E RADAR ALT NO 1-ON 0
V7450185E RADAR ALT NO 2-ON 0
V76X0106E MAIN BUS A TIE BUS ON 0
V7650134E MAIN BUS C TO ESS BUS-1BC-ON 1
V7650163E FUEL CELL 1 TO ESS BUS 1BC-ON 0
V76X0206E MAIN BUS B TIE BUS ON 0
V7650234 MAIN BUS A TO ESS BUS-2CA-ON 1
V7650263E FUEL CELL 2 TO ESS BUS 2CA-ON ]
V76X0306E MAIN BUS C TIE BUS ON 0
V7650334E MAIN BUS B TO ESS BUS-3AB-ON 1
V7650363E FUEL CELL 3 TO ESS BUS 3AB-ON 0
V7650801E KU BAND ANT JTSN ARM A CMD 0
V7650901E REND RDR ANT JTSN ARM A CMD 0
V7651503E AC BUS 1 VOLTAGE SENSOR AUTO ]
V76S1504E AC BUS 1 VOLTAGE SENSOR MONITOR 0
V76X1537E AC BUS 1 PHASE A INPUT ON 1
V76X1538E AC BUS 1 PHASE R INPUT ON 1
V76X1539E AC BUS 1 PHASE C INPUT ON ]
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SWITCH SCAN MEASUREMENTS PAGE 12 of 12
MML . NO. ' NOMENCLATURE I.C. .
y V76S1603E AC BUS 2 VOLTAGE SENSOR AUTO 1 e
F V7651604€ AC BUS 2 VOLTAGE SENSOR MONITOR 0
: VI6X1637E |  AC BUS 2 PHASE A INPUT ON 1
E V76X1638E AC BUS 2 PHASE B INPUT ON 1
3 V76X1639E AC BUS 2 PHASE C INPUT ON 1
; V76S1703E AC BUS 3 VOLTAGE SENSOR AUTO 1
: V76S1704E AC BUS 3 VOLTAGE SENSOR MONITOR 0
V76X1737E AC BUS 3 PHASE A INPUT ON 1
V76X1738E AC BUS 3 PHASE B INPUT ON 1
V76X1730" AC BUS 3 PHASE C INPUT ON 1
V7652851E PAYLOAD CABIN-MAIN BUS A ON 1
V7652853E PAYLOAD CABIN-MAIN BUS B ON G
V7652861E PAYLOAD AUXILIARY-MAIN BUS A ON 1
V7654601 ¢ MEC 1 BUS A PWR ON 0
V76S4605E MEC 2 BUS B PWR ON 0
V76S7301E LH RMS JTSN ARM A CMD 0
V7657401E RH RMS JTSN ARM A CMD 0
V7952004€ ACCEL ASSY 1 PWR ON CMD A 0
V7952007E ACCEL ASSY 2 PWR ON CMD B 0
V7952010F ACCEL ASSY 3 PWR ON CMD C 0-
V7952015€ ACCEL ASSY 4 PWR ON CMD D 0
V7954126E ASA 1 PWR ON CMD A 0
V7954132€ ASA 2 PWR ON CMD B 0
V79541 38E ASA 3 PWR ON CMD C 0
V7954143F ASA 4 PWR ON CMD D 0
i
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The following table contains measurements to be output since they are
required by the GPC SM:
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SM ADDITIONAL INPUTS

PAGE 1 of 9
WAL . NO. NOMENCLATURE 1.C.
VA3T4215A | OMS-L POD OXDZR TANK TEMP LOWER 50
VA3T4216A | OMS-L POD OXDZR ENG INLET TEMP 61
V43T4315A | OMS-L POD FUEL TANK TEMP-LOWER 52
VA3T4641A | OMS-L ENG OX VLV TEMP 63
VA3T4642A | OMS-L ENG FU FEEDLINE TEMP 65
V43T4643A | OMS-L ENG FUEL INJECTOR TEMP n
V43T4701A | OMS-L POD RCS HSG VERNIER CMPT T 1 67
V43T4702A | OMS-L POD UPPER Y-WEB OTBD TEMP 69
VA3T4703A | OMS-L POD UPPER Y-WEB INBD TEMP 73
V43T4704A | OMS-L POD OX DRAIN PNL TEMP 1 75
V43T4705A | OMS-L POD OX DRAIN PNL TEMP 2 77
VA3T4708A | OMS-L POD OX/HE TEST PORT FIG T 1 56
. V43T5215A | OMS-R POD OXDZR TANK TEMP-LOWER 58
V43T5216A | OMS-R POD OXDZR ENG INLET TEWP 79
V43T53154 | OMS-R POD FU TANK TEMP-LOWER 81
VA3T5641A | OMS-R ENG OX VLV TEMP 82
V43T5642A | OMS R ENG FU FEEDLINE TEMP 83
V43T5643A | OMS-R ENG FUEL INJECTOR TEMP 84
V43T5700A | OMS-R POD RCS PRESS PNL SPRT TMP 1 85
VA3T5701A | OMS-R POD RCS HSG VERNIER CMPT T 1 86’
V43T5702A | OMS R POD UPPER Y-WEB OTBD TEMP 87
V43T5703A | OMS R POD UPPER Y-WEB INBD TEMP 88
VA3T5704A | OMS-R POD OX DRAIN PNL TEMP 1 89
V43T5705A | OMS-R POD OX DRAIN PNL TEMP 2 90
VA3T5706A | OMS R POD GSE SERVICE PNL TEMP 91
V43T5707A | OMS R POD ENG SERVICE PNL TEMP 92
V4315708A | OMS-R POD OX/HE TEST PORT FIG T 1 54
VASVOT100A | FUEL CELL NO. 1 VOLTAGE 29
VA5V0200A | FUEL CELL NO. 2 VOLTAGE 30
V45V0300A | FUEL CELL NO. 3 VOLTAGE 3
VA5X1185€ | PRSD 02 TK 1 HTR CUR SNSR 1A-TRIP 0
VASX1186E | PRSD 02 TK 1 HTR CUR SNSR 2A-TRIP 0
VA5X1187E | PRSD 02 TK 1 HTR CUR SNSR 1B-TRIP 0
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SM ADDITIONAL INPUTS PAGE 2 of 9

MML .NO. NOMENCLATURE I.C.
V45X1188E PRSD 02 TK 1 HTR CUR SNSR 2B-TRIP 0
V45X1285E PRSD 02 TK 2 HTR CUR SNSR 1A-TRIP 0
V45X1286E PRSD 02 TK 2 HTR CUR SNSR 2A-TRIP 0
V45X1287E PRSD 02 TK 2 HTR CUR SNSR 1B-TRIP 0
V45X1288E PRSD 02 TK 2 HTR CUR SNSR 2B-TRIP 0
V45X1385E PRSD 02 TK 3 HTR CUR SNSR 1A-TRIP 0
V45X1386E PRSD 02 TK 3 HTR CUR SNSR 2A-TRIP 0
V45X1387E PRSD 02 TK 3 HTR CUR SNSR 1B-TRIP 0
V45X1388E PRSD 02 TK 3 HTR CUR SNSR 2B-TRIP 0
V54X0131E PLD NO 1 LATCH 1A RELEASED IND 0
V54X0132E PLD NO 1 LATCH 1B RELEASED IND 0
V54X0133E PLD NO 1 LATCH 2A RELEASED IND 0
V54X0134E PLD NO 1 LATCH 2B RELEASED IND 0
V54X0135E PLD NO 1 LATCH 3A RELEASED IND 0
V54X0136E PLD NO 1 LATCH 3B RELEASED IND 0
V54X0141E PLD NO 1 LATCH 1A LATCHED IND 1
V54X0142E PLD NO 1 LATCH 1B LATCHED IND 1
V54X0143E PLD NO 1 LATCH 2A LATCHED IND 1
V54X0144E PLD NO 1 LATCH 2B LATCHED IND 1
V54X0145E PLD NO 1 LATCH 3A LATCHED IND 1
V54X0146E PLD NO 1 LATCH 3B LATCHED IND 1
V54X0151E PLD NO 1 IN-POSITION 1A INDICATION 1
V54X0152E PLD NO 1 IN-POSITION 1B INDICATION 1
V54X0153E PLD NO 1 IN-POSITION 2A INDICATION 1
V54X0154E PLD NO 1 IN-POSITION 2B INDICATION 1
V54X0155E PLD NO 1 IN-POSITION 3A INDICATION 1
V54X0156E PLD NO 1 IN-POSITION 3B INDICATION 1
V54X0231E PLD NO 2 LATCH 1A RELEASED IND 0
V54X0232E PLD NO 2 LATCH 1B RELEASED IND 0
V54X0233E PLD NO 2 LATCH 2A RELEASED IND 0
V54X0234E PLD NO 2 LATCH 2B RELEASED IND 0
V54X0235E PLD NO 2 LATCH 3A RELEASED IND 0
V54X0236E PLD NO 2 LATCH 3B RELEASED IND 0

e e
e




SM ADDITIONAL INPUTS PAGE 3 of 9

MML . NO. ’ NOMENCLATURE I.C.

V54X0241E PLD NO 2 LATCH 1A LATCHtu IND
V54X0242¢ PLD NO 2 LATCH 1B LATCHED IND
V54X0243E PLD NO 2 LATCH 2A LATCHED IND
V54X0244E PLD NO 2 LATCH 2B LATCHED IND
V54X 0245 PLD NO 2 LATCH 3A LATCHED IND
V54X0246E PLD NO 2 LATCH 3B LATCHED IND
V54X0251E PLD NO 2 IN-POSITION 1A INDICATION
V54X0252E PLD NO 2 IN-POSITION 1B INDICATION
V54X0253t PLD NO 2 IN-POSITION 2A INDICATION
V54X0254E PLD NO 2 IN-POSITION 2B INDICATION
V54X0255¢ PLD NO 2 IN-POSITION 3A INDICATION
V54X0256E PLD NO 2 IN-POSITION 3B INDICATION
V54X0331¢ PLD NO 3 LATCH 1A RELEASED IND
V54X0332E PLD NO 3 LATCH 1B RELEASED IND

3

3

3

3

3

3

3

3

3

3

ot

V54X0333E PLD NO 3 LATCH 2A RELEASED IND
V54X0334E PLD NO 3 LATCH 2B RELEASED IND
V54X0335E PLD NO 3 LATCH 3A RELEASED IND
V54X0336E PLD NO 3 LATCH 3B RELEASED IND
V54X0341E PLD NC 3 LATCH 1A LATCHED IND
V54X0342E PLD NO 3 LATCH 1B LATCHED IND
, V54X0343E PLD NO 3 LATCH 2A LATCHED IND
V54X0344t PLD NO 3 LATCH 2B LATCHED IND
V54X0345E PLD NO 3 LATCH 3A LATCHED IND
V54X0346E PLD NO 3 LATCH 3B LATCHED IND
V54X0351E PLD NG  IN-POSITION 1A INDICATION
V54X0352E PLD NO 3 IN-POSITION 1B INDICATION
V54X0353E PLD NO 3 IN-POSITION 2A INDICATION
) V54X0354¢L PLD NO 3 IN-POSITION 2B INDICATION
V54X0355E PLD NO 3 IN-POSITION 3A INDICATION
V54X0356¢ PLD NO 3 IN-POSITION 3B INDICATION

4

4

4

| . V54X0431E PLD NO 4 LATCH 1A RELEASED IND
’ V54X0432E PLD NO 4 LATCH 1B RELEASED IND
V54X0433E PLD NO 4 LATCH 2A RELEASED IND
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SM ADDITIONAL INPUTS

PAGE 4 of 9
MML NO. NOMENCLATURE I.C.
V54X0434E PLD NO 4 LATCH 2B RELEASED IND 0
V54X0435E PLD NO 4 LATCH 3A RELEASED IND 0
V54X0436E PLD NO 4 LATCH 3B RELEASED IND 0
V54X0441E PLD NO 4 LATCH 1A LATCHED IND 1
V54X0442E PLD NO 4 LATCH 1B LATCHED IND 1
V54X0443E PLD NO 4 LATCH 2A LATCHED IND . R
V54X0444E PLD NO 4 LATCH 2B LATCHED IND 1
V54X0445E PLD NO 4 LATCH 3A LATCHED IND 1
V54X0446E PLD NO 4 LATCH 3B LATCHED IND 1
V54X0451E PLD NO 4 IN-POSITION 1A INDICATION 1
V54X0452E PLD NO 4 IN-POSITION 1B INDICATION 1
V54X0453E PLD NO 4 IN-POSITION 2A INDICATION 1
V54X0454¢E PLD NO 4 IN-POSITION 2B INDICATION 1
V54X0455E PLD NO 4 IN-POSITION 3A INDICATICN 1
V54X0456E PLD NO 4 IN-POSITION 3B INDICATION 1
V54X0531E PLD NO 5 LATCH 1A RELEASED IND 0
V54X0532E PLD NO 5 LATCH 1B RELEASED IND 0
V54X0533E PLD NO 5 LATCH 2A RELEASED IND 0
V54X0534E PLD NO 5 LATCH 2B RELEASED IND 0
V54X0535E PLD NO 5 LATCH 3A RELEASED IND 0
V54X0536E PLD NO 5 LATCH 38 RELEASED IND 0
V54X0541E PLD NO & LATCH 1A LATCHED IND 1
V54X0542E PLD NG 5 LATCH 1B LATCHED IND 1
V54X0543E PLD NO 5 LATCH 2A LATCHED IND 1
V54X0544E PLD NO 5 LATCH 2B LATCHED IND 1
V54X0545E PLD NO 5 LATCH 3A LATCHED IND 1
V54X0546E PLD NO 5 LATCH 28 LATCHED IND 1
V54X0551E PLD NO 5 IN-POSITION 1A INDICATION 1
V54X0552E PLD NO 5 IN-POSITION 18 INDICATION 1
V54X0553E PLD NO 5 IN-POSITION 2A INDICATION 1
V54X0554E PLD NO 5 IN-POSITION 2B INDICATION 1
V54X0555E PLD NO 5 IN-POSITION 3A INDICATION 1
V54X0556E PLD NO 5 IN-POSITION 38 INDICATION 1
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SM ADDITIONAL INPUTS PAGE 5 of 9
MML NO. NOMENCLATURE I.C.
V5450600E [RMS PWR MCIU MN A/SEL-ENBL ON CMD . 0
V54S0601E |RMS PWR MCIU MN B/SEL-ENBL ON CMD 0
V54X0810E |PORT RMS SHLD POS MECH DEPL IND 1 0
V54X0811E |PORT RMS SHLD POS MECH DEPL IND 2 0
V54X0820E |PORT RMS SHLD POS MECH STOWED IND 1 1
V54X0821E |PORT RMS SHLD POS MECH STOWED IND 2 . 1
V54X0840E {PORT RMS FWD RETMN RDY-FOR-LCH 1 0
V54X0841E |PORT RMS FWD RETNN RDY-FOR-LCH 2 0
V54X0842E |PORT RMS MID RETNN RDY-FOR-LCH 1 0
V54X0843E |PORT RMS MID RETNN RDY-FOR-LCH 2 0
V54X0844E |PORT RMS AFT RETNN RDY-FOR-LCH 1 0
V54X0845E |PORT RMS AFT RETNN RDY-FOR-LCH 2 0
V54 X0860E |PORT RMS FWD RETNN LCH-LCH IND 1 1
V54X0861E |PORT RMS FWD RETNN LCH-LCH IND 2 1
V54X0862E {PORT RMS MID RETNN LCH-LCH IND 1 1
V54X0863E |PORT RMS MID RETNN LCH-LCH IND 2 1
V54X0864E [PORT RMS AFT RETNN LCH-LCH IND 1 1
V54X0865E {PORT RMS AFT RETNN LCH-LCH IND 2 1
V54X0870E [PORT RMS FWD RETNN LCH-REL IND 1 0
V54X0871E |PORT RMS FWD RETNN LCH-REL IND 2 0
V54X0872E |PORT RMS MID RETNN LCH-REL IND 1 0
V54X0873E |PORT RMS MID RETNN LCH-REL IND 2 0
V54X0874E {PORT RMS AFT RETNN LCH-REL IND 1 0
V54X0875E {PORT RMS AFT RETNN LCH-REL IND 2 0
V54X1010E {STBD RMS SHLD POS MECH DEPL IND 1 0
V54X1011E  [STBD RMS SHLD POS MECH DEPL IND 2 0
V54X10208 {STBD RMS SHLD POS MECH STOWED IND 1 1
V54X1021E  {STBD RMS SHLD POS MECH STOWED IND 2 1
V54X1040E  {STBD RMS FWD RETNN ROY-FOR-LCH 1 0
V54X1041E |STBD RMS FWD RETNN RDY-FOR-LCH 2 0
V54X1042E  [STBD RMS MID RETNN RDY-FOR-LCH 1 0
V54X1043E [STBD RMS MID RETNN RDY-FOR-LCH 2 0
V54X1044E |STBD RMS AFT RETNN RDY-FOR-LCH 1 0
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MML .NO. NOMENCLATURE I.C.
V54 X1045€ STBD RMS AFT RETNN RDY-FUR-LCH 2 0
V54 X1060E STBD RMS FWD RETNN LCH-LCH IND 1 1
V54X1061E STBD RMS FWD RETNN LCH-LCH IND 2 1
VS4X1062E STBD RMS MID RETNN LCH-LCH IND 1 1
V54X1063E STBD RMS MID RETNN LCH-LCH IND 2 1
V54X1064E STBD RMS AFT RETNN LCH-LCH IND 1 N
V54X1065E STBD RMS AFT RETNM LCH-LCH IND 2 1
V54X1070E STBD RMS FWD RETNN LCH-REL IND 1 0
V54X1071E STBD RMS FWD RETNN LCH-REL IND 2 0
V54X1072€E STBD RMS MID RETNN LCH-REL IND.1 0
V54X1073E STBD RMS MID RETNN LCH-REL IND 2 0
V54X1074E STBD RMS AFT RETNN LCH-REL IND 1 0
V54X1075E STBD RMS AFT RETNN LCH-REL IND 2 0
V5850139€ HYDR SYS 1 CIRC PUMP-ON B 0
V5850239€ HYDR SYS 2 CIRC PUMP-ON B 0
V58S0339€ HYDR SYS 3 CIRC PUMP-ON B 0
V63S2511E HI LOAD DUCT HTR A/B ON 0
V6352531t HI LOAD DUCT HTR C ON 0
V74X0847¢t CCTV CAMERA OUT OF TEMP 0
V74E4080A S-BD PM XPNDR 1 AGC SIG STRENGTH 2.5
V74E4081A S-BD PM XPNDR 2 AGC SIG STRENGTH 2.6
V74X4745¢€ GCIL-S-BAND PM-XPNDR 1 (ON) 0
V74X4746E GCIL-S-BAND PM-XPNDR 2 (ON) 0
V47X4747E GCIL-S-BAND PM-PWR AMPL 1-STBY 0
V74X4749E GCIL-S-BAND PM-PWR AMPL 2-STBY 0
V74X4753t GCIL-NSP DATA RATE-XMIT HIGH 0




SM ADDITIONAL INPUTS

PAGE 7 of 9

MML NO. NOMENCLATURE 1.c.
V74X4754E  |GCIL-NSP DATA RATE-XMIT LOW 0
V74X4756E  |GCIL-NSP DATA RATE-RCV LOW 0
V74X47586  |GCIL-NSP UPLINK DATA-KU 0
VI4X4776E  |GCIL-S-BAND PREAMP 1 ON 0
V74X4777€  |GCIL-S-BAND PREAMP 2 ON 0
V74X4784E  |GCIL-S-BAND POMER AMPL 1 OPERATE 0
V74X4785E  |GCIL-S-BAND POWER AMPL 2 OPERATE 0
V74X4787E  |GCIL-S-BAND PM LOW XPNDR STON 0
V74X4788E  |GCIL-S-BAND PM HI XPNDR STON 0
V74X4789E  |GCIL-S-BAND PM XPNDR-SGLS MODE 0
V74X4790E  |GCIL-S-BD XPNDR SPRD SPECTRUM DSBL 0
V74X4791E  |GCIL-S-BAND XPNDR RANGING OFF 0
V74X4792E  |GCIL-S-BAND XPNDR FREQ LOW 0
V74X4793  |GCIL S-BAND XPNDR FREQ HIGH" 0
V74X4794E  |GCIL-NSP DATA RATE-RECEIVE HIGH 0
V74X4795€  |GCIL-NSP UPLINK DATA SOURCE-S BAND 0
V74X4796E  |GCIL-NSP CODING RECEIVE-ON 0
V74X4797E  |GCIL-NSP CODING TRANSMIT-ON 0
V74X4798E  |GCIL-NSP RCDR VOICE CHAN 1/2-OFF 0
V74X8799E  |GCIL-NSP RCDR VOICE CHAN 1/2-ON 0
V74X4880E  |GCIL-CCTV REMOTE CONTROL UNIT MN A 0
V74X4881E  |GCIL-CCTV REMOTE CONTROL UNIT MN B 0
V74X5052  |GCIL ACTIVE 0
V74X5176E  |NSP FRAME SYNC LOCK 1 1
VI4X5177E  |NSP FRAME SYNC LOCK 2 1
V74T9220A  |S-BAND PWR AMP 1 TEMPFRATURE 145
V74T9221A  [S-BAND PWR AMP 2 TEMPERATURE 148
V76VO100A  |MAIN BUS A VOLTAGE 28.0
V76V0120A | CONTRL BUS AB1 VOLTAGE 28.3
VI6VN121A  |CONTROL BI'S AB2 VOLTAGE 28.6
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SM ADDITIGNAL INPUTS PAGE 8 of 9
MML NO. NOMENCLATURE 1.C.
VI6V0122A [ CONTROL BUS AB3 VOLTAGE 28.9
V76V0130A | ESS BUS 1BC VOLTAGE 29.2
V76V0200A | MAIN BUS B VOLTAGE 29.0
V76V0220A | CONTROL BUS BC1 VOLTAGE 29.3
V76V0221A | CONTROL BUS BC2 VOLTAGE 29.6
V76V0222A | CONTROL BUS BC3 VOLTAGE , ' 29.9
V76V0230A | ESS BUS 2CA VOLTAGE 30.2
V76V0300A | MAIN BUS C VOLTAGE 30.0
V76V0320A | CONTROL BUS CA1 VOLTAGE 30.3
V76V0321A | CONTROL BUS CA2 VOLTAGE 30.6
V76V0322A | CONTROL BUS CA3 VGLTAGE 30.9
V76V0330A | ESS BUS 3AB VOLTAGE 3.2
V76VI500A | AC BUS 1 PHASE A VOLT 110
V76V1501A | AC BUS 1 PHASE B VOLT n3
V76V1502A | AC BUS 1 PHASE C VOLT 16
V76X1505€ | INVERTER BUS NO 1 07V-0/V 0
V76X1506E | AC BUS 1 OVERLOAD 0
V76C1540A | AC BUS 1 PHASE A CURRENT 4.3
VI6C1541A | AC BUS 1 PHASE B CURRENT 4.6
V76C1582A | AC BUS 1 PHASE C CURRENT 4.9
V76V16008 | AC BUS 2 PHASE A VOLT m
VI6V1601A | AC BUS 2 PHASE B VOLT 14
V76V1602A | AC BUS 2 PHASE C VOLT 17
VI6X1605€ | INVERTER BUS NO 2 0/V-0/V 0
VI6X1606 | AC BUS 2 OVERLOAD 0
VI6C1640A | AC BUS 2 PHASE A CURRENT 6.3
VI6C1641A | AC BUS 2 PHASE B CURRENT 6.6
VI6C1642A | AC BUS 2 PHASE C CURRENT 6.9
VI6V1700A | AC BUS 3 PHASE A VOLT 12
VIEVI701A | AC BUS 3 PHASE B VOLT 15
VI6VI702A | AC BUS 3 PHASE C VOLT 18
VI6X1705€ | INVERTER BUS NO 3 O/V-0/V 0
VI6X1706E | AC BUS 3 OVERLOAD 0
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SM ADDITIONAL INPUTS

PAGE 9 of ¢

MML . NO. NOMENCLATURE I.C.
V76C1740A |AC BU3 3 PHASE A CURRENT 8.3
V76C1741A |AC BUS 3 PHASE B CURRENT 8.6
V76C1742A |AC BUS 3 PHASE C CURRENT 8.9
V76C2811A  [PAYLOAD AFT MAIN B CURRENT 12
V76C2822A |[PAYLOAD AFT MAIN C CURRENT 15
V76V3071A |FWD PCA-1 VOLTAGE " 32.0
V76V3072A |FWD PCA-2 VOLTAGE 32.1
V76V3073A |FWD PCA-3 VOLTAGE 32.2
V76C3075A |[FWD PCA MAIN BUS A AMPS 55
V76C3076A |FWD PCA MAIN BUS B AMPS 60
V76C3077A |[FWD PCA MAIN BUS C AMPS 65
V76C3085A {mo PCA MAIN BUS A AMPS 35
V76C308CA (MID PCA MAIN BUS B AMPS 40
V76C3087A [MID PCA MAIN BUS C AMPS 45
VI6V3091A |AFT PCA-4 VOLTAGE 31.0
V76V3092A rAFT PCA-5 VOLTAGE 31.1
V76V2093A |AFT PCA-6 VOLTAGE 31.2
V76C3095A |AFT PCA MAIN BUS A AMPS 15
V76C3096A |AFT PCA MAIN BUS B AMPS 18
V76C3097A [AFT PCA MAIN BUS C AMPS i
V78X9017€  [RCOR DF1 PCM-BITE 0
V78X9028E [RCOR WB ASCENT DFI-BITE 1
V78X9463E [PCM MASTER BITE GOOD-DFI 1 ]
VIRX9464E [PCM MASTER BITE GOOD-DFI 2 ]
V78X9508E [RCOR WB MISSION DFI-BITE 0
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(. , 1. INTRODUCTION

The GNIC Test Station (GTS) uses math models to simulate many of the Shuttle
systems for which hardware has not been provided. A group of these models
are termed “non-avionic" models since they do not simulate the Shuttle's
“avionic” systems. The "non-avionic" models are needed to supply data for
on-board software processing and to respond to Shuttle commands, whether
t"-v b2 rrom cockpit switches, the General Purpose Computers (GPC's) or the
No.. avionic Simulator (NAS) console.
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2. DETAILED REQUIREMENTS

These requirements specify the logical processing of input stimuli listed
in table 1 to produce values for the output measurements listed in table 2
that stimulate the operation of the flight recorder.

2.1 MATH MODEL DESCRIPTION
This model simulates the output of the flight recorder. Mo logic is
involved. The model merely outputs all of table 2 as static values.

2.2 STS UNIQUE REQUIREMENTS
This medel is not required for STS.

2.3 GTS UNIQUE REQUIREMENTS

This model is required for GTS only.
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3. MATH MODEL LOGIC

This section presents the logic which is the basis for the math model. The
section is divided into two parts. The first part applies to GTS, while

| the second part applies to both STS and GTS.

3.1 GTS PREPROCESSOR LOGIC
NONE

N-3
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3.2 LOGIC FLOW DIAGRAM

The logic flow diagram is made up of interconnected lines, boxes, decisions,
and offpage cennectors.
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4. TABLES

4.1 INPUT STIMULI LIST

Table 1 contains a list of all model'input stimuli. The first column shows
the cockpit panel and switch designation followed by a descriptive nomen-
clature. Entries in the "NOTES" column are explained in subsection 4.1.1
which follows. Applicable MML numbers are listed next, designating their
connection to input stimuli shown in the column marked “SYSTEM CONN-PIN".
The final column indicates the states which the input stimuli may attain.

4.1.1 NOTES DEFINITION FOR TABLE 1

].
2'
3.

4
5

6.
7.
8

9.
10.
1.
12,
13.

4,
15.

Both GND commands req'd to open valve.

F1t. System CMDS to STS or GTS NAS.

Unique to GTS - stimulus from NAS Kybd to GPC.

GND commarids only - no onboard switch or GPC CMDS .
Will be entered at NAS Kybd for GTS.

Power connections are not identified by MML no.
Pseudo entered by operator at DCM or NAS Kybd.
Conn-pin designation uses same MML ID as line above.
Both switch commands reg'd to open valve.

Both GPC commands req'd to open valve.
Stimulus provided by other model.

These commands are mutually exclusive.
Stimuli from MMES, for GTS NAS only.
Fliaht System commands to STS NAS only.
Flight System commands to GTS NAS only.
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4.2 OUTPUT MEASUREMENT LIST

Table 2 11sts all model outputs along with the inital condition value for
the output. Measurement I1.D. and Measurement Name precede pairs of numeric
columns, The first of each pair is labeled FS indicating flight system
engineering units. The second of each pair is labeled CTS indicating the
model count value corresponding to the FS value, [.C. indicates initial
condition values. VALUE 1 typically indicates nominal viaues. VALUE 2 and°
VALUE 3 columns indicate off nominal conditions. The CTS columns indicate
the count value to be used within the STS NAS. For the GTS, automatic
conversion from FS engineering unit values to CTS will be done by the NAS.
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MEASUREMENT OUTPUT FROM HCDR  MODEL - TABLE 2 PAGE . or 2

"EW*EHEN" 1.C. VALUE 1 VALLE 3

I. 0. MEASUREMENT NAME m ol 5 s o UNITS
V75X2540E | RCDR OPS 1 PERCENT TAPE BIT 1 0 0 STATE
V75x2541€ | RCOR OPS 1 PERCENT TAPE BIT 2 1 ] STATE
V75X2582€ | RCDR OPS 1 PERCENT TAPE BIT 3 1 1 STATE
V75X2543E | RCOR QPS 1 PERCENT TAPE BIT 4 | 1 STATE
V75X2544E | RCDR OPS 1 PERCENT TAPE BIT 5 0 0 STATE
V75X26406 | RCDR OPS 2 PERCENT TAPE BIT 1 0 0 STATE
V75X2641E | RCDR OPS 2 PERCENT TAPE BIT 2 1 1 STATE
V75X2642€ | RCOR OPS 2 PERCENT TAPE BIT 3 0 0 STATE
V7SX2643E | RCOR GPS 2 PERCENT TAPE BIT 4 0 0 STATE
VI5X2644E | RCOR OPS 2 PERCENT TAPE BIT 5 1 1 STATE
VI5X2740E | RCOR PL PERCENT TAPE BIT 1 0 0 STATE
V75X2741E | RCDR PL PERCENT TAPE BIT 2 0 0 STATE
V75X2742E | RCDR PL PERCENT TAPE BIT 3 1 1 STATE
V75X2743E | RCDR PL PERCENT TAPE BIT 4 0 0 STATE
V75X2744E | RCDR PL PERCENT TAPE BIT 5 1 1 STATE
475X2505E | RCODR OPS 1 DIRECTION 0 0 STATE
V75T2517A { RCDR OPS 1 HEAD TEMPERATURE 82 DEGF
V75X2523E | RCDR OPS 1 TAPE MOTION 35 1 1 STATE
V75X2529€ | RCDR OPS 1 BITE ek ] 1 STATE
V75%2547€ | RCDR OPS 1 ACTIVE TRACK BIT 1 Z g 0 0 STATE
V75x2548E | RCDR OPS 1 ACTIVE TRACK BIT 2 2~ 0 0 STATE
V75X2549€ | RCDR OPS 1 ACTIVE TRACK BIT 3 «\i 0 0
V75X2550€ | RCOR OPS 1 ACTIVE TRACK BIT 4 4 c, 1 1
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MEASUREMENT OUTPUT FROM “COR _ MODEL - TABLE 2 PAGE Z of 2

MEASUREMENT 1.C. VALUE 1 VALUE 2 VALUE 3 -

1. D. MEASUREMENT NAME = o e Tesl 5 asl s I i
V75X2555E | RCDR OPS 1 FUNCTION MODE BIT 1 1 1 STATE
V75X2556E | RCDR OPS 1 FUNCTION MODE BIT 2 0 0 STATE
V75X2557E RCDR OPS 1 FUNCTION MOOE BIT 3 0 0 ST_ATE
V76X2605€ | RCOR OPS-2 DIRECTION 0 0 STATE
V75T2617A | RCDR OPS 2 HEAD TEMPERATURE 84 608 DEGF
V75X2623E | RCOR OPS 2 TAPE MOTION 1 1 STATE
V75X2629E RCDR OPS 2 BITE 1 1 STATE
V75X2647E | RCDR OPS 2 ACTIVE TRACK BIT | 1 ] STATE
V75X2648E | RCDR OPS 2 ACTIVE TRACK BIT 2 1 1 STATE
V75X2649E | RCDR OPS 2 ACTIVE TRACK BIT 3 ] 1 STATE
V75X2650E | RCDR OPS 2 ACTIVE TRACK BIT 4 0 G STATE
V75x2655€ | RCDR OPS 2 FUNCTION MODE BIT 1 0 0 STATE
V75X2656E | RCDR OPS 2 FUNCTION MODE BIT 2 0 0 STATE
v75%2647€ | RCDR OPS 2 FUNCTION MODE BIT 3 0 0 STATE
¥75x2705€ | RCOR PL DIRECTION ] 1 STATE
V75T2717A | RCDR PL HEAD TEMPERATURE 86 626 DEGF
V75X27236 | RCDR PL TAPE MOTION 0 0 STATE
V75X2729E RCOR PL BITE 1 1 STATE
V75X2747E RCDR PL ACTIVE TRACK BIT 1 0 0 STATE
V75X2748E RCDR PL ACTIVE TRACK BIT 2 1 1 STATE
V75X2749E RCDR PL ACTIVE TRACK BIT 3 0 0 STATE
V75X2750€ | RCDR PL ACTIVE TRACK BIT 4 0 0 STATE
V75X2755€ | RCDR PL FUNCTION MODE BIT 1 0 0 STATE
V75X2756E RCDR PL FUNCTION MODE BIT 2 1 1 . STATE
v75X2757€ | RCDR FL FUNCTION MODE BIT 3 0 0 STATE
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