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1.0 ODUCTION.

1.1 PURPOSE _AND SCOPE.

1.1.1 This handboock is designed as a guide to familiarize the
new System Engineer with the system purpose, operational
characteristics, and components. This handbook also provides
references to associated system interfaces, ground support
equipment (GSE), power requirements, and source documents
containing detailed information necessary to provide a thorough
understanding of overall system operation, maintenance

requirements, failure modes, and results.

1.1.2 This handbook serves as an information reference source

only and does not authorize any type of system operation or

maintenance.

1.2 HOW TO USE.

1.2.1 This handbook is divided into four sections. Section 1
contains information of a general nature which is commen to all
System Engineers regardless of system assignments. All
information in this section is covered in general terms leaving

system specifics to Sections 2, 3, and 4.



1.2.1.1 Section 2 contains information on the
system/subsystem(s). The information contained in Section 2
covers system descriptions, operations, and safety information,
as well as information on interfacing/supporting systems. The
section is presented in easily identifiable paragraph headings
which lead the user to the pertinent topic. All illustrations
follow the paragraph in which they are first called out. 1In
order to alert the user to the fact that some information may be
out-dated, the system drawings are presented with their orginal
title/change block included and should not be considered as

representing the latest configuration.

1.2.1.1.1 The material in Section 2 is to be used as an
information source only, and DOES NOT AUTHORIZE OR DICTATE SYSTEM

MAINTENANCE/OPERATION IN ANY WAY.

1.2.1.2 Section 3 is the Reference Material section and contains
lists of operation and maintenance instructions (OMIs) and other
similar data important to the System Engineer. This data is

unique to the particular system covered in the handbook.

1.2.1.3 The last section in the handbook is Section 4, the
Glossary. Terms, abbreviations, and symbols used throughout the

handbook are defined in this section.



1.3 INFO ON

1.3.1 SYSTEM ENGINEER.

1.3.1.1 Introduction. The following information is based on
experience and reflects an understanding of the Shuttle
processing system engineering job requirements. It is intended
to provide the new System Engineer with tried and true guidelines
for what are the most important elements of his/her work
environment and to stimulate questions for discussion with
his/her supervisor. The formal job description takes precedence

over these gquidelines in case of any disagreement.

1.3.1.2 Reguired Knowledge. Nothing is more fundamental in
determining the value of a System Engineer than his/her in-depth
knowledge of the assigned system or area of responsibility.
Sufficient time and effort must be taken to extract thousands of
technical details from existing documentation. Specialized
technical information which cannot be memorized must be available
at the work area for quick access from organized storage without
a long search required. Familiarity with types of available
information within the technical data files is an absolute
requirement. The importance of maintaining an ongoing mental
effort to acquire detailed technical knowledge cannot be
overstressed. In order to retain this information, periodic

personal review of current material must be undertaken. The
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extent of self-motivation and self-discipline exercised in
gaining and retaining this information as outlined above will in
all probability be a major criterion in evaluating the net worth

of the System Engineer to his/her assigned organization.

1.3.1.2.1 The System Engineer must strive to acquire an in-depth

knowledge of the following:

A. System design, design criteria, and specifications

B. System design certification and qualification test
requirements

C. System operational modes: normal, integrated, emergency,
redundancies, flight, and ground

D. System supporting GSE: design and operational information,
test requirements, interfaces, and structural limitations

E. System interfaces with other flight systems/GSE and the
possible interacting parameters

F. System history: design changes, test failures, offsite
problems, qualification, and certification test histories.

G. Facilities, as designed to support an assigned system or
test

H. Support requirements: safety, special tools or equipment,

and consumables.



1.3.1.3 Functions. The following functions are those which a
System Engineer can expect to participate in as a normal part of
his/her job:
A. Keeping technically current with hardware, facilities, and
other System Engineers
B. Keeping supervision/management informed on activities,
issues, and daily progress
c. Supporting design reviews, onsite and offsite
D. Evaluating and originating design changes/modifications
E. Developing, planning or implementing any or all of the
following products:
1. Facilities plans, layouts, and access requirements
2. Test requirements, design criteria specifications and
operations and maintenance requirements and
specifications documents (OMRSD)
3. Engineering support requests (ESRs)
4. OMIs
5. Software
a. Software applications programs and math models
b. Software verification procedures
c. Software requirements and specifications documents
6. Launch commit criteria (LCC) requirements

7. Measurement lists



8. Problem reports (PRs) and test preparation sheets (TPS)
9. Troubleshooting plans
10. Test evaluation reports
11. Emergency/contingency plans and procedures
12. Support requirements
13. System checkout flows and test schedules.
14. System assurance analysis (SAaA)
15. Hazard analysis report
F. Supporting any related contractor effort with regard to
adequacy, accuracy, and quality. This should be
accomplished in a timely, personal, and professional manner.
These needs may be:
1. Producing the preceding products when requested
2. Timely implementation of planned procedures
3. Conducting operations, checkouts, testing, and
troubleshooting
4. Concurring when possible, with requested deviations to
OMIs or TPSs
5. Adhering to safe operating requirements while
satisfactorily completing and personally supporting the
needed operations and tests,
G. Support team meetings
H. Support team assignments and obtain approval of section

head on all written products before submitting them.



1.3.1.3.1 The primary responsibility of the System Engineer is
to ensure the safe, smooth, efficient flow of flight hardware
through KSC. This requires active participation in hardware
use, operation, and/or testing. Meetings or paper work should

never have a higher priority than personal involvement in testing

or operating procedures.

1.3.1.4 Tools. The System Engineer must have immediate access
to or be on permanent distribution for the following:
A. System drawings, schematics, engineering orders (EOs), and
modification packages
B. Appropriate preliminary interface revision notices
(PIRNs) and change requests (CRs)
C. Systems technical manuals
D. Facilities plans, drawings, and schedules
E. OMRSDs and changes
F. Appropriate ESRs for evaluation
G. Appropriate OMIs and application programs
H. LCC document
I. Appropriate TPS or PR
J. Baseline KSC plans for the system
K. Test evaluation reports
L. Measurements lists
M. Troubleshooting plans
N. Emergency contingency plans/procedures

O. Support requirements documents (SRDs)



Contact telephone numbers for worldwide technical
counterparts and interfaces

Test data results for assigned system(s)

Design center qualification and certification test
requirements and results

Notification of meetings, working groups, and other
appropriate discussions in assigned technical area

Process engineering computer system (PECS).

1.3.1.5 QOperating Modes. To be of maximum value to the program

and himself, the System Engineer must acquire a reputation as the

recognized expert in his assigned technical area. A few personal

and professional golden rules to follow are listed below:

A.

‘Seek out and establish a dialog with counterparts in

Lockheed Space Operations Company (LSOC), National
Aeronautics and Space Administration (NASA), design
center engineers (LSS) Johnson Space Center (JsC), Ksc,
and George C. Marshall Space Flight Center (MSFC) on a
first name, frequently contacted, mutually respectful
basis.

Be open minded to technical inputs, suggestions, other
methods, and potential design changes, and evaluate each
impartially, based on the best solution for the project.
Develop a team spirit with contractor/NASA/LSS contacts and
interfaces and recognize those members that are

contributors.

Change 1



Be alert to information, problems, or rumors that should

be made available to management.

Recognize personnel who are exceptional and make it known

to their supervisors; conversely for poor performers,

except, inform your supervisor and take whatever

action is appropriate.

Be physically present during significant tasks,

operations, and tests of the system. Maintain alertness

and attention to each phase of the test. Be prepared to
alert contractor or other test personnel guickly of any
potential problem which could impact safety or schedule.

When participating in design reviews, meetings with other

directorates, or supporting any preplanned meeting, a

System Engineer is expected to:

1. Be prepared in detail prior to the meeting.

2. Act and react with verbal assuredness in support of
his/her technical position. The only limitations to
verbal assuredness would be:

a. If his/her supervisor requests it
b. A common sense limitation in order to allow
conducting the original purpose of the meeting.

When requesting supervisory support on controversial

issues, a thorough research of the issue should be made to

prevent an over enthusiastic or bent-spear position

resulting from uncertain information or incomplete
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thinking through undermining the position he/she wishes to

be supported.

1.3.1.6 Team Concept. A key ingredient to the success of the

Apollo Program was the team concept. The Shuttle launch team
members must develop a strong identification with the reality of
being essential to the checkout and launch tasks. The
achievement of the Shuttle launch team attitude requires:

A. The acknowledgement that everyone is a key member of the

teanm
B. The consistent best performance of each person involved
C. Active cooperation among all team members

D. Vertical and horizontal communication flow.

1.3.1.6.1 LSOC/NASA/LSS Counterpart Relationship. The
relationship between LSOC and NASA counterparts is that of
contractor and customer. The relationship between LSOC and LSS
is that of system operator and design technical representation.
NASA system Engineers continuously monitor and evaluate LSOCs'
effort in fulfilling the Shuttle Processing Contract (SPC). °S
System Engineers provide real time support to LSOCs' effort to
ensure understanding and compliance with design center
requirements. In addition, both NASA and LSS they perform many
jobs independently to ensure that the proper checks and balances

are maintained.
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1.3.1.6.1.1 There are two key elements necessary for a
successful LSOC/NASA/LSS counterpart relationship: teamwork and

communication. At KSC a System Engineers function centers around

this three member team.

1.3.1.6.1.2 Teamwork. Teamwork is required between LSOC/NASA
counterparts in order to accomplish assigned tasks and to
resolved problems. Counterparts are partners, not adversaries.
Both learn to utilize the talents and resources of one another to
get the job done correctly and efficiently. NASA monitors the
following Lockheeds'efforts to:

A. Prepare the system for launch operations

B. Develop troubleshooting plans

C. Analyze test data

D. Update documentation such as OMIs, and SAAs.

E. Evaluate OMRSD, LCC changes

F. Improve the existing system hardware and software through

modifications

1.3.1.6.1.2.1 NASA and LSS System Engineers participate in all
phases of launch processing operations (with their LSOC
counterparts). They are there to provide their system knowledge
or expertise when needed as well as to ensure that operations

proceed according to program and system requirements.
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1.3.1.6.1.3 Communication. Communication between LSOC and NASA
is paramount to achieving a safe, smooth launch processing flow
for each system. Lack of information results in ignorance and
misinformatiqn, which can be dangerous especially when working in
hazardous operations. LSOC System Engineers must status NASA
regularly on a variety of topics such as:
A. Daily checkout operations
B. Hardware and software PRs and interim problem
reports (IPRs)
C. OMRSD/LCC changes
D. Upcoming meetings and telecons
E. Simulated launches
F. Standard practice instruction (SPI) changes, additions or
deletions
G. Changes in operating procedures, materials or equipment
H. Safety issues

I. Schedule changes

1.3.1.6.1.3.1 Counterparts are encouraged to open the flow of

communication, and challenged to improve upon it.

1.3.1.7 General. A supervisor is required to be aware of all
activities taking place within the group and to maintain a
current status of events. This means that a frequent and
consistent information exchange must take place with all section

personnel. If a significant change in status occurs, it is the
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responsibility of the System Engineer to inform the lead or

supervisor or, in their absence, the manager of this informationg

A. Job satisfaction on a day-to-day basis comes primarily
through the initiative of the System Engineer to stay
involved in work efforts. It may be easy to sit on the
sidelines, but the primary person you are letting down is
the guy you see in the mirror.

B. Several rules are non-negotiable and bring
counteraction if abused. These include arriving late,
leaving early, excessively long lunch periods, and not
being easily located during working hours.

C. The processing of the Shuttle dces not always go smoothly.
Be prepared to come early and leave late to cover work
assignments. Personal health, family commitments, and a
transportation system should all be in the go mode to allow
a heavy commitment of your time when required for support.

D. It is of particular importance to supervision, management,
and director-level organizations that intra-group
cooperation, eager assistance, and recognition of other
contributions be attained. You are not expected to do the
job or assigned task of a fellow worker. You are
expected, however, to lend your expertise to any effort
that is important to your organization. All your actions,
positive and negative, reflect upon your organization just

as the reputation of your organization reflects upon you.
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1.3.1.8 Conclusion. It is obvious from the preceding, that the

System Engineer is the cornerstone of expertise and a motive
force required for successful accomplishment of Shuttle
engineering functions and goals. Without the System Engineer,
the necessary depth of technical knowledge for systems
development and testing would not be attained. Acknowledgement
must be made that the System Engineer is the backbone upon which
management is dependent for support. Recognition of this fact by

the new System Engineer goes a long way toward making it happen.

1.3.2 LSOC ORGANIZATION.

1.3.2.1 General. The following paragraphs define some of the
important organizations within LSOC with which the System

Engineer may interface.

1.3.2.2 Launch Equipment Shop (LES). The LES comprises of

various shops (machine, electrical, pneumatic equipment,) that
support system engineering functions, such as system

modifications and parts rework.

1.3.2.3 Operation Planning and Control (OP&C). OP&C is

responsible for development and implementation of element and
integrated space shuttle processing plans and schedules;
development and release of supporting operations and maintenance

documentation, including the operations and maintenance plan;
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processing support plan and work authorization documents (WADs) ;

and managing the Shuttle work control system.

1.3.2.4 Project Engineering (PE). PE is divided into three

categories:
A. GSE
B. Flight hardware

C. Test project engineering (TPE).

1.3.2.4.1 General. PE interfaces with the System Engineer in
regard to software impact due to configuration
changes/modifications, waivers required on deviations, test

preparation sheets.

1.3.2.4.2 TPE. TPE is the technical interface of the System
Engineer in the firing room. For further description of the TPE
and their duties see the Firing Room Operations, Discipline, and

Protocol paragraph in this section.
1.3.2.5 Quality. Quality consists of the following groups:

A. Quality engineering (QE)

B. Quality assurance (QA)/Quality control (QC).
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1.3.2.5.1 Quality provides many functions that are of interest
to the System Engineer. Good working relations between the

System Engineer and quality is paramount.

1.3.2.6 Site Planning And Scheduling. Site planning and

scheduling is responsible for maintenance and coordination of
Shuttle inflow work and modification schedules for sites pad

A/B, mobile launcher platforms (MLP), vehicle assembly building
(VAB), flight GSE, orbiter processing facility (OPF), hypergol
maintenance facility (HMF), rotation processing and surge
facility (RPSF) and shuttle landing facility (SLF); coordination
for KSC operations and other external agencies involved in work
affecting inflow processing; and coordination and control of work
schedules, work planning, and support requirements for all

processing activities performed at the processing sites.

1.3.2.7 Technical Operations (Tech Ops). Tech Ops is the

organization which provides the technicians that perform the

system maintenance and launch support.

1.3.3 FIRING ROOM DISCIPLINE AND PROTOCOL.

1.3.3.1 General. This section is designed for test conductors
(TCs) and System Engineers who are responsible for conducting
tests on orbiter flight hardware and GSE. The section provides

operating disciplines and protocol required within the firing

1-16 Change 1



room during testing, maintenance, and launch of the Shuttle
vehicle. This section also provides personnel with a common
understanding of standard practices to be used in the firing
room. Good firing room practices and adherence to protocol are

necessary to ensure :

A. The protection of lives and well being of personnel at the

test sites

B. The protection of flight and ground support hardware.

1.3.3.2 Assignment. An assigned firing room becomes dedicated

to a particular orbiter vehicle the moment that the orbiter
arrives at the OPF. That firing room monitors and controls all
checkouts and tests for that vehicle up to and including launch.
There are two working bays in the OPF, two assembly high bays in
the VAB, two firing rooms [a third secured firing room for
Department of Defense (DOD) payload launches], and two launch

pads to allow for two shuttles to be in process at the same time.

1.3.3.3 Firing Room. The firing room configuration is

determined by the KSCL-1735-035 Firing Room Utilization Plan,
Appendix A, which defines responsibilities and console
assignments for each System Engineering station. The System
engineer must study this plan in detail prior to console

allocation. The firing room layout is shown in figure 1-1.

Change 1 1-17



FIRING ROOM & 3
[\ A2 [ 43 0 A2 43
Cl c2 1
PAYLOAD: ME&::EHC‘H CO%%{‘P:‘AW AP&;GYD:
CARGO | PLBD NAVAID HYD 50024
CITEM B0 ONLY
PLCHO 5 A2 43 ETCQs HYDORS
SL ETCO HYDSRS
CPLE INTEGRATION
~~——] HOT SPARE ~—
0140 0108
2 A3 Al s a A3 A 4
c3 ca (s c6 %
Lo2: LO2 LO2/LH21 LH2 B e B s
TPROP MPS/SSME: MPS SSVELL PVD
MPS/SSMEs MPS MPS LH2
SSME E SRSSs PRSD/FCs
MPS 02 SRS FCP
GN2 RS FCPRSD
/ N—_— -~ pa———
I e s I 124 i23
L~ . L~ N P
< A3 Al a5 2 A3 Al 43
s/ cr 8 <9 c9 clo
MECH:  OMS/RCS: APU/HYD: OMS/RCS: COMM/NAVs EPOC:
COMM EPOC  BSEP
MECH HYFUEL APU HYDXID NAVAID EPMEC TPOWR
PLBD HYD HYHEBN T SSUEPM
OAA: BHYD INSTs BELEC
GOXARM HYDORS Rl CE0f s BREC
Q'}';ER BINST LHLDFD BPYRO
TINST
132 131 I 104 139
ﬂ A3 Al P A3 Al 45
. cll c2 4 INTG X 4
BACKUP: INTGs INTES
GNCs OPS: 8KUP MET
GNC OPS VEALL
FC BMOM VECPRS
8Fc DPSSSW VESSW
VEIDME
VEIDPS
SW
148 147 56 55
L N P L L
Figure 1-1. Firing Room Layout



1.3.3.4 Standboards. A standboard comprises exper-

ienced qualified personnel who conduct hands-on training and
testing to assure that each assigned System Engineer is given the
proper training to meet the minimum basic requirements necessary
to function within the firing room environment without being a

detriment to himself, to others, or to the test in progress.

1.3.3.4.1 Participants. Standboards are conducted on an

informal basis with the following personnel in attendance:

A. Orbiter test conductor (OTC)

B. Test project engineer (TPE) and/or system specialist
C. Quality engineer (QE)

D. Safety

E. Cognizant supervision.

1.3.3.4.2 Format. The System Engineer is given an oral and/or
written quiz in his/her system dlscipline. All active stations
are manned by qualified personnel certified for that position or
by on-the-job (OJT) training personnel backed up by a certified
console operator. A certificate of qualification is issued to

the System Engineer upon completion of the minimum requirements.



1.3.3.5 Work Performed in the Firing Room. Only qualified

personnel are permitted to operate the firing room. These
personnel perform the following tasks:

A. Payload processing

B. Troubleshooting

C. Test and maintenance operations on the orbiter hardware,

GSE, and software.

1.3.3.6 Personnel. The personnel assigned to the firing room
and their respective responsibilities are defined in the

following paragraphs.

1.3.3.6.1 System Engineer. The System Engineer is respon-
sible for conducting system/subsystem testing and troubleshoot-
ing, providing support for other system testing, and monitoring
his/her system. The System Engineer is responsible for keeping
the respective TC apprised of the progress of his/her
testing/troubleshooting, and for making recommendations on any
real-time changes which may improve operational conflicts which
can occur from time to time. The System Engineer is also
responsible for keeping his/her management apprised of the status
of any testing and troubleshooting in process. The System
Engineer is also required to report to his/her OTC or

tank/booster test conductor (TBC).

[
i

20



1.3.3.6.2 Lockheed Test Director (LTD) and NASA Test Director
(NTD). The LTD and the NTD are responsible for overall test
operations within the firing room. This includes schedules,
discipline, and safety of all operations. The LTD and NTD are
also the direct interface with Safety in support of all
hazardous operations. The LTD and NTD also interface with
Security and outside agencies such as Houston Flight, White
Sands, Merritt Island launch Area (MILA), etc.. The LTD and NTD
are the single-point of contact for public address announcements
relating to hazardous operations. The LTD/NTD is the prime
executor of emergency procedures documents (EPDs). The LTD
position is manned seven days a week and is the primary interface
with offsites. The NTD primarily mans the firing room during
tests‘or other procedures requirihg formal crew involvement

(S0007, S0017, S0014). Normally, the importance of the procedure

determines the involvement of the NTD.

1.3.3.6.3 0OTC. The OTC is responsible for the conduct,
discipline, and safety of all personnel during orbiter related
test operations. He/she is responsible to support the test teanm
with the resources under his/her direction as well as execution
of the schedule, including all firing room-initiated adjustments
to that schedule. The OTC, like other element TCs, is
responsible for updating the Shuttle processing contractor (SPC)
management chain on schedule or test accomplishments, problems,

and recommendations for schedule improvement. He/she is involved
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in all OMI call-to-stations (CTS) and assurance that all
personnel conduct their tests to the highest standards of safety

both within the firing room and at the test site.

1.3.3.6.4 TBC. The TBC has a dual function, acting in the
combined capacity of a tank and a booster test conductor who

reports directly to the LTD.

1.3.3.6.5 Support Test Manager (STM). The STM is the primary
interface within the firing room for support services such as
operational intercommunication system (0IS), trucks, cranes,

sampling labs, etc. The STM works through all TCs and the LTDs.

1.3.3.6.6 QC Runner. The QC runner is a person designated to
distribute deviations to Test or control documents directly to
the console operators within the firing room. He/she reports

directly to QC.

1.3.3.6.7 Safety Console Coordinator (SCC). The SCC is the one
person within the firing room who is responsible to coordinate
the activities of all site Safety personnel in support of firing

room operations. The SCC reports directly to the LTD.

-



1.3.3.6.8 Firing Room Quality Control Coordinator. The firing
room QC coordinator is responsible to verify the accuracy and
completeness of all documentation performed from the firing room.
A QC representative, control monitor quality control (CMQC), is
assigned to each System Engineer and TC on their OIS channels
during the performance of firing room operations. The firing

room QC coordinator reports directly to QcC.

1.3.3.6.9 TPE. The TPE has the primary responsibility for
technical integration within the firing room. He/she acts as the
technical adviser to the OTC/Launch Test Conductor (LTC). He/she
has system monitoring capability at his/her console and may serve

as backup for some system personnel during breaks and lunch. The

TPE reports directly to the OTC.

1.3.3.6.10 Pad Leader. The Pad Leader is an extension of the
OTC at the work site. The Pad Leader is responsible for
directing, controlling, statusing, and working out any problems
at the test site. The Pad Leader provides technicians with local
QC, equipment, etc., and works with Safety in support of

operations which are directed from the firing room. The Pad

Leader reports directly to the OTC.
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1.3.3.6.11 Others. The following is a list of other personnel

and their call signs connected to the firing room operation:

AD

System Engineer including NASA and LSS counterparts (see
KVT-HB-0002, Call Sign Handbook for specific callsigns).
LTD Channel 212 or 232

OTC Channel 132

TBC Channel 136

STM (STM)

Data coordinator

LSOC SCC (ScC)

LSOC cargo systems lead (CPLE)

McDonnell Douglas Astronautics Company (MDAC) payload
test conductor (PTC) including the payload customers
[firing room and engineering support assembly (ESA)]
NASA Landing and Recovery Director (LRD)

Checkout, contreol, and monitor subsystem (CCMS) master
console operator (LPS)

Firing room test assembly inspection record (TAIR) station
personnel (CMQC)

Record/playback station personnel (JRPS)

Firing room TV monitors (JYVO) Channel 138

Firing room OIS (GYCC) Channel 117

Orbiter Pad Leader (PAD)

TPE (TPE).
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1.3.3.7 Test Team Organizational Charts. The Test Team
Organizational Charts depicting day-to-day operations and the
integrated test team are shown in figures 1-2 and 1-3. These
charts show the hierarchy to which personnel working in the
firing room must adhere. These can be found in KVT=0I-0001.A,

STS Systems Operations Instructions, and SP-101 (2) K.

1.3.3.8 Equipment and Documents Required for Testing. Equipment

and documents for the major test procedures in which the System
Engineer or the test team may be involved at test time; OMIs
which are subtasked to the system major OMI, include the
following:

A. Standard configuration OMIs which apply to the system of
the System Engineer, including Shuttle/Orbiter standard
powerup power down OMIs (V9001, S$9001).

B. Software listings for Downlink Downlist software
requirements (These are available from the TPE.)

C. Advanced electrical schematics

D. System schematics for troubleshooting

E. Call sign/Word Handbook (KVT-HB-0002)

F. Log book

G. Current phone numbers of management and other members of

your group
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'H. Emergency Procedures Document

I. Headset

J. SPIs on OMIs, deviations, TPSs, IPRs, PRs, connector and
demates, and classified firing room

operations- if DOD flow.

1.3.3.9 iri ocom_Operations iscipline, and Protocol. It is
important that firing room personnel follow specific formalities
when entering the firing room, and that personnel within the
firing room environment adhere to a defined discipline of

operation.

1.3.3.9.1 Reporting for a Test. For the start of a new shift,
enter the firing room, go directly to your console, obtain your
shift tie-in, put on your headset, go to the command channel, and
report to the applicable TC that shift is reporting on station

and continuing with OMI, TPS, IPR, etc.

1.3.3.9.2 If you are entering the firing room to initiate a
scheduled WAD, so state and request CMQC coverage on your
channel. If you require PAD or tech support, also request that
they be sent to your channel. If your WAD is an OMI, inform the
TC that you require his/her support on your channel for call-to-
station, unless your OMI is subtasked; in which case, your

subtask OMI CTS is not performed, as it will be conducted by the

integrated/control OMI.
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1.3.3.9.3 Use of the Firing Room as a Walkthrough. Because of
their physical locations, firing room 1 and 2 are used as
walkthroughs to gain access to other launch control center (LCC)
and VAB locations. Under most conditions, it is acceptable to
walk through without checking with the LTD/OTC, provided you
travel a path in front of the firing room and along either one of
the side walls and that you do not stop to chat along the way.

It is unacceptable to walkthrough during full-up integrated
tests, i.e., S0017, S0007, S0014, etc. There is usually

controlled access if testing.

1.3.3.9.4 Visiting the Firing Room. With the preceding
exceptions, visiting for business purposes is permitted:; e.g.
firing room paper cleanup, test coordination, technical
discussions are permitted after you have checked through the
LTD/OTC and obtained permission to visit a specific location.
Conditions for walking into and out of the firing room TAIR

station (QC) are considered the same as walk-through conditions.

1.3.3.9.5 Leaving Station. At shift change, it is not
necessary for the relieved System Engineer to check off-station
as the requirement is for the oncoming shift to report in. The

System Engineer should check off-station through the applicable



TC when he/she terminates operations for that shift. Further,
when checking off-station, he must give to the relieving System
Engineer a thumbnail status of what has been accomplished during

the shift.

1.3.3.9.6 Launch Complex Paging System. This paging system is
to be used for test announceﬁents only. Paging may be used,
however, with Test Director concurrence, or as a last resort to
establish communications. Normally, those who have paging
capability on the local net include the LTD, OTC, TBC, and
Safety.

1.3.3.9.7 OMIs. An OMI is a test document based on OMD Handbook
$00000-2 formatting standards which compiles requirements for the

purpose of accomplishing specific objectives.

A. Section I. Physically located in the front of an OMI, the
information section. The major information within this
section is:

1. Special tools and equipment, i.e., materials equipment
requirement list (MERL)

2. GSE required for the OMI

3. Safety requirements which identify the hazardous

operations within the OMI
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4. Special instructions which identify operational
information needed for OMI performance

5. OMRSD requirements.

Section II, Preoperations setups. Contains step-by-step
setup instructions for nonpowered configuration, which must
be established to start a test. Preoperations must be
complete (unless identified otherwise) prior to CTS.
Section III, Operations Support Setups. Contains
step~-by-step instructions to establish a new configuration
or move from a previous configuration to another
configuration during the performance of the test.
Operation support setups are those which are required after
CTS.
Section IV, Operational Sequences/Steps. Contains the
steps which are required to satisfy the test requirements
and objectives of the OMI. This section also covers the
hazardous operations performed during the test.
Section V, Postoperations Instructions. Contains the
steps necessary to secure from a test.
Test appendices, data sheets, emergency sequences.
Hazardous OMIs are identified by the following:
1. The cover is highlighted in red and has the words this
OMI contains hazardous operations.
2. Section I, Safety Instructions, specify the hazardous

operations involved during OMI performance.



3. The use of Warning and Caution notes during OMI
performance.

4. Specific emergency instructions in Appendix Z

5. Bar charts showing hazardous operations with bold
diagonal lines.

H. Cautjon and Warning Notes:

1. Caution. A note which alerts personnel that the
following sequence or steps if not properly
performed could cause damage to hardware.

2. Warning. A note which alerts personnel that the

sequence or steps which follow could, if not properly
performed or due to an accidental condition, cause

injury to personnel.

NOTE

During the performance of an OMI, it is mandatory

that each Warning note be read by the test leaders

over the OIS to all personnel supporting the test on

that channel.
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Appendix 2. Contains instructions to put the system into a
safe configuration from an emergency condition.

GP 1098, Ground Safety Plan, contains information
concerning clears and controls required during hazardous
operations. This document must be supplemented by
coordination with the Shuttle Processing Contractor Safety
group during test document development.

EPD. The EPD contains emergency instructions and
directions for emergencies which occur during routine
operations or major testing. There is an EPD for each test
site (OPF, VAB, pad, etc.). The EPD ties in with Appendix
%z in that Appendix Z safes from a specific condition which

was created by the OMI containing Appendix Z. Appendix 2

instructions are executed primarily by the TCs and systems

pefsonnel, with the instructions usually specific to
hardware/software. After safing per Appendix Z, the EPD
continues with the emergency condition in broader, more
general terms, carrying the emergency to a final and safe
conclusion. Appendix Z instructions are specific to active
OMIs while EPDs are specific to conditions which may or may
not be the result of an active OMI. EPDs are primarily
executed/controlled by the LTD/NTD.

X-OMIs. A classified OMI in its entirety. This normally

has DOD payloads, trajectories, flight checks, etc.
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Appendix_Q. A classified portion of a Shuttle
hardware/software (Shuttle/Payload integrated tests) OMI
given to those personnel who have a need to know. When the
console operator comes to a classified subject of the test
within an unclassified OMI, Appendix Q picks up, and is in
the possession of those personnel who have a need for it in
running the test. After completion of the classified
portion in Appendix Q, Appendix Q is then put away and
safequarded, and the remainder of the unclassified OMI is
accomplished.

Hazardous Steps. Prior to the start of all hazardous
operations, there is a Warning note stating: "Hazardous

Steps Follow."™ At the completion of the hazardous

operation, there is a Warning note stating " Hazardous

Steps Complete." When performing hazardous operations,

perform the following:

1. Prebrief the operation with all personnel supporting
you on your OIS channel.

2. Review Appendix Z (if an OMI) or your prewritten
Emergency Instructions (if IPR, TPS, or PR) with
applicable personnel.

3. Read all Caution and Warning Notes as you progress

through the test, time permitting; if not, prebrief.



4. All deviations written to hazardous OMIs require
Safety signature. All hazardous OMIs/OM TOPS
require Safety signature.

5. If other than an OMI, those personnel wanting to
perform hazardous operations from the firing room
are respohsible to supply the applicable TC or LTD

with a copy of the paper, i.e., deviations, TPSs,

IPRs, etc.

0. KMI 1710.13 (KSC Management Instruction). This document

sets the guidelines for how hazardous requirements are
satisfied. It contains the information on how hazardous
operations are formulated.

Repetitive task OMI (RTOMI). An OMI with tasks,
operations, or configurations considered standard, usually
repeated one or more times each flow, and performed
exclusively as support to other tests or operations. This
type OMI does not satisfy test requirements except those

that are necessary to assure a correct support

configuration.

Operations manual (OM). A manual, divided into tasks, that
details the steps necessary to process hardware and

associated ground support equipment (GSE).
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1.3.3.10 Conducting Systems Tests. After completion of CTS, the

System Engineer should give a brief description of the test about
to be performed to those personnel on his/her test channel so
that all supporting personnel are aware basically of why they
are‘there. If it is a hazardous test, make sure that all
Appendix Z participants have reviewed their Appendix 2
requirements. As you progress through the test, you should state
frequently what step you are performing. As each sequence is
complete, so state, and announce the start of the next. Aall
Caution and Warning notes must be read verbatim to all personnel
supporting you on your channel. Prior to the start of each
hazardous operation, you must conduct a briefing of the hazardous
operation about to begin. Also review with the specific test
participant(s) any specific Appendix Z steps that may apply to

the test.

1.3.3.10.1 Declaration of an Emergency. If you have a degrading
or malfunctioning condition that you feel requires immediate
action by personnel on your channel (to prevent injury to
personnel or damage to hardware), you must alert and execute as

follows:

A. "Break--Break", "This is an emergency," "OMTG," "057
Panel," "Close valve XX now."
B. Recapping and paperwork comes later, after the emergency

condition has been safed.

—t
[}
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1.3.3.10.2 Stopping a Test. If you must stop the test for any
reason, (break, paper processing, etc.), so inform the personnel

supporting you. They may be able to break or have a personnel

changeover in the meantime.

1.3.3.10.3 Continuous Testing. If you intend to continue
testing through lunch or shift change, you must notify the OTC as
much in advance as is known, so arrangements can be made to keep
your personnel on-station. Obviously, you should notify your

supporting personnel.

1.3.3.10.4 Breaks. If there is a need to take a break

during active testing, or while you are in the monito} mode,
notify the TC. If your system is down, the break may be taken
without a relief. If your system is up, the TPE may have monitor
capability; in which case, he/she monitors (no test activity)
from his/her console. If there is hazardous test activity at the
site, you have to wait until it is terminated before breaking,
unless arrangements are made through the TC to cover it

otherwise. (NASA can monitor but not test).

1.3.3.10.5 Reporting Problems. When do you request an IPR?
When you are initially faced with your problem, check it out
first. A certain amount of research and mental gymnastics is

expected prior to requesting an IPR. However, whenever you are

Change 1 1-37



in doubt or do not fully understand a condition you should take
an IPR. To request an IPR, contact the TC (OTC, TBC) on his/her
command channel. Give your callsign; give the document you are
working; explain the problem; and give sequence, step, and
constraint, if possible, and if you intend to stop testing to
troubleshoot. The TC makes sure that CTPE and CMQC are
monitoring. You are given an IPR number, at which time either
you or QC fill out an IPR index card. The information on this
card is what is fed into the central IPR system [problem
reporting and corrective action (Praca) data base] for tracking
purposes. He/she then uses the card to fill out the first page

of the IPR, which he/she gives to you.

1.3.3.10.6 You should put a constraint statement on the iPR if
possible/known. You should then write your troubleshooting plan
and steps which satisfy this plan or continue with testing,
depending on your original discussion with the TC/TPE.
1.3.3.10.7 Active Troubleshooting. The first order of business
to initiate active troubleshooting on an IPR is a request through
the OTC for PAD/OPS, etc. to come to your channel to discuss
whatever special equipment is required to support your
troubleshooting. This equipment should be listed on the IPR.
The next item you should initiate is the Troubleshooting Plan.
This is a plan that narratively describes what you intend to do

for your first phase of troubleshooting. Also described is the
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purpose of the plan. You then obtain signatures for the plan and
proceed to write the technical/operational steps which execute
your plan. At the completion of the steps which satisfy this
first plan, write a summary of the results of these steps, again
obtaining the appropriate signatufes. If there is a need to
continue with the troubleshooting, you must repeat the process
i.e., plan, steps, summary. Continue to do so until you have
solved the problem, or require an upgrade of the IPR. Keep in

mind that your interim summary is very important for the recap.

1.3.3.10.8 Requesting Support. Personnel who are not
specifically assigned to your testing channel, JYVO (OTV-
Channel 138) and GYCC (OIS-Channel 117) must be requested. All
requésts for other personnel or contractors to support your
operations must be coordinated through the applicable TC (OTC,
TBC, etc.,). No OMI is to specify direct contact with those not
assigned to the testing channel. Direct OIS or phone contact

with resources not assigned to your test is forbidden.

1.3.3.10.9 Master Alarms. Appropriate reactions to master

alarms are:

A. During a test, if your SCO reports a master alarm, and the
master alarm is not specifically called out in your test
document, notify the OTC. If you are the cause of the

alarm and it is a normal occurrence, tell the OTC and he
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will permit you to reset the master alarm. The OTC will
ask you to write a step in your test document as
verification. He/she also notifies the Instrumentation
System Engineer, who is the keeper of the master alarm
problems.

If the master alarm is not immediately explained, the
Caution and Warning (C&W) Instrumentation Engineer does a
search pattern to identify the source of the master alarm.
If the master alarm cannot be identified (source/system) an
IPR is taken by the instrumentation group. For that
reason, he/she is in control of master alarm reset. We
consider master alarms as very important and we want to
know why they occurred.

If you are performing a test that causes master alarms (as
normal occurrences), you should have steps in your WAD to
notify the OTC that the following test causes master

alarms.

NOTE
Reset of the master alarms does not
get rid of the data. The master alarm does

not silence until a button is pushed.
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1.3.3.10.10 Firing Room Fire Alarm/Halon System. Appropriate

reactions to firing room fire alarm are:

A. If the fire alarm or Halon system goes off in the firing
room and you are not monitoring powered systems or GSE
hardware, evacuate the room in a very orderly manner.

B. If you have powered equipment (an active station), notify
personnel supporting you on your channel about the fire
alarm. Safe or be prepared to safe your hardware and wait
for instructions from the LTD/NTD/OTC. Do not leave until
instructed to do so, unless of course you are in immediate
jeopardy.

C. When the Halon system flashing red indicator light is
activated, there is an approximate 20-second time delay

before the Halon is actually dispensed. Treat the same as

in steps A and B.

1.3.3.10.11 The Schedule. There are only two official schedules

which direct operations on the Shuttle program.



A. The KSC integrated control schedule (KICS) is commonly
known as the 72 hour, 11 day schedule. The 72 hour
portion of the KICS shows minimum detail of any specific
operation. The 11 day portion generally only references
an operation and is in less detail than the 72 hour
portion.

1. The KICS schedule is the result of a scheduling
meeting conducted each day and involves representatives
of all systems, support. Cargo, and other contracter
organizations working the Shuttle program.

2. The BULLDOG is the firing room final edition of the
KICS schedule, printed and distributed each afternoon

at the end of first shift.

B. The second schedule, the MINI (flags), is a detailed
breakdown of the minimum detailed operation which is

specified on the 72 hour portion of the KICS.

1.3.3.10.11.1 The Systems Engineers complete a Schedule Data
Sheet and submit it to PP&C or LCC operations during the
appropriate scheduling meetings, or at least 24 hours prior to
WAD performance. Tasks are not scheduled in the KICS, Floor, or
GSE schedules to be worked within 24 hours of the test unless the

paper/parts are available with appropriate signatures.



1.3.3.10.11.2 If you want to put into work an operation that is
not specified to be performed at that time, or you do not intend
to perform an operation that is specified, you must coordinate
these changes through the applicable TC. There is an operational
and management chain that is charged with the responsibility of
tracking, reporting, scheduling, and rescheduling these

operations; the TC is the beginning of this chain.

1.3.3.11 Deviations. An OMI change is required during real-time
OMI performance or a change written prior to the start of an OMI
when there is insufficient time to process an ICR or conduct an

OMI review.

A. Deviations are covered in detail in 0G-306 OMI Dev
Processing, and also in SPI SP-511 (2). There are four

different categories of deviations, as follows:

1. Permanent Deviation. A change which is effective for
all future flow performances of the OMI section to which
it applies and includes all reruns on the same flow. If
a deviation has been logged through Quality and later
there is no intent on running the deviation, another

deviation must be written to delete the original.



B.

2. Temporary Deviation. A change which is effective
one time only. Any future reruns of the applicable OMI
section requires a rewrite of a temporary deviation if a
rerun of the deviation is also intended.

3. Temporary-Recycle Deviation. A temporary deviation
which is rerun during recycles for subsequent launch or
ianding attempts (OMIs S0007, S0026, S0028) on the same

space transportation system (STS) mission.

The Processing Support Plan (PSP). This is a baseline
for all inflow processing and maintenance required and
approved for a specific STS mission. It is broken down
alphanumerically. Only those tasks listed in the PSP are

scheduled or have WAD released.

PSP Deviations. Any additions or deletions to tasks or
operations listed in the PSP must be authorized prior to
the release of the paper to the site TAIR station. These
deviations normally are written before the PSP is released
on the street, but are written as required during

real-time needs.

Job Cards. Job cards list repetitive site local
(primarily mechanical) tasks and are kicked off in OMIs,
and in some instances, specified by schedule only. A

particular job card may be called out in one OMI and then,



further on down the line, may be called out in another
OMI. They are normally worked by technicians and are
taken out to the work area with them. They also contain
operations support and preoperations not contained in an
OMI.

TPS. The procedures for TPSs are taught in course 0G-141,
OMD Familiarization, and are also found in SPI SP-504 (2) .
Generally speaking, TPSs are written usually for a

one-time-only test or operation.

TOPS Handbook (S00000-2).

Engineers Buying Off Their Own Work. The following ground

rules apply:

1. In some cases, engineers are allowed to proceed without
firing room QC coverage during the execution of an OMT.

2. While this applies mostly to nonhazardous, single-
system tests, it may also include the nonhazardous
portions of hazardous OMIs. Keep in mind that although
the firing room QC (CMQC) is not present, the
technician at the work site may have a QC
representative with him/her. i

3. This agreed upon list of OMIs is located in SPI SP-519
(2), Appendix A. This list is also posted in the

firing room (TAIR) work control station.



NOTE
As Quality takes over operation of the TAIR
stations, there will be more personnel available
to function as firing room quality. The preceding
procedure may be scrapped at a later date as a

result.

H. Types of Constraints.

1. Category I. Prohibits the power-up or CTS of an
operation, or the operational step of an OMI not
containing a power-up.

2. Category II. Prohibits the start of a specified
sequence/step(s) after test start within the

operational section of a WAD.

3. Category III. A constraints list addendum. The
section of a constraints list which lists open work
items whose constraint status for equipment hardware
and software being used in support of, or being tested
by a WAD is unknown. All category III items must be

upgraded to category I or category II, or signed off

as no constraint.

I. Open Item Review (OIR). A meeting conducted to identify
items which could constrain the start or performance of an

OMI. All open items are reviewed against the flight



element, payload, and GSE to be used to conduct the WAD.
Items identified as constraints are compiled into a
document called a constraints list. OMIs that must have
OIRs are listed in a matrix in SPI SP-507 (2), Appendices

A and B.

1. After the OIR, the constraints list is sent to the TAIR
station so that each constraining item can be closed as
worked off. Four (4) hours prior to CTS, the
OIR/Contraints List is sent to the firing room TAIR
station.

2. Category I constraints must be closed prior to CTS.
Category II constraints are tracked during the OMI and
must be closed/waived before the start of the
vapplicable WAD sequence/step.

3. Engineers also provide a constraint disposition on all
Category III items, constrain all flight hardware and
software items in the open item status report (OISR)
without a constraint, disposition all unconstrained GSE
items in the OISR as a constraint to a specific WAD
sequence and flight or as a none. If none, add

supporting rationale in the OISR for transfer to the
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4.

constraints revision record (CRR) by OP&C. This
information is covered thoroughly in SPI SP-507 (2).

a. It is the primary responsibility of the System
Engineer, TPE, and TC (for integrated OMIs) to
see that their constraints are cleared.

b. If, after CTS, new paper is found, the engineer
and TC must be immediately notified and a
determination is made whether the paper is a
constraining item. If it is a constraint, the
sequencé énd Step must be listed and it becomes a
category II constraint.

CRR. This form is a traveler attached to all WADs
which augments the constraint block and has ample
space to list and change constraints.

a. No WAD shall have a none constraint disposition
unless supporting rationale is provided on the
CRR (per Appendix E of SP-507 (2)). The none
constraint category does not exist for flight
elements.

b. A CRR is attached to each WAD upon constraint
disposition. Any time a constraint changes, the
new constraint(s) are recorded on the WADs CRR

to provide traceability.



1.3.3.12 Logs. Logs provide continuity between shifts and act
as adjuncts to troubleshooting. They shall contain an accurate
record of events that transpire during the course of a shift,
including dates, times and other information that would be
helpful in retracing events to support troubleshooting
operations.
A. Minimum requirements for logbook entries:
1. Major significant activity/events as per the schedule,
test procedure, or WAD
2. Major realtime deviations from planned schedule, test
procedure, or WAD
3. Real=-time requirements, authorizations, concurrence
4. Problems including measurement or system outages
5. Information relevant to specific problems
6. Support activity information or communications to or
from management or customer
7. Test area openings and closures (notification and
actual clearing and accessing times)

8. Significant personnel changes (absenteeism that affects

scheduled operations).

B. Log Entry Criteria.

1. All entries shall be made in black ink by ballpoint

pen.

2. Entries should be self-explanatory and complete, but

brief and to the point.
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3. Entries should be grammatically correct and legible.
4. Wrong entries shall be corrected as follows:
a. Neatly lineout incorrect portion using a
single line.
b. Insert correct information.
c. Initial correction.
5. Entries should be in chronological order.
6. Open-ended entries shall be followed by subsequent
entries to make them close-ended.
7. After the last data entry in the log, the log book
shall be retained as a permanent record for a period of
1 year.
Data Playbacks. Requests for data playbacks should be
made through the LSOC TPE (CTPE) and NASA Project Engineer
(COPE) .
Firing Room Console Problems. If you have a problem with
your console, contact the TC. If it occurs during a
critical portion of your test, request that the CTPE
call up your program and relocate yourself to the
integration console until your console is reloaded or

another console is assigned to you.

E. General Problems Within the Firing Room. Contact the TC

for the following:

1. For TV monitor problems, TC contacts JYVO (OTV/CCTV

CTLR) on channel 138.



2. For OIS/Communications problems, TC contacts Gycc
(Communications Control) on channel 117, or 867-4141.
If you are unable to report, get someone to report the
information for you. State identification, location,

type of equipment, and problem encountered.

1.3.3.13 General Emergencies. General emergencies in the firing

room are classified as follows:

A

Loss of OIS. When we find we have lost OIS, all of the
subsystems are polled by the OTC for their hold capability.
Even if there is minimum activity in the firing room and
you lose OIS, the OTC wants verification that you can hold
in your present configuration until the OIS is
reestablished.

1. Nonhazardous testing. The oOTC polls the subsystems for
holding capability and stops all tests.

2. Hazardous testing. Again, you are polled by the oOTC
for your hold capability. If you happen to be involved
in a hazardous subsystem test, you have had on-net
pretest briefings prior to the start of your hazardous
test. 1In prebriefing you should discuss with all the

personnel, who are remote to your location, but who



under this situation have responsibility and decision
authority whether to safe their hardware, if it is
dictated by the test, or maintain their present

configuration.

NOTE
Once OIS is lost during a hazardous test, the responsibility
of the hardware belongs to the people who have control of
that hardware. If it is remotely controlled from the LCC,
and you cannot hold, and you have the capability from the
firing room for safing of that system, that is exactly what
you do. No on-net discussion with the OTC/LTD/NTD is

necessary. If you feel it must be safed, safe it.

B. Loés of Launch Procseeing System (LPS).

1. Nonhazardous testing. As in the case of loss of OIS,
the test is stopped until LPS has been recovered.

2. Hazardous testing. This generally requires the
subsystem to take immediate action to locally safe the
system and is dictated by the configuration. If there
is loss of LPS and you no longer have direct talk
capability with the hardware, but you do have local
capability, go ahead and use your local capability and
safe your hardware. You do not have to go through the
element test conductor if you feel your actions must

be immediate.



C.

General Injuries. Most of these situations are handled
by the OTC/LTD/NTD. You should be familiar with the
reporting procedures.

1. Nature of illness/injury

2. Seriousness

3. Specific location of injured party

4. Whether an ambulance is required.

NOTE
If you get a call regarding a mishap/injury, try to
keep the person on the phone. If you are alone
in the firing room, call 511 or the Duty Officer

at X4910 to relay the necessary information.

Preliminary Evaluation Report (PER). This form is to be
used in all cases of personnel injury or equipment damage.
The back of the form itself has instructions on how to
fill out the form. Once the form is completed and signed
by the supervisor of the individual(s) involved, it is
sent to Safety, and then sent to the Director of

Operations in the LCC by the end of that shift.



E. Site Fire Alarms.

1. Nonhazardous testing. When a fire alarm sounds or you
get a call from the test site that reports a fire
alarm, and an emergency condition has not yet been
reported, all of your supporting personnel at the test
site are to be evacuated immediately and the LTD/NTD
notified.

2. Hazardous testing. An attempt, if possible, should be
made to safe prior to evacuation. If the LCC is
controlling thé operation, the site is to be evacuated
immediately. Status the OTC/LTD/NTD as soon as

possible.

F. Red Crew. The red crew is a group of individuals from
numerous disciplines that are standing by during hazardous
operations (OMIs), primarily for launch sequences, and pad
entry in prelaunch conditions. They act in a very
limited capacity/function and are not involved in
troubleshooting. They are briefed prior to the start of
hazardous operations as to what types of probléms to
expect, what to do, what not to do, and just what their
limitations are. They may have to be in self-contained
atmospheric protective ensemble (SCAPE) to help

disabled/downed personnel out of certain areas, etc.



1.3.3.14 Reference Documents. The following is a list of

reference documents:

A. SP-010 (2)KRV Test Team Operational Discipline

B. SP-014 (2)KV Log Books

C. SP=017 (2)KV Certification System

D. SP=503 (2)KV Closed-Loop Feedback of OMRS
Satisfaction

E. SP=-505 (2)KV Scheduling

F. SP-507 (2)K Constraints and Open-Item Reviews

G. SP-508 (2)KV OISRs

H. SP-509 (2)K Job Card System

I. SP-511 (2)K OMI/OM Deviation Processing

J. SP-514 (2)K OMI Preparation and Release

K. SP-519 (2)K Flight Element Operations OMI
Implementation

L. SP=-526 (2)K Processing Support Plan

M. QA-001 (2)KV Problem Reporting and Corrective Action

N. SF-505 (8)KV Mishap Reporting

0. KSCL-1735-035 LPS Firing Room Utilization Plan

P. RVT-HB-0002 NASA/DDD Callsign/Work Handbook, Rev 14

Q. KVT-OI-0001.A STS System Operations Instructions

R. KVT-PL-0009 STS Operations Plan LC-39 Fallback Area

S. S00000-2 TOPS Handbook

T. NASA Ref Pub Space Transportation System and

1059 Revised Associated Payloads: Glossary,

Acronyms and Abbreviations



l1.3.4 LPS (GENERIC).

1.3.4.1 General. The LPS ig a computer-operated system used for
support test, checkout, launch control, and operational
management of launch site ground operations. The control,
checkout, and monitor subsystem (CCMS) is the same for both
orbiter and GSE systems with minor exceptions. The biggest
difference is that GSE systems utilize a hardware interface
module (HIM) and orbiter systems utilize a orbiter/LPS signal
adapter (OLSA) to send/receive signals. The HIM or OLSA
transfers control/status signals to/from the console and
hardware. All LPS functions unique to a particular system

covered in Section 2.

1.3.4.2 QOperational Components. The following paragraphs

identify the components used to process LPS data. Figure 1-4

shows the functional relationship between the components.

1.3.4.2.1 Consoles. The console functions are performed via

Type I and Type II consoles and their associated software.
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1.3.4.2.1.1 Type I Console. This console provides the user with
the display, control and dataprocessing capabilities to control

test, checkout, and execution of GSE during ground operations.

1.3.4.2.1.2 Type II Consocle. This console is utilized in an
overall supervisory controlling and monitoring capacity. The
Type II console is either a master, integration or spare

console.

1.3.4.2.2 Common Data Buffer (CDBFR). The CDBFR functions as
the communications center for the LPS CCMS. This buffer provides
a storage medium only and does not perform execution of any
instructions. All data from a front end processor (FEP) or
console pésses through the CDBFR. Measurement data obtained from
the HIMs are stored in the CDBFR, and CDBFR provides
interconnection with CPUs for consoles, FEPs, shared peripheral

area (SPA) and processed data recorder (PDR).

1.3.4.2.3 GSE FEP. The GSE FEP has two major functions. The
first is to interrogate the HIMs automatically in a predefined
sequence to acquire measurement data from the GSE hardware and to
process this data. The second major function is to ensure
stimulus to the GSE hardware when requested to do so by a

console. The GSE FEP functions are implemented via a combination

of microcode and software.
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1.3.4.2.4 HIM. The HIM is the interface between the GSE and the
LPS. The HIM is an input/output (I/0) device that provides the
required stimuli and monitoring capabilities enabling the LPS to

communicate with various pieces of GSE.

1.3.4.2.4.1 The HIM assembly provides the CCMS with a versatile,
general purpose interface with GSE. The HIM provides all the
required signal conditioning, measurement, and command generation
functions to permit remote monitoring and control of electrical
and eletromechanical GSE. The HIM is basically a computer I/0
device, operable remotely from the GSE FEP through the video and
data processing assembly (V&DA) data transmission system. The
HIM performs analog and discrete input and output, relay closure,
and self-test functions. Typical HIM applications include remote
operation under control of GSE FEP through a serial GSE data bus
and local operation under control of the HIM control and display
panel.
NOTE
The GSE data bus is sometimes called remote

data bus (RDB).
1.3.4.2.4.2. The HIM is composed of:

A. A transmitter/receiver module, which allows for signal

communication between the HIM and V&DA
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B.

A control card and master control card, which allows for

HIM internal control as well as Manchester to

non-return-to-zero (NRZ) conversion

30 I/0 cards/HIM. These are subsystems GSE dedicated

cards that allow for data conversion (analog to digital

and digital to analog). Other HIM cards and functions

are listed below:

10.

11.

12.

13.

14.

15.

1s6.

17.

18.

Ei
16
16
16
16
2

4

II

4

ght channel relay closure discrete
channel 5 volts logic source discrete measurement
channel 28 volts logic source discrete measurement
channel 5 logic sink discrete measurement
channel 28 volts logic sink discrete measurement
byte command, internal acknowledge

channel 0 to +50 mA current control command, Type

channel 0 to 5 vdc analog command, Type I

channel -5 to +5 vdc analog command, Type I
channel 0 to 10 vdc analog command, Tpye I

channel -10 to +10 vdc analog command, Type I
channel 0 to 5 vdc analog measurement

byte command, external acknowlege

channel 0 to 50 mV dc analog measurement (isolated)
channel 0 to 50 mA dc current measurement

channel 20 to 40 vdc analog measurement

channel 0 to 5 vdc analog measurement (isolated)

channel 0 to 20 mA dc current measurement.



1.3.4.2.5 PDR. The PDR subsystem is responsible for recording
the operational system data on tape and maintaining recent data
on direct access storage (disk). All data recorded is retained

on magnetic tape.

1.3.4.2.6 SPA. The SPA provides the retrieval function for
other CCMS subsystems. " The SPA can requast printing or plotting
to the printer plotter, recall PDR data from tape, and provide
support to load, verify, or dump Shuttle memories. The SPA is

also backup to the PDR.

1.3.4.2.7 Printer Plotter (P/P). The P/P provides the user the
capability of plotting timed events relating to specific
measurements. Data is retrieved from the CDBFRs and plotted

against a timed function, along with identifying information.

1.3.4.3 CCMS Operations. The following paragraphs provide
information pertaining to the system software which accomplishes
system load, initialization, and operation as well as provides

system messages to the user via the console.

1.3.4.3.1 CCMs Load and Initialization (CLAT). The CLAI
software provides the means for calling up the operational

software. The CLAI software receives its control information and
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directives from operator inputs through the program function keys
(PFKs) and cursor. CLAI also provides return status information

to the success/failure of the execution of the selected options.

1.3.4.3.2 System Messages. Upon execution of a command word by
the keyboard operation, the central processor (CP) issues a
response message to the operator. The command word response

messages are divided into four categories as follows:

NOTE
MM/SS = Minutes and seconds (GMTP).
XXXX = Four character command as keyed

in by the user.

A. FEP Error. This message signifies to the operator that
the error condition was detected by the FEP. Examples
are as follows:

1. MM/SS CPR0O227 XXXX FAILED - FEP/INVALID CONSOLE
2. MM/SS CPR0228 XXXX FAILED - FEP/INVALID SSRN.

B. CP Error. This message signifies to the operator that
the error condition was detected by the CP. Examples are
as follows:

l. MM/SS CPR0O300 XXXX FAILED - FDN NOT IN DATA- BANK
(DDMT RTRN = XXXX)
2. MM/SS CPR0O301 XXXX FAILED - INVALID FUNCTION

DESIGNATOR TYPE (XXXX).



Success. This message signifies to the operator a
successful command operation and the command information
follows. Examples are as follows:
1. MM/SS CPR0O401 XXXX SUCCESSFUL - FEP XXXX
2. MM/SS CPR0O403 XXXX SUCCESSFUL - XXXXXXXXX OS

. XXXXX NS XXXX.
Information. This message signifies to the operator
additional information to execute the command. An
example is as follows:

MM/SS CPR0450 XXXX INFO GOAL MONITORING FDN

WILL BE TWO STEP

1.3.4.4 Cconsole Utiljization. The purpose of this section is to

provide a description of the following concepts relative to the

utilization of the console:

A.

B.

c.

D.

E.

Keyboard description
Display paging
Keyboard commands
Ground rules

Placard.

1.3.4.4.1 Keyboard Block Diagram and Description. (See figure

1-5.)

(areas)

The keyboard layout has been divided into five sections

a@s an aid in referencing keyboard buttons during this

Aescripntion.
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1.3.4.4.1.1 Areas 1, 2, and 3. Areas 1, 2, and 3 are described

as follows:

A.

B.

C.

Area 1 of this keyboard is an alphanumeric keyboard.

Area 2 is an extension of the alphanumeric keyboard.

Area 2 has special graphic characters.

Area 3 is a set of edit function keys. None of the keys
in area 1, 2, or 3 cause information to be sent to the
console computers. These keys are used to format display
skeletons on the screen, position the cursor, and to put

text on the screen for later entry.

NOTE
The explanation of the keyboard in areas 4 and s

considers the interface with ccms.

1.3.4.4.1.2 Area 4. Area 4 is descibed as follows:

A.

B.

HARD COPY causes the cathode ray tube (CRT) image to be
output to the local P/P.

CDS ENABLE causes the CRT to switch to central data
subsystem (CDS) mode. CDS is no longer considered as

part of the console subsystem until it is switched back

to CcMs.



66

F.

CPU ENABLE returns the CRT to CCMS. When this happens,
the operator once again views the page that was being
viewed when CDS mode was entered.

CcDS XMIT. This key is inoperable while in CCMS mode.
PAGE CLEAR BREAK. This is a double labeled key. PAGE
CLEAR is the CCMS label. This key clears the stored
display page being viewed at the CRT as well as clearing
the CRT. This key does not clear the third line of the
CRT if there is an armed text command there. TIf there is
a prompt outstanding on the page being cleared, the
prompt is redisplayed. This key should be used with
care. Clearing a page may cause problems in the program
using that page, especially if the program is waiting on
cursor inputs from a skeleton.

SIGN ON. This key is inoperable while in CCMS mode.
START WATCH STOP. This double labeled key starts and
stops the stopwatch which is displayed in the status
lines. This key stops the stopwatch if it is running
and starts the stopwatch if it is not running.

WATCH RESET DISCON. This is a double labeled key. WATCH
RESET is the CCMS label. This key resets the stopwatch
to zero.

PAGE FREEZ NULL. This is a double labeled key. PAGE
FRZ is the CCMS label. This key freezes or releases
freeze on the CRT depending on whether it is already

frozen or not. When a CRT is frozen, FRZN is written in



the status lines and no more output or input is accepted
for that CRT until the freeze is released. Freeze is
implemented to enable the operator to get a hardcopy

without the screen being updated.

1.3.4.4.1.3 Area 5. Area 5 is descibed as follows:

A.

B.

C.

XMIT CMD. The transmit command key is used to enter
test commands. When the XMIT CMD key is pressed, the
test entered is text on the line with the cursor.

The test command includes all text from the left margin
up to but not including the cursor.

XMIT-CURSOR. The transmit cursor key is a means of
communication between the operator and the program |
sﬁpporting a display page. To use this key, the operator
positions the cursor over target positions provided by
the program (must be on lines 4 through 33 of CRT) and
presses XMIT CRSR. The supporting program is notified of
the action. The detailed use of cursor input is
determined by each routine using it.

XMIT RESP. This key is used to provide text information
in response to a prompt from software. When a prompt is
output to a page (i.e., "ENTER YES OR NO"), the operator

enters text starting at the left margin of any line,
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while the prompting page is being viewed, and presses
XMIT RESP. The text up to but not including the curscr,
is put into a buffer previously defined by the prompting
software.

ABRT PGM. This key aborts a program. To execute, the
program name is entered starting at the left margin, of
any line, on any page, ahd the ABRT PGM‘key is pressed.
For GOAL procedures, this key and TERM PGM have the same
meaning: terminate the program. Non-GOAL programs have
the option to supply forced test end routines. ABRT PGM
ignores the forced test end routines and terminates.
EXEC CMD. The execute command key is used to execute
armed, two-step test commands. This is accomplished by
positioning the cursor to the thifd line of the CRT (the
command line) and pressing the key. This key may also be
used as an operation interface to the software,
support%ng a page if the software is set up to process an
execute command input from specific coordinates on a
page.

DISARM CMD. The disarm command key is used to disarm
previously entered two-step text commands by positioning
the cursor to the third line of the CRT where the armed
command is displayed and pressing the key. This key may
also be used as an operator interface to the software
supporting a page if the software is set up to process a

disarm command input from specific coordinates on a page.



PERF PGM. This key is used to perform a program. The
program name to be performed, followed by any input
parameters required by the program, are entered starting
at the left margin of any line, on any page. Then the
key is pressed. A message is output to the fourth line
of the CRT, telling the operator in which slot the
program is running.

STOP/STEP. This key is used to stop the execution of a
ground operational aerospace language (GOAL) procedure
and to step through the execution of the procedure one
step at a time. To use this function key, the operator
must be viewing a page (A or B) which is assigned to the
concurrency he wishes to stop or single step. If this
key is used while on a page not assigned to GOAL, the
operator receives an error response.

HOME GMD. This key returns the cursor to the beginning
of the third line. This key is an aid to the operator in
positioning cursor for input.

ENTER DEUE. This key simplifies entry of DEUE commands.
When the key is pressed, the present DEUE parameters

DEU #, link, and major function switch positions are
output to the fourth line of the CRT, the first part of
the DEUE command (DEUE) is output to the start of the
third line, and the cursor is positioned after the DEUE

command for the operator to enter the rest of the DEUE

command.



70

TERM PGM. This key terminates a program. The program
name is entered, starting at the left margin of any line
while viewing any page; then the TERM PGM key is pressed.
A message is output to the fourth line, informing the
operator. the program is in terminal sequence. Nonline
GOAL programs have their forced test end routine
executed, if one is supplied, before termination.

RES PGM. This key is used to resume the execution of a
GOAL procedure which has been stopped. To use this
function key, the operator must be viewing a page (A or
B) which is assigned to the concurrency he wishes to
resume. If the procedure was stopped due to a run time
error, two strokes of the resume function key are
required to continue the execution. The first stroke of
the key clears the error and the second stroke causes the
procedure to continue execution.

SYS MSG. This is the page select key for the system
message page.

SHAR APP, This is the page select key for the shared
application page.

APP 1 through APP 6. Each of these keys is a page
select key for the two pages associated with application
programs 1 through 6. Each application has an A and a B

page. While viewing a program on A or B page, the



operator presses the associated APP key t¢ page select
the other page in the pair. (While viewing page 1A
press APP 1 to view 1 B, then press APP 1 to go back

to 1A.) When the operator presses an APP key while not
viewing one of the applications pages, the page selected
is the last page viewed by the cperator for that
application. (While viewing page 6B, the operator
presses any page key other than APP 6. The next time APP
6 is pressed, 6B is selected.)

EMON. This is the page select key for the three
exception monitor pages: E1, E2, E3. When the system is
initialized, pressing this key the first time at a CRT
page selects El1 if at CRT 1, E2 for CRT 2, and E3 for CRT
3. After that, each EMON key hit, while viewing an EMON
page, selects the next EMON page in sequence (ie, E1-E2-
E3-El...). While not viewing an EMON page and pressing
EMON, the EMON page last viewed at this CRT is selected.
DMON. This is the page select key for the three DMON
pages: D1, D2, and D3. This key follows the same rules
as the EMON key.

OC. This is the page select key for the three operator
communications program pages: 01, 02, and 03. This key
follows the same rules as the EMON key.

PFK 1 through PFK 15. These keys are the programmable

function keys 1 through 15. These keys are a means for a



program supporting a page to receive input from the
operator. Individual programs define the results of
pressing particular PFKs. PFK hits are routed to
software based on the page being viewed when the key is

pressed.

1.3.4.4.2 Programmable Function Panels (PFPs). (See figure 1-6.)
There is one PFP at each of the three operator positions at a
CCMS console. Each PFP has three lines of light emitting diodes
(LEDs) with a back lighted input key at each end of each line.
There is a seventh input key without back lighting in the center
of the panel. In CCMS, each line of the PFP is divided into two
17-character half-lines with one unused blank character

separating them.

1.3.4.4.2.1 Applications software does not write directly to a
PFP. Instead, all their PFP references are to a virtual PFP. A
virtual PFP is a stored representation of a physical PFP,
including text data and the state of the lights for the back-
lighted keys. It is up to the operator to determine which
virtual PFP is to be displayed at a physical PFP. To do this,
the operator requests the PFP menu by pressing the DISARM AND
MENU SELECT key in the centervof the PFP. A menu is then

displayed to the PFP. Each half-line of the menu has a program
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1. On performance of a concurrent program the computer assigns a
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entries to the Light Emitting Diodes (LEDs).

EXPLANATION OF ILLUSTRATIONS ABOVE
2. When PFP key 7 is activated@ , a menu of application programs
is displayed@ . If the program has terminated, the word
INACT appears after the program name.

3. The user may select the PFP presentation page he desires by
depressing the the appropriate PFP key. When the key is depressed@
the presentation page for program AXXXXX is selected from memory@ .

4. Tne owtions for AXXXXX are retrieved and are displayed, @ .
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The user may now select the individual action to be performed by
activating the associated PFP key.

Figure 1-6 . PFP Operational Flow



name, the virtual PFP key associated with that program, and its
active or inactive status. The operator presses the button at

the end of a half-line to request a virtual PFP.

1.3.4.4.2.2 Information about which virtual PFP is being viewed
at a PFP and which unviewed virtual PFPs have data the operator
has not seen is given on the status lines on the CRT of the

operator.

1.3.4.4.2.2.1 While a virtual PFP is selected as a current PFP
presentation, all operator key hits actuated appear as if they
came from the virtual PFP. It should be noted that when the PFP
key 7 (steps 1 and 2, figure 1-6) is pressed, a system interrupt
is generated and the menu is automatically displayed. This menu

display overwrites any display existing on the PFP lines.

NOTE
If the program of the user contains armed two-step
commands specifying the PFP keys, the user may
elect to utilize PFK 7 to specify a programmed
disarm command for these interrupts. Therefore,
when PFK 7 is pressed, the armed command is
disarmed automatically and the menus redisplayed.
This prevents the user from retaining any armed

commands on an unviewed virtual PFP.



1.3.4.4.2.2.2 One virtual PFP is allocated to each of the six
application procedure slots. These slots may be assigned to a
GOAL procedure or to a non-éOAL application. GOAL procedures
have the option of overriding this assignment and of using any of

the six virtual PFPs for output or input.

1.3.4.5 Display Information. The following paragraphs provide a

general description of the displays>associated with LPS console

in the firing room:

1.3.4.5.1 CRT. (See figure 1-7.) The following characteristics
are associated with the display generator (DG) CRT display:
'‘A. Each CRT display is composed of 34 lines (lines 0 through
33) and each line has 72 character positions (characters
0 ‘th'rough' 71). ' ’
B. The display characters that may be presented on thése

lines may be in one of the following colors:

l. Red
2. Green
3. Yellow

4. Dark blue

5. Magenta

6. Cyan (light blue)
7. White

8. Black (not visible).
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Data displayed on the CRT screen may be caused to blink
or to be inverted.
All data outputs by the system software meet the
following conventions:

1. Normal message color is light blue (cyan).

NOTE
System software definitions are:

A caution requires operator attention to a possible

problem or abnormal condition exists. Operator

execution of a function displayed in yellow changes

hardware or software configuration.

2. Caution data color is yellow.

NOTE
A warning requires operator attention to and or action
if a possible problem or abnormal condition exists.
Operator execution of a function displayed in red
changes hardware or software configuration.
Consequences of a warning condition are probably more

serious than caution conditions.

3. Warning data color is red.
4. Caution or warning data which has been restored to
normal and go condition data color is green.

5. Colors may be used to highlight displayed data or

make it more readable.



6. Blink is used to call operator attention (as a
guide the use of blink should be restricted).

7. Invert is used to remind operator of existing
condition or highlight data.

8. Black is not normally used.

1.3.4.5.1.1 CRT Display Status Lines. ( See figure 1-7.) The
two top lines of each display are status lines. The third line
is used to display two-step text commands. Additionally, the
third line is used to display the first line of two-line
responses. The fourth line of each CRT is used to display error
or informational messages that are direct responses to operator
action. Functional descriptions of status line elements are as
folloﬁs:
NOTE
The numbers in parentheses ( ) correspond to

the index numbers on figure 1-7.

A. Page Status Indicators (1). These indicators are
displayed inverted when that page is being viewed by the
user. They are displayed yellow when a page is not being
viewed and new data has been output to the page. The
indicators are displayed blinking when a prompt is
outstanding or when a program has requested the page

indicator to blink, indicating operator action required.



Task/Level (2,3). This area of the status lines depicts
the eight- character program name associated with the
display page. Item 3 displays the current level name if
the task name is a GOAL procedure. Otherwise, the area
is blank.

Names (4). They are displayed in yellow if it is a
critical GOAL procedure. Names are displayed inverted
if the task associated with the page has terminated.
Greenwich mean time (GMT), countdown time (CDT) (5,7).
When the console subsystem is running on internal time,
the clocks are displayed in yellow. Format for GMT is
HHMM/SS. Format for CDT is +/-DD:HHMM/SS. When time is
synchronized to CDBFR time, the synchronized time is
displayed in cyan.

Stopwatch (6). Stopwatch time is displayed to the
nearest second while running and to the nearest 1/10
second when stopped. Maximum stopwatch time equals 24

hours.

Microcode Message (8). This is a message area for the DG
microcode.

DG Option Plane (9). This is a message area for the DG
option plane. The RETRY message is displayed in yellow
when the operator hits a key before the previous key hit

has been processed. RETRY stays on until another good

key hit is made.



FRZN (10). This message is displayed inverted and yellow
when the operator freezes the CRT.

CRT (11). CRT indicates position 1, 2, or 3 and also
shows the approximate percentage of system utilization by
means of the color of this inverted indicator.

PFP Status Indicator (12) These indicators are displayed
inverted when that virtual PFP is being viewed at a PFP.
They are displayed yellow when unviewed virtual PFPs have

data the operator has not seen.

1.3.4.5.1.1.1 Status Line Functional Requirements. The status

line is outputted once a second while a CRT is not frozen and not

in CDS mode. The status line includes:
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A.

BQ

CO

D.

E.

GMT (displayed with l-second precision)

CDT (displayed with l-second precision)

Stopwatch:

1. Outputs to l-second precision on l-second updates.

2. Outputs to 1/10-second precision when it is stopped.

3. Wraps back to 0 after 24 hours.

4. May be reset to 0 while running or reset to blanks
while stopped.

5. When restarted after a stop, the stopwatch continues
counting from its present value.

CRT number

CRT frozen indicator



GO

Page status indicators

1.

6.

There is an indicator on eéch CRT status line for
each stored page.

The default state of this indicator is cyan, no
blink, and noninverted.

The indicator is inverted when the page is being
viewed. '

While the page is not being viewed and there is a
prompt outstanding or software has requested that
the indicator of the page be blinked, the indicator

blinks.

While the page is not being viewed and new data is

‘written to the page or attributes are changed on

the page, the indicator is displayed in yellow.

New data is maintained separately for each CRT.

TASK name associated with the viewed page

For
1.

2'

PFP

i 1 °

GOAL pages:

Present level name to be associated with the page
Indicator that the task assigned that page is
critical

For critical GOAL procedures, the program name
associated with a page is displayed in yellow.
presentation status indicators: -
There is an indicator on each CRT status line for

each PFP presentation.



2. The default state of this indicator is cyan, no
blink, and noninverted.
3. The indicator is inverted for the PFP presentation
being viewed on the PFP associated with a CRT.
4. When a PFP presentation is not being viewed and text
is written to it, its indicator is yellow.
- 5. The new data indicator is maintained’separately for

each CRT PFP.

1.3.4.5.1.1.1.1 When the task associated with a page is not
active, the program name displayed in the status line is

displayed inverted.

1.3.4;5.2 Display Paging Description. (See figure 1-7.) The
bottom 30‘1ines of display on a CRT are used to view display
pages. Display pages exist within bulk memory and are stored
representations used by the software to format the display data.
The user has the capability to select the specific display page
to be viewed. Figure 1-7 illustrates the display page status
line (line 2). The existing pages available to the user and
their status line designators are as follows:

A. System message (SM) page

B. Exception monitoring (EMON) page (E123)

C. Display monitoring (DMON) page (D123)

D. Shared épplication (SA) page



E Application pages (1AB through 6AB)

F. Operator communication pages (01 through 03)

NQOTE
When selecting the desired/page, the operator
should view the display status lines. If the
desired page status indicator does not come on,
continue to press the appropriate key until the
desired page is indicated by the inverted

status light.

1.3.4.5.2.1 SM Page. This page accumulates messages relating to
system execution and status. These messages are available to all
CCMS systems and may be viewed at any CRT position. Initiate
display of the SM page by pressing SYS MSG key on the console
keyboard.
NOTE

Many SMs indicated sigrnificant CCMS problems

that may compromise the ability of the system

function. A yellow SM page indicator should be

responded to.



1.3.4.5.2.2 EMON Page (E123). There are three EMON pages
assigned to each console and they continuously accumulate
measurement exceptions for display. These pages are updated by
the system software regardless of whether they have been selected

for viewing.

1.3.4.5.2.2.1 When a measurement exception occurs, the exception
status indicators E123 blink yellow indicating operator

attention is required. The operator may select this page for
viewing by pressing the EMON keyboard select key. When the
desired EMON page is displayed, the El1, E2, or E3 character on
the display screen appears inverted. (For a detailed description
of the EMON page see the EMON paragraph under Real-Time

Measurement Monitor (RTMM in this section.)

1.3.4.5.2.3 DMON Page. Three of these DMON pages are provided
each console. These pages provide continuous monitoring of
selected measurément. The user must select the page to view by
utilizing the DMON keyboard select key. (For a detailed
description of the EMON page, see the EMON paragraph under Real-

Time Measurement Monitor (RTMM) in this section.)

1.3.4.5.2.4 SA Page. The SA page is available for viewing at
either CRT. No user (operator) actions can be input to this page
since it provides a single intergrated display of multiple

procedure operations. This page is available to any application
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procedure. This page may be selected for viewing by pressing

the SHAR APP display keyboard button.

1.3.4.5.2.5 Application Pages (1AB through 6AB). There are 12
of these pages available for use'by the application of the user
program. Two of these pages are assigned to an executing GOAL
procedure with the execution BEGIN PROGRAM GOAL statement of the
procedure. These pages display in a typewriter mode or to any
line or character position on the display (from line 4 through
line 33). The usage of these pages allows only one active prompt
per page. The user may view any application page by pressing the

appropriate application display keyboard button.

1.3.4.5.2.6 Operator Communication Pages (01 through 3). There
are thfee of these pages assigned to a console. These pages are
utilized by the operator and are used to retrieve, format, and
display data at request of the operator. VThese pages are‘

selected by pressing the OC display keyboard button.

1.3.4.6 Real-Time Measurement Monitor (RTMM). The RTMM
capability of CCMS allows the operator to simultaneously monitor
many different measurements. The measureménts may be monitored
by DMON and/or EMON. DMON allows the operator and/or application.
software to request 3 pages of 30 measurements each. EMON allows

the display of 3 pages of 15 measurements each that are outside

of prescribed limits.
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1.3.4.6.1 DMON. Measurements to be monitored may be selected by
specifying a function designator name for operator inputs of a
system software reference number (SSRN) for applications
software. Values are read from the CDBFR, and DMON pages are
updated every 9 seconds. Once activated, measurements are
monitored continuously until operator or applications software
action is taken to deactivate the measurement, or the DMON page
is deselected. Application software can only deactivate
measurement monitoring that was initiated by application

software. When the DMON page is reselected, processing resumes.

1.3.4.6.1.1 Functional Description. DMON supports monitoring of
analog, discrete, pseudo discrete, and digital pattern
measurements. Each measurement is displayed in CYAN, on one
display line, containing the l0-character function designator
identification, the 34-character nomenclature, the present value
(variable length with the maximum of 20 characters), and the 8-
character engineering units. New measurements are written to the
next available line. For operator input activations, the page
specified will be the DMON page from which the input was
received, or if a DMON page is not viewed, it will be the CRT

form which the entry was made.



1.3.4.6.1.1.1 When a transit cursor is entered from the line
containing the measurement to be terminated, monitoring of a
particular measurement is terminated. When the DMON page is
cleared, all measurement monitoring for a DMON page is
terminated. When monitoring of an individual measurement is
terminated, the measurement data is deleted from the display

page, and the vacated slot is filled by moving lower lines up.

1.3.4.6.1.1.2 Automatic suspension occurs when the DMON page is

deselected; an automatic resumption occurs when the DMON page is

reselected.

1.3.4.6.2 EMON. The EMON capability controls the visual display
of preselected measurements that are not within established
tolerances. Exception detection is performed by the FEP
subsystem which notifies the console for display. Data bank

information from the online data bank (OLDB) is used to generate

the visual display.

1.3.4.6.2.1 Functional Description. EMON receives and saves
exception data from the FEP via the computer-to-computer
communications component of the operating system. EMON supports
a maximum of 15 exceptions per EMON page (2 lines used for each
exception). The display shows exception information for analog,
discrete, and digital pattern data types. Digital pattern data

is displayed in either hexadecimal,decimal, octal, or binary as
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specified in the OLDB. If neither decimal, octal, nor binary is
specified, the data is formatted in hexidecimal. All exceptions
are displayed on the EMON page specified in the FEP-generated

exception message.

1.3.4.6.2.1.1 The initial occurrence of an exception for any
supported data type displayed on the next two available lines of
the appropriate EMON page. It is considered an active exception

until the operator clears the exception.

1.3.4.6.2.1.2 For active exceptions, the second and subsequent
occurrences are treated as updates to the initial occurrence.
The EMON count and/or the exception criteria of the initial
display are/is modified to reflect the number of times the
measurement transitions to the exception state and also to
reflect the current exception criteria. 1In addition (for
discrete and digital patterns), the latest report state or value

and the time it occurred are displayed or updated.

1.3.4.6.2.1.3 For active analog exceptions, the CDBFR is read
periodically, and the three latest samples are maintained on the
second line of the exception message whenever the applicable EMON
page is being viewed. Individual analog exceptions are updated
once every 9 seconds. All analog values to be displayed are

checked against the upper and lower transducer values from the



OLDB. If the value to be displayed is not within the specified
transducer range, the characters UL or LL are displayed in place

of the two least significant digits of the measurement value.

1.3.4.6.2.1.4 If a new exception occurs and the applicable EMON
page is full, the overflow condition is logged on the system
message page, and the operator is notified. In this case, the
measurement does not become an active exception. Whenever a new
exception is written to an EMON page, the control and display
(C&D) blink count is incremented. This causes the status line
indicator for that EMON page to blink whenever it contains

unacknowledged exceptions and it is not being viewed.

1.3.4.6.2.1.5 If any active exception transitions to the defined
exception condition more than 10 times in a l-second period,
EMON in the FEP is deactivated, and the operator is informed of

this action by the blinking of the exception monitoring count

(EMC) .

1.3.4.6.2.1.6 The console operator is provided with the
capability to acknowledge, clear, or deactivate individual
exceptions, and to clear all exceptions for an individual EMON

page.



1.3.4.6.2.1.7 Information for each measurement on an EMON

display is as follows:

A.

First line, left to right (all data displayed in cyan

except as noted):

1.

5.

6.

7.

A = Acknowledge cursor position, initially displayed
inverted; changes to normal when acknowledged.

C = Clear cursor position

D = Deactivate cursor position, yellow

34-character measurement name

Value at time of initial exception condition, red

if out of tolerance

For analog measurements only, engineering units

Time.

Second line, left to right (all data displayed in

white except as noted):

1.

Function designator, if control logic was also
notified of this exception, this field is displayed
in green.
Exception criteria:
a. For analogs:
(1) L = lower limit identifier, low limit wvalue
(2) H = high limit identifier, high limit value.
b. For discrete

(1) Normal state identifier (NORMAL

]
S

(2) Normal state.



3.

c. For digital patterns:

(1) Test condition (change from, equal to, and
not equal to). The binary, octal, and
hexidecimal identifiers "B', "T', “#'.
(2) Comparison value.

Exception monitor counter, this field blinks when

automatically deactivated.

NOTE
EMC field is a count of the number out-of-tolerance
notifications received from the FEP for this
measurement. If more than 10 out-of-tolerance
notifications are received for the same measurement
in a 1-second periocd, EMON in the FEP is
deactivated and the operator is informed by blinking

the EMC.

Binary, octal,and hexidecimal identifiers "B', "1°',

and "#' for digital pattern data.

Latest measurément value(s), red if out of

tolerance.

a. For analogs, this field contains three
periodically obtained samples (9-second sample

period) ; oldest to newest and read left to right.
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b. For discrete and digital patterns, this field
contains the value contained in the latest
exception message received from the FEP.

6. Time of latest exception (discrete and digital

patterns only).

1.3.4.7 CDS. CDS is a multidimensional information system. CDS
provides online, real-time processed (by CCMS) data recording
and recall; maintains engineering technical files; supports
pretest and posttest data analysis; supports goal program
development; maintains a program library; supports program
simulation, debug, and validation; and supports operator

training. The major elements within CDS are:

A. Data processing and storage (data bank) consists of
three main frame Honeywell Model 66/80 computers which
form the kernel of the CDS system. These computers
contain the shared data ménagement system (DMS), I/O
multiplexers, front-end network processors (FNPs), and
engineering terminals (located at KSC as well as other
NASA sites). The CDS computers also share a one megabyte
online high speed memory and 1.2 gigabyte offline disk

storage memory.



B. Real-Time Interface (RTIF). Allows the user to access
the data bank for measurement updates in real time. It
utilizes four microcomputers, each of which is
initialized, supported, and serviced by a 64K MODCOMP
minicomputer. The RTIF interfaces with the CDBFR‘
through the MODCOMP computers and processes the CDS data

through the microcomputers.

C. Video Simulation Interface (VSI). Provides for data
interface between the CCMS FEPs and the Shuttle ground
operations simulator (SGOS) modules executing on thé LPS
computers. The primary function of the VSI is to
provide simulation of the GSE and orbiter systems by
allowing the users to run their programs against a math
model. VSI hardware consists of 64K MODCOMP computers,
pulse code modulation (PCM) equipment, data bus
simulators, PCM uplink decommutators, I/0 multiplexer
front end loaders, channel I/F adapters, and block

transfer processors.

1.3.5 PRACA SYSTEM

1.3.5.1 General. Every task involved in Shuttle processing
requires a document to authorize the work. This document

provides step-by-step technical instructions required to



accomplish a task, whether it be a simple paint touchup, or the
more complicated preparations for launch. Each document is
approved and signed by representatives of several responsible
organizations and then the work is actually performed by
technicians, Quality inspectors, TCs, and System Engineers,
alike. Refer to SPI QA 001(3) for procedures and guidelines

pertaining to PRACA.

1.3.5.1.1 WADs are required not only as instruction manuals,
but also for historical record. Each document provides
configuration accountability for all Shuttle processing
activities. The completed procedure is kept on record at KSC to
provide traceability and ensured by ink stamp verifications by
the responsible individuals at each work step on the official

document.

1.3.5.1.2 The requirements for preparation and processing of
these documents are set forth in the SPIs). There are separate
SPIs dictating different formats for each of these documents,
depending on whether the work is routine, a special action or

modification, or a response to a problem.



1.3.5.1.3 Systems Engineers are responsible for preparation of
the largest percentage of these WADs. Checklists have been
developed to help the Systems Engineer verify that the procedure
he or she has prepared is accurate, complete, and meets all

program requirements.

1.3.5.2 Discrepancy Report (DR). A DR is nonconformance that

can be described and corrected to drawing/specification

requirements, and does not meet problem report (PR) requirements.

1.3.5.3 IPR. An IPR is a document to record an apparent
nonconformance, failure or unsatisfactory hardware/software

condition which usually requires troubleshooting.

1.3.5.4 Line Replaceable Unit (LRU) PR. An LRU PR is generated
against hardware removed from or not yet assigned to a specific
GSE or flight element end item, when the hardware requires a
disposition, or hardware has been removed due to a JSC Building

45 investigation. See SPI BM322 (2) KV.

1.3.5.5 PR. A PR is any nonconformance that is a failure, or
unéatisfactory condition that has been isolated to an end item or
LRU that usually requires/affects one or more of the following:
A. A retest that requires or causes a break in functional
configuration other than retests called out within

preplanned preapproved procedures
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Engineering involvement by launch site personnel
Engineering :esolution and corrective action (beyond the
specific article under consideration) by the sustaining
or design engineering organization [recurrence control
(RC) action].

System level problems

Material review or deviation/waiver action not including
standard repair

Configuration change

Use of equipment/material out of calibration/hydrostat/
validation, proof test, or shelf life.

Suspect condition which may conform to drawing or
specification, but represents a potential problem

Unauthorized connector mate/demate cable integrity group

(CIG) log.



2.0 SPACE SHUTTLE MAIN ENGINES (SSMEs).

2.1 OVERVIEW.
2.1.1 SSME OVERVIEW.

2,1.1.1 General. The SSME is a staged combustion cycle erngine
which operates at extremely high pressures to reduce engine
envelope while attaining efficiencies previously unknown in
rocket engine technology. Burning liquid hydrogen and liquid
oxygen, the three engines in the shuttle orbiter provide the
majority of the total impulse (thrust time duration) required to
attain orbital velocity. Lift-off thrust is provided by solid
rocket boosters, which are dropped after two'minutes operation
and later recovered from the sea. The SSMEs are shut down prior
to reaching orbital velocity and the external tank, which
provides the hydrogen and oxygen propellants, is dropped into the

ocean.
2.2 DESCRIPTION.

2.2.1 SSME DESCRIPTION. (See figure 2-1.)

2.2.1.1 General. Thé main engines are reusable, high-

performance liquid-propellant rocket engines with variable

thrust. The propellant fuel is liquid hydrogen (LHy) and the
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Figure 2-1. Space Shuttle Main Engines



oxidizer is liquid oxygen (LO5). The propellants are carried in
separate tanks in the external tank and supplied to the main
engines under pressure. Each engine can be gimbaled plus or
minus 10.5 degrees in pitch and plus or minus 8.5 degrees in yaw
for thrust vector control by hydraulically powered gimbal

actuators.

2.2.1.1.1 The main engines can be throttled over a range of 65
to 109 percent of their rated power level (RPL) in one percent
increments. A value of 100 peréent corresponds to a thrust
level of 375,000 lbs. at sea level and 470,000 lbs. in a vacuum.
104 percent corresponds to 393,800 lbs. at sea level, 488,800
lbs. in a vacuum. 109 percent corresponds to 417,300 lbs. at

sea level or 513,250 1lbs. in a vacuum.

2.2.1.1.2 At sea level, the engine throttling range is reduced
due to flow separation in the nozzle, which prohibits operation
of the engine at its 65 percent throttle setting, currently
referred to as the minimum power level (MPL). All three main
engines receive the same throttle command at the same time.
Normally these come automatically from fhe general purpose
computers (GPCs) through the engine controllers. During certain
contingency situations, manual control of engine throttling is
possible by use of the speed brake/engine throttle controller
handle. The throttling ability reduces vehicle loads during

maximum aerodynamic pressure, limits vehicle acceleration to
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three gs maximum during boost, and makes it possible to abort

with all main engines thrusting or one engine out.

2.2.1.1.3 Each engine is designed for 7.5 hours of operation
over a life span of 55 starts. Throughout the throttling range,
the LO,-LH, mixture is 6:1. Each nozzle area ratio is 77.5:1.
The engines are 167 inches long and 94 inches in diameter at the
nozzle exit, and weigh 6953 lbs. dry. The diameter of the

powerhead is 105 by 94.5 inches.

2.2.1.2 Thrust Vector Control (TVC). (See figure 2-2.) TVC
provides attitude control and trajectory shaping by SSME and SRB

gimballing.

2.2.1.2.1 The major subsystems comprising TVC are the hydraulic
servoactuator, the Ascent Thrust Vector Control (ATVC); and the
MPS Thrust Vector Control Command Subsystem Operating Prograﬁ
(MPS TVC CMD SOP). The hydraulic servoactuators are the hardware
subsysﬁems which gimbal the main engines. There are two
actuators per SSME, one for yaw motion and one for pitch motion.
Each actuator is fastened to the orbiter thrust structure and to
the powerhead of one of the three SSMEs. The ATVC is an avionics
hardware package which provides gimbal commands and fault
detection for each hydraulic gimbal actuator. There are four
ATVCs, each of which receives position commands from the MPS TVC

CMD SOP which resides in the GPCs. The MPS TVC CMD SOP is
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essential in processing the position commands before issuing

these commands to each ATVC.

2.2.1.3 SSME Controller (SSMEC). (See figures 2-1 and 2-3.)

The information in this handbook concerning SSMECs will be
abbreviated since the controllers will be covered in detail in a

separately dedicated handbook.

2.2.1.3.1 A line replaceable unit (LRU), the SSME controller is
an electronic package mounted on the SSME that operates in
conjunction with engine sensors, valves, actuators, and spark
igniters to provide a self-contained system for engine control,
checkout and monitoring. The controller provides engine flight-
readiness verification, engine start and shutdown sequencing,
closed-loop thrust and propellant mixture ratio control, sensor
excitation for valve, actuator and spark igniter control signals,
engine performance limit monitoring, on-board engine checkout,
and response to vehicle commands and transmission of engine

status, performance and maintenance data to the vehicle.

2.2.1.3.2 The controller provides responsive control of engine
thrust and mixture ratio through the digital computer in the
controller, updating the instructions to the engine control
elements 50 times per second. Precise engine performance is

achieved through closed-loop control, utilizing 16-bit
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computation, '12-bit input/output resolution, and self-calibrating
analog-to-digital conversion. Engine reliability is enhanced by
a dual-redundant control system that allows normal operation
after the first failure and a fail-safe shutdown after a second

failure.

2.2.1.4 Heat Shields (HS). The heat shield system provides a
seal around the SSME nozzles which prevents heat, debris, and
hydrogen from entering the aft fuselage. This seal must be (and

is) dynamic for two reasons:

(1) Engine gimballing creates the need for a dynamic seal, and
(2) during thrust build-up, engines move one to two inches

forward into the fuselage.

2.2.1.4.1 Engine-Mounted Heat Shields (EMHS). (See figure 2-4.)
EMHSs are inconel honey-comb in structure and are approximately
hemispherically shaped. Consisting of two halves which are
bolted together, they are mounted to the SSME nozzles just aft of
the main combustion chamber (MCC) and are insulated on the inside
of the orbiter. The heat shields provide the sealing surface on

which the sliding seal rests.

2.2.1.4.2 Dome-Mounted Heat Shields (DMHS). (See figure 2-5.)
DMHSs are mounted to the base heat shield, located on the orbiter

aft bulkhead. DMHSs provide an appendage to the orbiter

2-8
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structure for mounting the sliding seal assembly. Consisting of
two halves which are bolted together, the DMHSs contain 48 spring
cans, each of which provide spring force to maintain contact
between the sliding seal and the EMHS. The actual location 6f
the DMHSs depends on the position of the SSMEs in relation to the

orbiter.

2.2.1.4.3 The SSME System‘Engineer is responsible for the
installation, removal, and modification of both the engine; and
dome-mounted heat shields, as well as the performance of
corrective action on same where needed, since both shield types
are removed after each flight for SSME powerhead servicing.

The heat shields are held on by lockout tools which drive the
spring cans inwafd to release tension. There are 24 spring cans,
maintainihg approximately 100 lbs. of force each. Care must be
observed at all times in the immediate area as the lockout tools
can dislodge, causing damage to the sliding seal assembly or
personal injury. See Section 3 for a list of heat shield job

cards.



2.2.2 OPERATION.

2.2.2.1 General. (See figure 2-6.) The SSMEs use a staged
combustion cycle in which propellants are partially burned at

low mixture ratio, high pressure, and relatively low temperature
in the preburners and then completely burned at high mixture
ratio, high pressure, and high temperature in the main combustion

chamber.

2.2.2.1.1 The propellant system uses four turbopumps. The two
low-pressure turbopumps operate at relatively'low speed to permit
low pressures in the vehicle tanks. The function of these pumps
is to provide sufficient pressure increase at the inlets of the
high-préssurg turbopumps to_ﬁermit them t& operate at high
sbeeds. The discharge from the low-pressuré turbopumpé is fed to

the inlets of the high-pressure turbopumps.

2.2.2.1.2 Approximately 75 percent of the flow from the HPOTP
goes to the main combustion chamber. Approximately 10 percent

is directed to the preburner pump, which raises the pressure to
that required by the preburners. Small quantities are bled
through the heat exchanger for oxidizer tank pressurizatioh and
pogo suppression pressure. The balance of the oxidizer drives
the hydraulic turbine powering the LPOTP and is then recirculated

to the inlet of the HPOTP.
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2.2.2.1.3 Approximately 20 percent of the HPFTP discharge flow
is used to cool the main combustion chamber, drive the LPFTP
turbine, cool the hot-gas manifold and injector, and provide fuel
tank pressurant. The remaining fuel is first used to cool the

‘nozzle, then supply the preburners.

2.2.2.1.4 The hot-gas.(hydrogen-rich) steam generated by the
fuel and oxidizer preburners first drives the high-pressure pump
turbines, then flows to the main injector where it is mixed with
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