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FOREWORD

This final report on the Space Tug Avionics Definition Study was prepared
by (.General Dynamics, Convair Division for the National Aeronautics and
Space Administration's George C. Marshall Space Flight Center in accord-
ance with Contract NAS8-31010. The stL'ly was conducted under the direc-
tion of NASA Contracting Officer Representative, Mr. James 1. Newcomb,
and deputy COR, Mr. Maurice Singley.

The study results were developed during the period from July 1974 to
March 1975. The final presentation was made at NASA /MSFC on 3 April
1975. Principal Convair contributors to the study were:

Maurice T. Raaberg 	 Study Manager

Carl E. Grunsky	 System Task A Leader
Richard A. Shaw 
William A. Robison) Guidance, Navigation, &Control

Edward J. Beveridge Communications
Chuck R. Botts	 Electric Power
Ron N. Roth	 Power Distribution
Billy R. Lutes	 Interfaces

Michael J. Hurley	 Rendezvous & Docking Task B Leader
Lou G. Tramonti	 Flight Mechanics

Edward J. Beveridge
Bruce A. Gurney

Lou A. Saye
James A. Burkhardt

Frank E. Jarlett

Lee E. Bolt

Norman E. Tipton
Eric Makela

Data Management Task C Leader
DMS

Checkout Task D Leader
Instrumentation

Simulation/Demonstration 'Task E Leader

Cost/ Programmatic 8

Safety & Reliability

Requests for additional information should be addressed to:

Mr. James I. Newcomb
Space Tug Task Team, P F02
Marshall Spice Fight Center, AL 35812
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SECTION 1

SCOPE

This volume of the final report of the Space Tug Avionics Definition
Study defines the: requirements for the Tug Avionics system. The pur-
pose of this volume Is to provide the avionics system designer with a
format that will enable him to- 1) understand all of the top level require-
of the Tug avionics system, 2) determine the requirements for all major
subsystems/components of the avionics system, 3) modify the require-
ments as new/updated data becomes available, and 4) provide trace-
ability so that the impact )f any requirement change on the other levels
of requirements can be quickly determined.

The approach shown in this volume is "top down' i.e. , from mission to
system to subsystem to component as follows: fifteen flight and groLma
operational pha^^s of the Tug /Shuttle system are :nai z^u w ..- —rmine
the general Lviontes support fun,^tions that are needed during each of the
mission p'ases and sub-phases. "ach of thoe. general support functions
is then expanded into specific aviont,:s system requirements, which are
then allo sated to the appropriate avionics subsystems.

This process is then repeated at the next lower revel of detail where
these subsystem requirements are allocated to each of the major com-
ponents that comprise a subsystem.

This report follows a specification-type format and will permit an order-
ly evolution of Tug avionics requirements. As new data becomes avail-
able, this document can be easily updated; the general format can be used
for Phase A and Phase B type studies and is easily expanded to include
the detailed specifications needed for hardware procurement during
Phase C/D. This volume contains only the top level requirements and
their allocation to the major subsystems. Future studies and more de-
tailed definition can be used to extend the requirements to the component
level. Im?lementation requirements, verification/test requirements,
and procurement specifications can be added as they become available.

This report updates the Avionics sections given in Applicable Document
2.
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SECTION 2

APPLICABLE DOCUMENTS

The following documents comprise the sources fo- the avionics requirements of
Section :3.

1. Request for Proposal No. DCN 8-1-4-21-00299, Marshall Space Flight
Center, Exhibit A - Statement of Work.

2. Baseline Space Tug System Requirements s Guidelines, MSFC 68M00039-1,
15 July 1974, Marshall Space Flight Center.

3. Baseline Space Tug Configuration Definition, MSFC 68M00039-2, 15 July
1974, Marshall Space Flight Center.

4. Baseline Space Tug Flight Operations, MSFC 68M00039-3, 15 •July 1974,
Marshall Space Flight Center.

5. Baseline Space Tug Ground Operations: Verification, Analysis, and Proces-
sign, MSFC 68M00039-4, 15 .July, 1974, Marshall Space Flight Center.

6. Space Shuttle System Payload Accommodations: JSC 07700, Vol. XIV, (Rev.
C^, 3 July 1974, Johnson Space Center.

7. Shuttle System Ground Operations Plan, K-SM-09, 18 December 1973,
Kennedy Space Center.

8. Launch Site Accommodations Handbook for Shuttle Payload (Draft Copy),
1 February 1974, Kennody Space Center.

9. Tug Operations and Payload Support Study, Vol. 3, Part t - Mission and
Operations Analysis; SD73-SA-006-3, Contract NAS8-28876, Final Report,
5 March 1973.

10. Space Tug Systems Study (Cryogenic) Final Report, No. CASD-NAS73-033,
January 1974, General Dynamics Convair Aerospace Division.

11. Tug Fleet and Ground Operations Schedules and Controls, Data Exchange
Package, November 1974, Martin Marietta Corporation.
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12. Space Tug Avionics Definition Study, Data Exchange Package, November
1974, General Dynamics Convair Division.

i
13. Space Tug/Shuttle Ink . •face Compatibility Study, Data Exchange Package,

November 1974, General Dynamics Convair Division.
r

14. OOS/Tug Orbital Operations and Mission Support, Data Exchange Package,
November 1974, International Business Machines.

15. OOS/Tug Pryload Requirements Compatibility, Data Exchange Package,
November 1974, McDonnell Douglas Corpora'.ion.

16. Work Breakdown Structure and Dictionary for Space Tug Project, August
1974, Goncral Dynamics Convair Division.
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SECTION 3

AVIONICS SYSTEM REQUIREMENTS

t'l	
3.1 RF( IRF.MENTS ANAL: &S APPROACH

The avionics requirements that have been developed in this study, as well as those
identified in the applicable documents, have been ccnipiled in Section 3.2 of this volume.
The compilation of these requirements was organized to accomplish two objectives: 1)
to assure that all of the functional requirements are included, and 2) to provide trace-
ability through the various levels of requirements that will eventually be compiled. Both
of these objectives are satisfied using a top-down organizational approach as depicted
in Figure 3-1.

The avionics functional requirements have their source In the events, tasks, or ftine-
tions occurring during the mission and during the maintenance, refurbishment, and
checkout operations on the ground. To assure completeness, every operational phase
during the flight and ground operations of the Tug and all of the events and functions
within those phases were used to establish the support required by the avionics system.
Figure 3-1 shows this analysis, which resulted in lQ different categories of support
functions required of the avionics system. (The actval avionics tasks associated with
each phase v re documented in Appendix A. )

The detailed functional requirements are grouped within their appropriate support
function :is shown in Figure 3-1. Fach functional requirement is then allocated to one
or more of the avionics subsystems, and the quantification of each functional require-
ment is listed according to the particular characteristics of that subsystem. This is
the top level of functional requirements — those organized b) , support function — and
is the only level documented in this report.

Lower level requirements can be developed from this approach. The next level estab-
lishes the functional requirements on a subsystem level by compiling those top level
requirements (.'rom all of the support functions) that were allocated to a particular
subsystem. These subsystem requirements can then be allocated to the major elements
or components of the subsystem and quantified with their particular characteristics.
The next lower level of requirements becomes a component level and forms the basis
for component procurement specification requirements.

This orga"zational approach provides the traceability of requirements from the oper-
ational phases and events to any level desired. Changes in requirements can be easily
assessed rs to their impact on other levels of requirements.

3-1
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F

3. 1. 1 OPf RA71ONS CONCEPT. To assure that all of the avionics functional require-
rm nts have been included, it is necessary to identify all of the flight and ground opera-
tional phases. "hid section descrilxs those phases and the tasks or events to be accom-
plished withit, each phase.

Figure 3-2 shows the 15 major phases of the normal flight/ground operations, aborted
missions, mission control (ground), and UDTF/Production. The numbering system Is
a countdown from 5 (post 1widing from a completed mission) to 1 (launch operations).
Six through 10 are UUTE/Production operations and are not included in the top level
requirements of this report. Blocks 11, 12, 13, and 14 are assuci< •►ted with launch and
entry phases of flight while the Tug is inside of the Orbiter. Block 15 shows the free
flight phase of the Tug mission from release by the Orbiter to delivery of a spacecraft,
to re-rextdezvous of the Tug with the Orbiter prior to entry. Compiled to Table 3-1 is
the second level breakdown of events occurring within each top level phase.

The ground operations functional flow becomes the description of: 1) the phases through
which the 'Ng is processed in its turnaround cycle from landing on the mission just
completed to its prelaunch readiness for them next flight, and 2) the tasks to be performed
that will assure success in that processing. Any support that Tug avionics must provide
in the conduct of these tasks becomes the source of part of the functional requirements
for the Tug avionics system.

Zfie same process accounts for the flight phaser, - all of the tasks or events are com-
piled that are necessary for the successful completion of the mission including special
events such as the different conditions for abort. Any support 'Tug avionics must pro-
vide in the execution of these mission tasks becomes the source of all of the remaining
functional requirements for the Tug avionics system.

6 THRU 10

DOW AND

PRODUCTION
IN.Ilndud.dl

7

S 1 f
 — ------.^r —

TUG/SPACECRAFT! I	 SHUTTLE ASSY	 I
P05i UR RFFUROISHIG 1UG SPACE UR^ITERMATER & PRE LAUNCH	 i
LANDING CNECKDUT

CRAFT MATE I HI CK-	 UU1 OPERATIONS
OPERATIONS 6CHFCKOUT

I	
I

L IN^Tu,Fu=l^onl—J

^F-S

LAUNCH 	 IUG FLIGHT	 UH	 ORBITER RETRIEVAL0OPERATIONS 	UPtNATIONS	 1tIG FN1RY.lANDING

OR

I.I

ABORT
OPERATIONS

f d

I	 MISSION
I	 CONTROL

f'ig'ure 3-2. Space Tug Ground and Flight Operations
— Top Level Flow Diagram
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1.4 Functional Interface Test (FIT)
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3.6 Communicition Verification
7.7 Install Flight liaatery
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4.6	 Vent IlemainbW PresKuranl
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4.11 Clean Tug L Prepare to .%Live
4.12	 Move Into I I'I' Checkout Area
4.13	 Isolate failed hardware ('ausing
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\f

le	 G-hmiuled Tug 1're - Maintenance Tests
15 Scheduled 'lug Maintenance ande^ '^ 4t PaY	 It,^
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4,16 Adapter Vtaual Llama gi , Inspectimu
^^ 4.17 Clean L Prepare to Move Adapter

^^	 u 4.18 Move Alapter Into TI'F C/O Area
4.19 Isolate Adapter hardware Causing

Anomalies
4.20 %ch (dulud Adapter Malntcnance 'Posts
4.21	 Mato 'rug with Adal,t. e r arul Verify

Interfaces
4.22 Electrical Pre- Power C hocks
4.23	 Mechanical Alignment Verification
4. l4 Apply Power to Tug
4.25 Load PC %I Data Format
4.'s8 Calibrate Measurement System
4.27	 Mate Tug with Kick state

4.28	 VPrtfv Interfaces
4.29 Load L Verify Computer Software
4.30 Svatem health Evaluation (SHEI
4.31	 Install Ordnarw•,-

1

Table 3-1. 'ILK Operatiotud P%.rltea - Second level Breakdown

6, KWI 1	 OI'EIIAI'ION

A. 1	 Sadlrvt -oul Purge,
5. 1 S dh.g lind 14 e .1ge MLTS)
S. 1 hadd.g auwl Purple (ALM/A71)7
5.2 Ilenw,ve rug 14ing-ecraR

11,
7, DD'1'LE/PROMC'I[ON
V.	 (Not Included In this w;-)rt)
9.

10.

11. AM'ENT I I.IOI:I

11.1 Tua/fC Caution L Warning
Marlltor L C,ntrol

11,1 l%ag ,%c urmepdo%ment , p,er:diw, .owl
Checkout

' I. I  Rotate Tug/§C out o,l Pavload Ha%
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12.4 D.K• k I(%W to'Tug
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12.10 Configure Tug/W for Entry Flight
12.11 VPr1° Tug/tltahu for Entry Hight
12.12 'rug (So' 'IoN' Monitor and Control

13. AIICNI'T

13. l Prol.ellant Dump Sating (It LTS)
l3. ' Proha e llant Dunlp/Saling (AOA/A'r(4
13. Verily Tng Side for ketrlevad

14. MIMION CON'THOL

15. TUG FL1GH7 OPEI(ATIONS

15.1 Phasing ( o rbit injection L Coast
15.2 'Transfer Orbit sjoctlon L Coast
15.3 Payload Opt-rational Orbit Injection
M.4 Deploy I'a%load
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15.9 Inject iMo Return Transfer Orbit dCow
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15.12 Orbiter lendezvous w1th'rug
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Therefore, the secondary level (and lower as they are developed) task definition within
nine operational phases represents the complete source of al l avionics; (and other Tug
systems) requirements.

:t. 1.2 AyION1cs SUPPORT OF OPER ATIONS. The specific support that the Tug
avionics system must provide 0 the conduct of the ground phases and in the execution
of the flight phases was wi lyzed and are documented in the tables of Appendix A.

Table 3-2 is an example of this analysis showing the avionics support tasks during pre-
launch operations. The mission phase is block numlxsr 1 In the top level functional
flow diagram of Figure 3-2, and the second level events are the major tasks performed
in this phase. The avionics tasks in support of the pha.., tasks are in sunimar .N . form

Table 3-2. Avionics Tasks During Launch Operations

MISSI(PS PIIASi 	 AVIONICS TAMkS

1, 1 i aw w', Itesdiness Verlfie tio"	 Provide Inalrumenuteon wad data management capablittle, to collect and
t; t enettrdown Preparallosts	 dimplaN all neminf data for all avitnic, strucii. , :;l, mechanical, proindsiotn,

.and thermal suhnvslems. Collect and dlsplat dsua to lxavload mission
slncialirt stations and to appropriate grourst monitor arnl control mailers.
Protide required sonwar • u) tnu-tiace wish LPS.

I. S read all 1 1 rnliellowt k l or • ssur-
antx irk) 11ig

Fronde Instrum entation, date manauomvitt vul interface panels to monitor
and control olwiationn including all satett functions. Protide interface with
LIN for preluunch n countdown data displat ;it 	 ground control
etatlons. Provide LPS interface software as reluir+d.

t'rot.de instrume •nutttn IL data m:utagement rtipawiit y to place 'rug nvotems
In safe condition. verif y accomplishment, and displav data on Orbiter
mission pavload slk•cialint panel and apprgrta to ground control panels.
lncludvm providing it Interface lines toad parols u, lransnft data irom Tug
u, orbiter :md grout lo c ations. Proviolo ripdrooti softw:nn • Input uo LIN-
Monitor s:feh critical Anotions.

FI^I^^A

Protide Instrumentation ,in,l'date maltugeme •ni capability to successfully slant
mission wtihout violating salon requirements. Provide Instrumentation and
data num;wement calwhilit y to monitor and con ' d Tug prulx-llant loading
termination ogeerations and displav required data a: mvload missiosi specialist
station and ground control t union':. hnchOvs Interlace p:uwls at t Whiter
mold line :ud oft bulkhead arsl all Int e rconnecting lines.

Provide instrum entation, daut maltagetnenl, interface p:meln (Orbiter aft
but ead rued inold line) :an(] lines u, me I tor Tug status during this and other
Orbiter pro-launch and standby acti0ty Provide inte rface with LPS for
data display at appropriate • ground contl d stations to well as caution and
warning dtsplav at payload /mission specialist panel. Provide rnlulral inter-
face software.

Protiuo lnstrumtantatio u, data management. Interface pawols (Orbiter aft
bulkhead and mold lined, and lines v) monitor 'Pug status. ; r rovide interface
with I I N for prelauncF co untadown data displav at the appropriate ground
control station as well an caution arid warning displav at liavlowd 'misnlon
specialist station, l e rovide requirod interface software,

1. 3 Ba k-4t Ihvinad ('hangcout

^u4e 1^ttle1at changaeut tasGs and
functional nterfact- requir,•no•rnta
ar,' ,need )it 	 Otango+out
o ccurring prior to attaining final
two hour sumdbv stator and
%arefore, prior to prolx•Ilant
loading. The chargteout room
is tit place with an inivlrenmenud
seal enuJ,lished iit-mven tix• rnn
and (tr i o	 sin, and the paylesoad
bat 'o u	 • closed.

1.3A I lan Alxnrt

' I Close largo flay Doors

ote• Thesc are basicall y orbit e r tasks
During these casks the function-
al in • erfac ,s edentiftud must ls-
mainudnod, but :arc not associa-
tel with a discrete subuask.

1, b Final Countdown
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and range from providing information on safety-critical functions fr )m special instru-
mentation to executing complete abort sequences,

:3. 1.3 SUPPORT FUNCTIONS. A summary of the kinds of functions for which the
avionics system provides support is shown in Table 3-3. These general support ''unc-
tions (in the middle column) summarize. the avionics tasks identified in each of the
operational phases as compiled In the tables of Appendix A. Examination of the avionics
tasks in Appendix A and are summarized in Table 3-3 shows that many of the avionics
support tasks and functions recur throughout the different phases. I n fact, the total of
all of the avionics tasks is contained within 10 support function categories shown in the
right-hand column of 'Table 3-3. 'These 10 support functions provide a convenient frame-
work for collecting; requirements at the top level without excessive repetition for each
mission phase and sub-phase. Traceability is still maintained through Table 3-3 from
the support functions back to the mission phase and detailed tasks of each phase by the
tables in Appendix A.

3.2 AVIONICS FUNCTIONAL REQUIREMENT

The top level functional requirements for the Space Tug avionics system are compiled
in Tables 3-4 through 3-15. They define characteristics and capabilities that the avi-
onics system will have in order to support the tasks outlined for the execution of mis-
sion tasks and the conduct of ground operations. These requirements were: 1) com-
piled from a review of the v jplicable documents in Section 2, and 2) developed from
the analyses conducted in this siudy. Functional requirements relate to supporting; a
particu * ar task or function. Therefore, they are compiled under the support function
to w hicti they apply.

Each functional requirement is further allocated to the six avionics subsystems. The
characteristics associated with each of the functional requirements are detailed Guider
the applicable subsystem and represent the quantification of' that requirement.

Requirements for the three interfaces of Tug/Orbiter, Tug/Payload, and Tug/Ground
are arranged in a slightly different format. Quantification of the data being; trans-
mitted across the interface is shown in Tables 3-13, 3-14 and 3-15 for each of the
mission phases/sub-phases. The data is categorized by "To Tug" and "From TLg.
Collectively, thcGe three tables quantify all of the Tug avionics system interfaces.
Following each of the tables are footrotes explain'. :g the source of the data and deri-
vation of the values given.

3-6
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Table 3-3. Avionics Support Functions

1

AVIONICS SUPPORT FUNCTIONS
\10'41ON PHASE PER MISSION' PHASE

5 •	 PORT LANDINGOPCRATI ON S •	 Safety
•	 Checkout	 Status Check
•	 Interfaces:	 Tut;/(;round;'Reg Sliececraflr

Tug/Shuttle

4.	 RF.FURMAII & CHFCKOVT •	 Safety
•	 Checkout:	 Calibration,lnitiallzati.se

Functional Test
•	 Interface:	 Tug/(:round

3.	 I'L'O/SPACECRAFT MA'Z'E •	 Safety
AND CIECKOUT •	 Checkout: Status Checks

•	 ICF Communicatior
•	 Interfacer	 Tug Spacecraft;

Tug/tlround

•	 OWratiuns Control & .Sequencing

2.	 Tt'O/14PACECRAFT/0R 1 SiI ' ER •	 Safety
MATE & CHECKOUT •	 Checkout: Status Check

•	 Operations Control & Sequenring
•	 •nwrfaces:	 Tug Shuttle, Tug'Grountl

1.	 LAUNCHOPERAl'10NS •	 Safety
.	 Checkout: Status Check
.	 operations Control & sequencing
•	 Interfaces:	 Tug ^' itlle: Tug /r;roun,l

11.	 ASC'EA I }'LIGHT •	 %afety

•	 Checkout:	 Status Chock: Calibration:
Initialization

•	 erpe ations ( C ontrol & Sequencing
•	 ItF .'i,mmu1fcaU4n1N
•	 Attitude Control
•	 }aectrical Power
•	 lo4•rfaces • 	Tug/Shuttle: Tug lipartci%ot

13.	 AHOR l •	 yufrh
•	 ( C heckout:	 St...us Check
•	 Operations Control & Sar,iencing
•	 Attitude Control
•	 RF Communications
•	 Lnterface:	 Tug/.Shuttle: 'Reg/Spacecratt

IS.	 TUG F 1 .IGIIT OPERATIONS •	 "1'ra)ectory Control;	 Navigation: Guidance;
I light Contt;t

•	 Attitude Control-	 Coast; Maneuvering
•	 Operattons Control K Soquenctng
•	 RF Comir unteaN.ms
•	 Rondezv­_^; a hacking
•	 ynf, ev
•	 Cherkout: status Check; Malntrnance

Supper(

•	 •ntetiace:	 Tug/spaeveraft

•	 Electrical Powt-
•	 Reliability

12.	 TUG RETRIEVAL, ENTRY, Safety
LANDING Checkout: Status Check

•	 Attitude Control
•	 Operations Control & Sequencing
•	 RF Communiea Lit ns
•	 Interface:	 Tug/.Spacecraft; Tug Shuttle

m0NICS SI'PPO$T FI'NCTIONS

• SAFEIY

• RELIABILITY

• Ol-ERA':IONS CONTROL.
& SEQUENCING

• RF COMMUNIC ATIONS

• ItI:NP^.%V(^!'3 & IXX'KTN(l

• C IIFCKOUT

• INTERFACES

• FLECTRI ' AI. POWER

• ritmECTORY CONTROL

• AT'I1T19)F. CONTROL

Qkt(; ,

OF p^R f , f.4 16►U.44,
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FOOTNOTES TO TABLE 3-13

1.	 I'hmer chanarover Is accurnplishd during for final coxmuluwrn frum gruund suppb,.l power. Rd. Table 16.

g . To completely checkout the vehicle during ve ►lflcatiun and ctKoultma preps • several programs will be hadeal
Inn, tar Tug accounting lair 15.000 words of uplink. Dunne the remainder of tits latatrh operations Ids of
maximum uplink (laid Is uses.

3, An a-1st data word also IbWtel Is cle-sen for bolls uplink aid downlink wu-d sites treauae this la the standard
interface word visa .or most sub-ol-tlr-art computers.

I	 4. A high raw worn uplink rrte d 400 worvls per secovl Is t hosen W alloy. the loading of an ROO word program In 2
g	 seconds, This rate *111 Allow reasonable machine response time for most Wt asqusncvs

•
G.	 rhr number of Pi -bit words in derived as follows!

Line replacaablc units W average system rsdund4ncy + 16-hll signals per LRt • cnnvvrstm W
8- hit words • basic telemetr y list Wail downlink list. 10 m 3 w g r g • 130 450 a-Mt words

At signals are Interrogate) during the loading oaf propellants and pressurante sine a th e channing td the vehicle
et Ar nrnent from ambient W cr yogenic em.titions stresses th.• Avionics more than ant other prelaunch activity.

6.	 The word rate of I400 words 1a dsrlvod as follows

high rats avionlc ,32 0 I.Rt' signals 200 1 sampling rate o '20 Hs • Ilan
Iow rate avimice 320 LRI' signals 409 sampling rate s 1 Hr 115(,
T'I.M :20 bolt• rate • 4 Hr

Total a- Mt words sec	 1794

As stated In fa) when all signals are Inlerrugated lhr highest rates are required during prelaunch prolmllant
luadlnlgs.

T.	 Ih,ring 2.2 all interface *Iron are to be 'rung-wt .

a.	 This number of words is chasm W sufficiently verify llr uplink.

9. 'rho hyfhoa- operating uplink rafts is chosen W verth the uplink (other than computer main memor y loading).

10. I tiAng 2,2 all Interf.oa *Ires are W be "rung -out .

11. This number of words is chosen W suffreloods checkout the downlink.

12. The highest operating downlink rote is chsen W verllu the downlink lather than computer main memor y lording).

13. Contrul sating override ogw• ra p une from the Shuttle,

14	 Ml safely awl other cornmanla will has through the digital uplink.

15,	 Mmi ntadn an uplink rate W allow n e sp,nstve control of venting and dumpina valves.

16. Wait, functions are monitored Indep •nden. of the digital downlink W assure crew safety In the occurrance of a
digital failure.

17	 Pit- number td 25 s-Irll wards Is derived as follows

4 Subsystems , 2 words p e r subscsWm , 2 averag e s ystem re,lundanrt 24 s-Mt words for dowlnlunk

Is.	 I'ha• low rate word rate is derived from 4-bit words • sampling rat! x Ili

24 20'	 20	 l o0
24rWRr1
Total low rat• downlink ii-till words 'sec	 I to

Ifs.	 'N power valur reprements tie sum of th e worst case power --mourned durl" an y tart oaf the ascent phase.

20. The se commwuts represent the release acyuence from the Shuttle.

21	 ^ hr rate of 400 wurds per second is required W n atiefc the rug navigation update. The update Is as follows

a. Time sync W I millisecond accurac y covering 24 hours of tame spar, Ns bits).
b. Three by three 19 words) matrix of la-bit velocit y uplate.

22. Same as footnote 10.

23. Same as footnote 11.

24	 A "odium rate of 400 words per soeand downlink is used for medium Tug aeUvlt% and is deltno.d as Ur mid-

point 'aetvee7n the high and low downlink rates laee footnotes 6 and 1a).

25	 '!urine rug retrieval, entry, lanolingt and abort the power consumption Is Ion. since thethe GNSC, propulsion system

uvi electrical ewer system is off.
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FOOTNOTES TO TABLE 3-14

1. The Tug shall issue discrete commands to control payload equipment.

2. A payload serial command link is required for GSE prelaunch and Orbiter
predeploymmt testing.

3. The Tug shall provide a telemetry link from the payload to the Tug/Orbiter
interface. A data transfer capability is required for GSE prelaunch and
Orbiter predeployment testing.

4. The Tug shall monitor payload environment as follows:

a. Vaccelerations
b. 3/temperatures
c. 3/pressures

5. The Tug shall monitor payload separation and retrieval as follows:

a. 16 latch positions
b. 8 parking ring extension/retractions
c. 1 interface connector

6. Cabling between Tug/payload anu Tug/Orbiter for transfer of video signals
shad be provided to checkout the planetary payloads prior to launch.

7.
8. Existing payload requirements included in new payload requirements.
9.

10. The Tug shall provide cabling for 30 hardwired caution and washing signals.

11. The Tug shall provide cabling for battery trickle charging during prelaunch.

12. The Tug shall provide cabling between forward and aft interconnects for moni-
toring of payload battery temperature.

13 9 14, 15 0 16. Not available.

17. The Tug shall provide signals for separation ordnance ignition. There are
2 squibs per installation and 4 installations per payload.
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FOOTNOTES TO TABLE. 3-15

1. 1%,wer changeover in accompllsheal during the final co unknown from ground supplied p..war. 	 44 •e Table Ia,

2. 1't completel y checkout the %vW!c durinr verl lestion and cotanldown paps, aeve • rol programs will be loaded inlu
thr Tull accounting for 15,010 words of uplink.	 During the remainder of the launch uperatfuns 10'1 of maximum
up l i-It data to used.

3. An 10-bit data word else Invtel Is ehpsen for both uplink sad downlink word sizes because this 1a the standard
Interface word s1 ►.a for most state-of-the-art computers.

4. A high rate word uplink rate of 400 words per second to chostm to allow the Ioadlnx of on MI10 word program In
1 secod&.	 TMs rate will allow reasonable n.aehine response time for most test sequences.

5. The number of -bit words to *am,- as given in Tshlt• 22.

f,. the w .rd rate of 1 sm0 words to same as it ven in fable 22.

7, Durtag 2.2 all Interface wires are in be "rung-out'.

S. This number of words Is chosen (o a.ttficirntly verif y the uplink.

9. The hishost operating uplink rate Is chosion to verify the uplink lolher than compmnet main memor y loading).

I	 10. During 2.1 all interface wires are to be "rang-out".

I. This number of words Is chosen w muffteltmtly check . utl the downlink.

t	 12. The highest operating downlink rate to chosen to verih the downlink (other Ulan computer main memor y loading).

12. The partial load of Tug pri • mmur - ,ts turd loau :̂ t of A Pti pro.. '. laant tivvessitat • a the possible net • of backup safety

discrete command) .

14. The 1Lg spacecraft , vale and checluAit has a wide range oI tasks throughout its subwsks the largest of which Is

loading the 'lug mdnn nienwry In terms of words and hit rates.

15, The word size 16 the value as the standard byte orienuxl machine except for loading the Tug memory In 3.2 where
the 32-bit computat word size is asmumtd.

1R. This o peration Is the same as Footnote 4 except the uplink rate Is chosen to allow cominiter loading to t minute
via special hardware.

17. Safety monitor functions are used during loressuran • load and APS propellant load.

10. The largest block of words for downlink In this section Is the computer loaf echo check w here l!.e entire loand
-temory is transmitted to ground for a bll-forrbdt comparison.

' 9 The standard n-bit byte applies tar these sections except for eongmter echo checking for computer loading and TV
where I-bits allow for up to Ili gray cede selections.

20. The largest Item here to the 48 , 000 BPS rate imposed by the docking/ retrieval simulation where the TV signals
must be evaluated through ground hardware.

21, I'hcee - ignnls are necessery to cor'rol all ti,a pressurants and cryogenic control valves that may be mantpulattxl
during tank returmishnlent.

22. Same as I..olnotes 2 and 14.

29. game as Footnote 15.

24. Thee signals are necessar y to mon i tor all the prossurants and cryailtenic ctxdl gons that may be a safety hazard
ivr ng 'rug refurblshmmt.

25. Ton.,.	 stknals are used to establish the condition of all the Tug components during r efurblshment.

20 Same as Foo- .ote fi.

27. l he- deployment adapter valve dnt • rface control will be verff ed during this sequence.

28. Same as Footnote 27.

29. t'untrol safing operatuuus from the ground.

90. Maintain an uplink rate to allow remponsive control of venting aril dnmpdng t dvem.

31. The number of S-hit words Is saine as given In Table 22.

32, The lore rate word rate of 120 words per second Is same alp given in Table 22.

3b,1
1'he ritte of 400 words per aectmki is regwrod u, satisfy the Tug navigation update.

IGINAL PAGE IS
OF POOR QUALITY	
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APPENDIX A

AVIONICS SUPPORT TASKS

WITHIN OPERATIONAL PHASES



s

'fable 1. Avionics Tarlka During Launch Operations

M MltION PHASE

1. 1	 launch Itesdlness Veriflratltn

AVIONK'N TANKS

Provide Instrumentation aral data management ralaidlities W collect and
e1 Countdown Preparations dimplaN all needed data for all avinic, structu. al , mechanical, propulsion,

vod thermal subs y stems.	 Collect and display data 4t pa y load /mission
`	 ( Specialist stations and to appropriate ground munlWr and control n tatiens.

Provide required software w interface with I.M.

l.lf	 Laid all l trrxllant & Pressur- Protlde instrumentation, data management and interface panels to monitor
ants Inn, ru. f and control uperatlons Including all safet y functions.	 Provide Int e rface with

I.PN for prelaunch 4, camuluwn data display at appropriate ground control
stations.	 Provide LPN Interlace software as required.

1. 3	 Ilackoul/Pavlowl Changeart Provide Instrumentation [ data management capability, to place "fug systems

CIS	 l e ayloarl changvou, tasks ani
in s le t•endltion, verify accomplishment, and display data on Orbiter

e
mission /payload specialist panel ant apprupris to ground control panels.

p
ry

are requlrcmente Ineltslva providing all interface lines ant panels w transmit data from Tugare b
ased
se (on	

ch	 lare b al
nu	

ingfmrl
to Ortd4• r and ground locations.	 Provide roquir d softwan e Input ti, I.11N.

prior W a
two hour standby status andnd

nl%ltor safety critical functions.
two hear	 a
ther •k, re, prior 'o propellant
loading.	 TM• changrout room
Is in place with an en^lronmental
real established twtwren the room
and Orhfter skin, and the pavluad

hav dam are closed.

1. aA	 Prat Abort Provide Instrumentation and data mannyemehnt capabili1% to succraafulh altort
mission without violating safet y requlronnents.	 Provide instrumentation and
data manag	 uenl capability to monitor and control 'fug propellant loading,
terminrtlon operations and display required data at payload, mission specialist
%tatlon and ground control stations. 	 Includes Inte rface panels at Orbiter
mold line and aft bulkhead and all interconnecting lines.

1.4 Close Cargo Day Doors Provide instrumentation, data management, inle e rfaoe panels (Orbiter aft

Note	 are basicall y Orbiter tasks txelkhr: d and mold line) and lines t 	 nd: monitor Tug status (luring this a 	 other

Duringg there tasks the function-Durin
D Orbit e r pre-launch and sutndbt activity .	 Provide Interface- with i.lS for

interfaces	 moat
data dtsplat at algtropriate ground control stations as well as caution and

o
m 

udnlain
	

but
t 

are no t Z19140611- 
warning display at payload/mission spoelalisl panel. 	 Provide rtvluirad Inter-

t•o! to ith a discrete subtask.
face software.

1.5	 Final C , tuntduwn Provide Instrumentation, data management, interface pearls (Orbiter af,
bulkhv:ul and mull ldncsl, and lines to menitor Tug swtuo.	 Provide tnterface
with 1.1 15 for pn • li nmch K counblown data dtsplav at the altprupriat e ground
control station as well as caution and warning display at paviond mission
specialist Station.	 Provide reyuirod Inu e rface software.

A-1
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Table 2.	 Avionics Tasks During Tug/Spacecraft/Orbiter Mate

tIC.SM' PHASE	 AVIONICS TASKS

2. 1	 install Tug % Pa yload In Orblu•r	 All &vstem• either turne •el off or In power down mode.	 tnstrument&Uor, aryl
DNIS sve.tem will monitor safet y functions,	 Provide Instrumentatiun and
data management calablI11% lo. ve•rifv Tug'leavload Interfaces, 	 ylmlumr safety
futcuomns,

/ 2.2	 Verify all .rug/Shuttle Interfaces	 Provide Instrumentation and daut rnanaKCment capabilit y W vertfv appro-

1
priate structural, nuid tuvl avl„nlc Ina daces.	 Monitor saleh functions.

2.3	 lug ylonitoring	 Provide Instrumentation and data management capability W collect and dis-
play critical safety and warning parameters at a Imation external to the-
Orbiter pay load hay.	 This location should be one of the MLP rams with
available access during all Shuttle buildup and transport operations. 	 During
OrldW	 Ww from OFF W VA It data could for ellsplawd at pa y load/ missien
specialist stain.	 Instrumentation for data gathering should be normal
night instrumentation.	 All non-night It e ms mum be located such that pae-
load bav access Is not rerlutred.

Table 3.	 Avionics Tasks During Tug/Spacecraft :Kate & Checkout

MISSION PHASE	 AVIONIC11 TASKS

3.1	 1lexhanlcally Mate the- Spacecraft 	 Provide nvionlc Interfaces between Tug and Spacecraft and verity.
W the Tug

3.2	 Load and Verify Computer Flight 	 Loved Tug computer night program via LPS and verify proper response.
Sof tw are

3.3	 Vertfv Docking/Retrieval	 Verify docking/retrieval mechanism hnctiona.
Capvhlllh'

3.4	 Functionally Verify all Tug 'Kick	 Verify single point ground and bus Isolation. 	 To the maximum extent
Iltage:'Spacecraft Indvface n 	 Ivonglhle, exercise all Tug .'Kick Sage Spacecraft systema thrmogh the

ntihslon profile (Ilftuff thru S.'C separation) using the MSS PSS night hard-
ware.	 Data will be monitored and compared to establish criteria for go,
no-go conditions.	 All ordnance functions and separation latches will be
monlWrevd for proper event occurrence.

3. S Spacecraft to STDN/TDRSS/S('F	 Verify the payload uplink and downlink to each segment's controller ground
Communication Verification	 station.
(Ope • n Leeepl

3.6 Pay load W Orbiter Cornmud-	 Vertfv RF compatibility between the Orbiter anti 'ru,p communications
cation& Verification (Open Loop)	 svatems.	 After It l' lock-on between 1'ug and orbiter perform all mission

communication routines. 	 All normal cun'mands nrvl proper responses will
he vcrifted.

3.7	 Install Flight Ruttery	 Install batter y and connect W dtstribution system.	 Verlfn lnter'f..sces.

3. B Connect Ordnance and Vertfv Safe	 Verify no current at each ordnance corrector with power on/omff, connect
ordnance Inu-rface connectors.	 Verify ordnance Items In safe confikuration.

3.9	 dove W AP9 d'roeps • llant	 None.
Loa.ing Hay

3. 10	 Partial 'rug Preesurant Luaol	 Vo)ntWr Operatlnn.

3. 11	 Loan' APS, Leak ('heck 6 Secure 	 Monitor Operation.

3. 12	 Install Payload In Canister 	 Change unnbillcals.

3. 13	 Dell ver Pavload (Tug aztd 	 Monitor Operatiomv.
Spacecraft) to Pad

A-2



4.17 Clean and Prepare w %love Adal,

4. IM 'Hove Adapter into FPF C'h,a•koul
Area

Provide access to clean c • omlantnts, auhsvat e ms and hurrtu•sa.

S,nr.

Table 4. Avionics Tasks During ReALrblsh wid Checkout

1f1981u!s 1'llAtf!'	 I	 ---'	 A%9UNCN 1'AMK.'t---^-

ae,-

4.1 safe and Remove I nraprmb.l
4rnlnance

4.2 Drain tut Horne APN

4.3 Remove Flight Batteries fur
Ref u rti s hmen t

4 Verify Integrity of Prsssurlcatfor
Nvotem

4.5 Verify LD
2
 Nvotein Inuesrit%

4.6 Verify Lift Nyste m tnteylrlts

4.7 Service Fuel Cells for Dear it s,,
trop , brain 11.11 mul '.rak Check
tiv stein

4.8 Vent Remaining 1'ressurtnt

•1.9 Fw oarat- Tuyt from Adapter

4. 10 [ lost f light Visual Inspection of
Designated arras for flight and
or Handling Damage

4.11 Clemi Tug a Prt•Par,• to Move

4.11 %love Tug to C'lern Area lot

Mutnteoance L C,ierkoul

4.1:1 Isolate i'alled liardua • e Causln¢.
%fission Ars,mulies

4.14 sch,dultd 1'ug Pre-Maintenutt•,
1'esix

4.15 Scheduled Tug Maintenance K

Wslificatt,nt

4. 14 Adapter Visual Damage
Inspection

lies flight Inalrumentuticst it avaulahle.

Cee flight i nstrumtntatin.

Provide battery acerso u, discorurt•ci night batt e ry from Fug power system,

I'w flight Inslrumcntallun.

1'se flight lnstrummitatitn.

11" fligh t Instrumentation.

Comect fuel cull servicing IMC, drain 11 20 from syste m, Inirge fuel cells
u, remove moisture and lock up with a blanket pressure of 19 +1 psis.
yt blilze pressure for 10 ntlnuica. I cal, chock u l tras) svatem for 30 min.
Vent evotem to 19 sl lists and ItK•k up.

Use night tnatrumtantaNart.

Provide ur-blllc• nl dfac • omorts. Use flight utstrumeotutlurt.

Provide access doors to visually tnslmvt complrronts, subsystems.

Pn,vide access to clean avionics syst-m cornpun-nits, umbilical, hano•ss.

I sing flight performance Jaw its an Inf„rmatio n source, stimulate ntslKectetl
,tote ms/comptsu •nts n,lth URF. tun) isolate analomous performance to re-
placeable 1.11t a. 'Lut dlscrelautt units fur replacement,

Install checkout tihE, perform measurt •, ant syst e ms .-nd to end eallbra-
Llon.

Perform nun destructive testing on components, subavatems anti harness
as ralulrrd by operating p me'life cse• le rc,Iulr•ements and 'or mamdacturers
+IKrificaticns.

I'rnvlde occen doors to inspect component, subevetems and harness.

4.21 :Hate Tug With Adapter and

Verif y tnterfnces

Votng flight daut as an information source, stimulate suspoctd adapter
aystems and troubleshoot its r(rlulydt to accomplish isolation of comixrnents
ILRL') which have cauaod anomalles on the previous mission.

Inatall checkout GHE, and perform measurement systems Mid m tend call
-hratin. Perform non-destructive testing on compon nts, subasstems and

harnemn as required by operating time, life cycle requlremonts and /or
manufacturers specification.

Position iulapter for mating %Ith Tug, inuvc Tug wor' itan? platforms in
aecommo dr	 • '^liter, mate and verifv electrical s, • :., to Interfaces.
\Ixo v, • rifv conunu.•..	 ...... ».. ...... u,tcur interfaces.

A-3

4. 19 Isolate Adapts Ilardware Causttg
Anomalies

4.20 Scheduletr t Adapter Maintenance
1',ests



Table 4.	 Avlunice

y1ISSIt/N 1'NASV

4,27 Viectrical P°r-Power t'Mcks

Tasks During Refurbish atui Checkout, Contd

AVIONK'S TASKS

Verify mingle point gr.. aul, conn ect (IMF. wall verify bus Isolarbn.

4.25	 Mechwnicml Alignment Verify morhanical n ltgrnmcnt d ovine tar Ng, deph"menn sdmIPt, , r to Pays,
Veriftcrt.on S.'C adapter 4) l'ug and guidance cong pneol platform to Tug.

/ 4.24	 Aigdv Power To Tug Energize Tug muhavmta • tna for dowvnatra•sm testing soul verif y power quality,
I Appin ground 1.,%rr to	 lug L imlin • the I PS to amitrh .mi off .-. tch aul e-

mvatem.	 LPS too monitor power bus for nolme :ud ripple and comport with
is pre-emtnhllshovi criteria.	 Verity Tug Spacecraft Interlace dlstrthutlun,

4. 25	 !.oast PC 	 Data Format Nlrslon Ixculi ar data h•rmat to be lowied into 1,1 1% arul tranmfar to on-
I,uanl computer.	 Verify eompatlllllty Now, •e •n lag comixorr ary l groauul
control.

4.26 Calibrate %frasurement System t'Ulire tim • l.l'S 'rug curttpul -ra to "Umnlute end insirunimita for a a • all-
hraU.n at a minimum of three voltag, • levelm.

4,'27	 Mate Tug with Kick Stage Provide a%lonivis lnterfacp a	 ml umbilical r.xtniwUomts.

4.29	 Verity Inwrfsces Verity slpial continuity across Tug 'Kick Stage Interface• tool Kick SLytc
im,wer activation.	 Verif% correct pin-u.-pin runts nulty mul power dlslri-
bution.	 Utiilre the LI • ^, uecomm wid mgnala acmes ruii Kick Stage Inwr-
fact- wul vertfc i expense.

4.79	 Iwoad 6 Verify Computer S- ,ftware maze the I.ps to total the• 'rug cornpuu r . , tth nnlaelon p. •p uliar teat moftwurv•.

4. Jo	 Sy ad • m Health F: valuation Vertfv Tux pul,m y slant Ilerformwecr is In accordance with rotablimhnd go/
nu-go crlta • r+ OVIth lie lug or Uug Kick SLeg p In a 9llnulata •oi flight poptore,
urahnance function m,nlL,ro nI via mpocntd calling. conimarul Ih p 'Iug'Kick
Stage through the normal mute of - px , radon.	 All cummandable backup re-
(Jundanct mulp m %,ill I), • exerclsal.	 All time critical sexluencen will be
verified.	 SedacuNl data points will he ntonli.-rmol to cumfxtrr Oth pre-
usLnhllandml tretrl data,

4.31	 [no tall Orvin:mee Verify Interlaces.

Table 5. Avionics Tasks Duruig ] lost Landing Operations

MLSS1ON PIIASt,	 I	 AVIONICS TASKS

5.1 Safing sad Purge

S. la Sating L Purge lAlxnrt L III ISn

S. ih Saftng L Purge iAbort AOA/ATell

5.2 Remove Fug/Spse perteft from
Orbiter.

Provide inslruman glUon and de L, m:unage • mrnt caiuLility w monitor/r.ntrui
all mubaymtem p until all mafetN requirema •nts have lx-en verified. Dimplav

power. vent, pressure , and purge dales at patdowi rnim p l , mt pixrlallatt,
statinn. Monitor safet, tunctl,np.

Provide instrum- •ntatlon :uml duta mtmngentmt capabilit y to monitorkonlrul
all subovstemg until all gaiety rotqulrements have been verifloti. [)Isplav
vent, pressure, power and purR• ga p data at 1^maload/mis p lon pxvinitmts

p tation. yltnitnr mafrn funettonp.

Provide lastrumeotation turd data management capability to maniUr/control

all subevetems until all mafety requirem pnta have Wen vp riflral. Display,
power, pressure, vent and purge data at pavload/mission nx-elallota station.
Monitor saft tN functiurnm,

hturniwr std, • t y critical ftmcUoxnm on I ug :and Spacecraft. Provide Inatru-

rne•nuttitn capability to monitor tank ud insulation condition at pavlotul
misp lont mIxcialfsts Putitpe during this Lnsk. Provide avionics interface
disconnect pan- /rveeptaclex for all Tug Shuttle avionics interface con-
nprtionm.
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Tahoe 6. Avionics Tasks During DDTW: and Production

yilSetiN 1 1 IIANE	 I	 AVIO%IVS IAN"

u thria Avionics Roluiremunts Wring I Nu rtqui remeri ts have • et twat drvelutrd for Ih. • r phaaw.

10	 1 DUK f1 Pruductiun

'fable 7. Avionics Tasks During Ascent Flight

MISSION 1 111ASt ,	A% ION ICS TANI.-%

011"i

1
11. 1	 Perform Tux; llpareeraft Caution Provide inatrumcntrtion,data manax, ment a commurdradun eg,atitlities

4 %aming. Monitor V Control to digdai rorluiretl Information at MWI 1 141N station, W flight crew mwi W
Functions ground a ta tl ns.

•	 Provide control i monitoring capahillt y to autumatloalty
lier'form following functions at Orblt. • r ixnitimt'

Close 1.112 and W;t lank w ent valves
Terminate helium purge
ripen purge bas vrnt valves

•	 Manual override caluddlih provUlnt from Orbiter crew cump,rtmmt
ClW Panel.

•	 Priavide CIIW monitor and control Panel in err% e„mpartmeint owl at
M'\S A I SS a L•tti tns. 	 I'his p.atiel Uill be lnit'rt'I nnet tIV1 with other dis-
plays atwi c.ntrola, aural alarm ♦ illumin.,te.l L,Ikl):wl,.	 In :vWltton,
provide CtW data to be transmitted through urtd4 • r eommanicutiosi
s% stew to ground stations 1, ground cteurollers.

•	 Provide electrical power.
•	 Provide capaidlliv W record CVA data and 'I'wu flight lK • rformanee dal,.

•	 Provide control a monitoring capabflli y W autunlatleally upon 1.112 L
I.t12 tank vent valves at - 200 see or > 3oo,uo0 it altitude.

•	 Provide controls to activate rrro-g rent •vatrms and odor, 1-oillive K
vent valves.

t 1.2	 Perform Tug'Spt	 --- - raft Operation a	 Provide Insir ,imentitlon, date mwiaguillo t . md communication
L Checkout Prior to lieplov mint tit capabilitica to display royulrod informatLni ,uvd Mfllt/PSS, ha flight
•1'u;'Spacrcraft from Orblter crew and to groond siatlons.

•	 Provide through urhiter communicatlai a y stem authority to receive
command data A. lrant4mit statue data from 'to ground stati ns.

.	 In Tug U\IS,provide pn,gram to perform Prodeplov'ment se llvatl,n and
cheekoui.

.	 Provide communication link to Orbiter in r , -wive ground commatwi to
Initiate prullrammM Tux predt.-dot malt activation K checkout,

•	 Provide hariwir y link from Orbiter through Tug u, Spacecraft to Initlate
activation :unit chtti • kout of Spacecrdt aubavatema,

•	 Provide hardwire link to transmit awtuw data from Spacecraft thros,gh
Tug to Orbiter.

.	 Provide Indication for TugiSpacacraft systcma in go status for drplov-
ment.	 (No-go status results In -iburt condition, see Pluck 12.2).

11. 3	 Rotate 'rug A Spacecraft Out of •	 Provide, mtnfair and control all operational commands, Including
„rhlter Pavlead Ifni autlus to M[85/1 1%8 Stations.

.	 Monitor safety critical Items.

•	 Provide controls to lnidate and operate drive mechanism.

•	 Provide tns^rummtanun and UMS displa y rapahiliiv to verify status.

•	 Provide communication link to transmit status information to Orbiter
communicetl,n for re[av of data to gro r aw	 un'roli 'rs.

a	 Maintain prugrammod orientation & attitude durtnt; d.filtrymtmt cot-rationh.

a	 Provide electrical power
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Table 7. Avionics Tasks During Ascent Flight, Contd

MIMrt1O5 PIIAA ►:M	 A%IOW Y TAMKM

11.6 Perform Final Tug Activation 	 • Provide, monitor S, control all tgw • rational commando to verth status
and Status Checks 	 d all Fug Sytacscrdt nub@%item n and d isplat daua at \IMM'PMM statbna.

1lonitor sdoh critical funttltmr.

• Provide controls and UMM to ultt •n non-thrust vents for 11 2 and O=.

• Prfwtdr controls to disable aer" vont devte.v,

• Provldr controls W activate furl roll L chow.-over purer from Orbller
to internal.

• Provide (into link lu update GbK stone vvctur.

•	 1 1 revide lit' link for I'tyt to contmtnicate with Orbiter after untMllcal
panel disconnect.

• Provide tnst.vmtmtaLI n,l)MM, data link to vertfv Tug readlntss and
commit w deploy. Nit computer pr,*ram w 1._rform verification tea
comrnzid from ground eo.•ttrdler or OrMirr crew.

•	 Provide voice and data uplink for ground controller W vorllt rug/
ltlwcuc. aft commit too deplot .

11.6 Attach 11MM to Tug/Spar mail	 Provide capability to trtenluor attachment tut 1018 ark] substvlue nt deployment
operations. Monitor Ml safety critical functions.

t

11.6 IHnconriect 1'mbtllcals L Adapter
1.awhes In Antici pation of Ng/
SImoocralt Separatit.:. )rum Orbiter

11. 7 Fep:lrstc Tug/Jpnc.wraft from
Orbl ter

11. s Ac tivate 1 `iw ACM Tttrtt.;ara

Prc1de, monitor aril control all ton rational commands. %I.ntutr all salety
f ncti•ns. Provide controls u, Initiate retracting uml,illeal panels aid de-
routing of TuK trotrn adapter. Provide Irstrumont:etitn and INS link it na,nr-
urr dematbtg anti release operations frown MSS display and alert at groaud
controller statiun.

• Pruvlde, moadtur and contrrol all t4tersil-nial ct mmandn. M.nturr all
salety functions.

• Provide capablllh to virall y monitor from M88 panel as In 11. S.

• 1 1ruvide instrumentatltn, 1)MM and cummunivation tot trarsmlt TuK
status data to Orbiwr for meniuw and control.

• Provide control, data link to enable ,^.CM

• Provide Instrume•ntution, MIS and data link to monitor and control
TuK operation a t-d p • rforntatg•e as ground station thrsigh arbiter

Provide controls, cummtmlcation nubevatenl, and data links to receive com-
mand sod send signal to ACS suhsystem to enerKl y c ACS thruster propellant
control valves.
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Table S.	 Avionics "Tanks During Orbiter Hetrieval of Tug, Entry, Landing

MISM10N PIIA10: AIVIONN'A TAPIKS

19. I	 rrana/er Tug/Spacecraft Cuntrul It•lrieval 1.^ t Orbit e r Is based wt the fnll..wlng guidelines
from Gr,atnd Controller to
Orhlter Crew

s	 11piarwraft Is Inert and:	 01 with alla	 n 1	 1aLn rctraeMtd IabI
.114,w..1 lalaill.n,

I s	 I7tg MVS haw been safoal.	 All prolr • Ilants other than FM, Aa1A
been rga•tult'd orlur to rtw dernuum maneuvers by tlrbit•r,

s	 Tug active submatems ar, vommunlcatin, IIM11. C&N anal ACS.

Provide communication sys,.m compatible with AFIiCF and S'Il ►N networks,

Provide RF ron,,,W	 ;Ott with OrNwr and ground stations,

12.3 Command Dq, to Prclerrol Provide tranelwsuler compatible 	 • 01i u, Ater radar for rendezvous.
Orientation R Attiltrt.•

I'rtvldc communication. 1IMS atul flight control to recelvo commands amt
compute signals for m,14,

Provide Instrumenlutlun, MIS atwl data link on trwmlt status data t.
' •hiter.

12.2 We Tug for Docking t4 Perform Provide Inslrumentati on , MIS and communication subsystems to verlfv
Til t' Maneuver status aril sate1% of - Iug'8pacec'ratl, 	 Tr:msmll measurements, excitation

msl eummwsls to other subsystems.	 I raosmit status and tdety drta to
Orbi ter.

Provide rLN, 1 ► MS a flight control to maintain rommandod orientation and
attitude.

Perform controls to deactivau' tranniNnider at direction of orttlier,

Provide ACS, c•ommunlcannn link w rvceivc orblter cumtowula 4 execute.
Transmit status to preferrt.l docking attitude.

12. 4	'nick RMS to Fug Provide controls to transmit commands to ACII to stabil i ze Tlgp,Spacecraft
for mating with 1018.

Shutdown ACM.

Provide R1• communication link and controls to deactivate guidance and
navigation mid flight a ntrol aaheve -•ma.

Provide RF communication link arad control 4 safe ACPS.

12. 5 Rotate Adapter it Activate Provide controls and Instrumentation to irrrform adapter readinees func-
I '-•mrnts to Accept 'Rag Uona:

Umbilical ptn,dN In retracted lw,slti.xl.

Tug-adapter lau•hen in retractwl poaidun.

Power available to drive mechanism,

Provide controls and Instrumtettation to rotat e deplovment adapter to
position for Peopling Tug Spat	 craft.

Rel av status to ground station,

12. A	 Maneuver Tug'gp°rerraft into Provide Instrumentatiot and corn mini icatiot for Orh1t • r crew in monitor
Adapter and control Tug safety statue.

Relay status to ground Wation.

12, 7	 Itemat • Electrical l'mhlllral Provide oontrol capshllity to activate Tug-to-adapter latches.
Panels

Monitor statue of latch olleraV 	 'u.

Provide controls 4 Instrumentation u, activate & monitor umbilical remate.

P-ovlde necessary -tow•.r.

Relay statue W ground control.

i A-7



Table S. Avionics Tasks During Orbiter Retrieval of Tu t;r Entry, Landing, Contd

MISSION PIIASt	 I	 AVIONICS TAN"

19. s !cafe rug , spacecraft for stowav

It. 10 Conftlptre Tug Npacecr aft for
t - -rt Flight E Hema4• Fluld
t -111jlllcals

12. 11 Verify Tug, Spacocrafa status

Pru^ide transfer switch from Tug lxm -r W Orbiter power.

Provide for deactivautm of fuel co-11 power avatem.

Provide controls to safe all 'rug suhsyst.•ma.

Monitor Tt4g starts tukl relay to KrourMl mutton.

Provide controls and lamer to activate :oaf operate adapter rotation drive.

Provide Instrumos+utti n and IMIS dloplav cagtablllly to verify status of
drive mechwasm.

Provide communication link to transmit status W Kroutut station.

Provide controls ant sMslnit svetem for maintaining pressure In main
pro pt-Ilant tanks and purge baga.

Display status at MSS IMs.

Relay status to ground suttlons.
Provide program 4t (rurttc MIN liquid hvdrotten tank and lines.
Provide Instrumentation ut memoir Tug auhstatem status.

Provide instrumentation and hardwire CM mtstltor and control for
Othitor crew safety.
Transmit status data W ground control and receive cunflrmatlt , t of 1',yI/
Spacecraft safe condition.

J

n, 

^ 1
	

12.9 14-tract Tutl Ink, Payload Bay

I_# 4

13. 12 Rat Wtaeocraft Cut W \ttwotor	 Provide Instrumenuttton & hardwire C&W monitor i control for Orbiter
,and Control	 rro,t safety.

1'ransmtl s tatus data to ground control and rtvelve confirmation of Tug/
SI acecraft sale condition. 	 D

..iUiNAL PAGE 15
OF POOR QUALITY

a
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Table 9. Avionics Tasks During Abort operations

13.2 Propellant Damp Safing t.Ix•ratlonn
iAhort W Orbit/Abort once around 

13.2 1'rvgiellant Dump Sating Operations
(Continutr l t

13.3 Atx)r • Olx-rations After Tug and
SImeecraft Have Been Deployed
Vrom Orbiter Wino %'erliv Tug
Safe for Retrieval)

AVIONICS 'TASKS

Configure subevatents and software to px-rmit safe dung)ft of rug/Spece-
craft pr^pt• Ilants L r •ding of Tug/Spacow raft.

Provide automatic st+tucoces for proapx •ILu t dump after Initiation of dump
procedure by Orbiter crew.

Provide program sWrtrl in Tug DMS (A) perform Jump enters thin automaUcally.

Provide backup program in Orbiu•r.

Provide instrumentation &- lines to Inldate & muniurr dump progress,

Remy abort status daw W `round station,

Provide electrlcul pxmer.

Provide program W saltily shutdow-n dump o ptration after receiving deple-
tion signal.

Provide backup program in Orbiter to safeh wrmtnatc• dump operations.

i'rovtde inrlrumontaUon & data link W transmit ntatns data to Orbiter.

Provide instrumentation, DMS -,rd data lines W inert progeilmt) sved • nn anti
abort prer.surization system.

Configure subsystems and activate software W pt • rlorm propo•Ilant dump
operation .tut satfing of bigiSpacecrafl.

Provide data link W Orbiter, MIS, and data lines to subsvatems to receive
ground control command to terminute activation and C/40 procedure.

Pruvid- DMS R data links w subsvetems to passivate all subsvatems
except )MS.

Provide instrumentation and data link W t r ansmit ntatuu data to Orbiter.

Provide DMS and lines W Inittate pressurization of prtpt • lhnt tanks.

Provide instrumentation, 1) NIS and lines to cont r ol dump process and ton -
mit Tug status data W Orbiter and rela y m ground station,

1'rovid , , program to sadcly shuufo wn dump operstl•n of [d) 2 and 1,11 2 Uu ks
after rtcetpt of sensor signals.

Provide p:n[p • am W configure Tug propulsion evetem for return- tn r oend
mode.

Provide communication, D51S, O&N, AL'S to:

Establish RF communication link with Orbiter.

Stabilize anti orient 'rug /Spacec raft.

Perform commands receive(] from Orbiter.

Transmit status data to Orbite r including main propidsion system
controls, lines and sensors to propellant tanks and pressuriza-
tion system, and attltudi , control s y sd• ni to perform maneuvers and
stab i lize Tug /Spacec•raft.

MISSION Plt"F,

1:1.1 Propellant Ihimp'Saflng
Operations (Return to
La .mch Site)

Table 10. Avionics Tasks for Mission Control

MISSION PIIASF:
	 AVIONICS TASKS

14. Avionics Itnyuiremtnta forI 	 the avionics requirements for missf ,n control arc included in each of the
Mission Control	 Operational Phases of the miaslun ( .14•ctfons 1, 2, 3, 4, 5, 11. 12. 13, 15).
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Table 11. Avionics Tasks During Tug Flight

%11` K)N PHASE
	

AVIONICS TAN"

M

Provide all otp • rautstal commands and monitor/control thus, 1'tng'paylosd
Iwrameter• that are critical for mission success

Perform Pitt burn (main enittne).

Urbit• r monitor departure L perform on-orbit operations.

PusiUon and velocity update.

Retsrrt mUtus to 'rug operations center.

Coast

Provide all operational commands and monitor/control those Tug/payload
larameters that are critical for mission success:

Attitude update.

Position and velocity update.

Comtsde TOI burn parameters.

Maneuver to requit L*1 attitude for 101 burn.

Verity subsystems ready for burn.

Retort status t, Ng operations center.

Perform 1Y)I burn tmain (nigino).

Coast, positimi and velocit y utslat•.

Determine parameters for midcourse correction.

Maneuver to ry juired altitude for correction burn.

Rclowt status w Tug operations center,

Perform course correction burn tAPR).

Position :wd velocity update.

Report status to TUT operations center.

Coast ,perationo.

14. 1 Phasing Orbit injection %Iancuvers
L ( . gist i%hen I'ug Is clear of

Orblt•r)

15.2 Transfer Orbit htlmdot, Maneuvers
WWI Coast

15.3 Pavload Operational Orbit
Injection Maneuvers

15.4 Deploy Payload

ORIGINAL PAGE IS

OF POUR QUALITY

Proide all operational commands and mtnllor/control those Tits;/payload
parameters Utat are crttcal for mission success:

Attitude ulslate.

Position and velocity update.

Compute orbit injection burn parameters.

Maneuver to required attitude for burn.

Verifv subsystem ready for burn.

Report status to Tug operations cm-ter.

Perform 01 burn (main engines).

Position and velocity ulwlat.,.

Coast operations.

Provide all oqwrational commands and monitor control those Tug/payload
parameters Unat are critical far mesion success:

Maneuver to required attitude for payload separation.

Verify payload ready for release.

Uncouple Payload/Tug umbilicals.

A-10
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Table 11. Avionics Tasks During 'Tug Flight. Conti

15.5 1'at'oad Target Phasing Orbit
Maneuvers for Rendezvous with
Payload (Payload Itctrteval
\Ituion)

15, 6 Tniect into Pay load 'rargut
RendezvousOrbit ( Payload
Retrieval Mission)

AVIONICS TASKS

Splr up pay load (if neccssarv).

Sepuraw rug from pa%iwd (APS).

Activate payload for proper olx•rations.

Ilenpin Tux spin up device.

Report status to Tug operations contor.

Coast operations.

Provide all olx • ratlaal commands and monitor /contrul those Tug/payload
parameuvs that are critical for missltn success:

Attitude update.

Positlu.0 and velocity update.

Compute phasing orbit Injection parameters.

Maneuver to ravlulrtd attitude for burn.

Verifv subnvstems ready for burn.

Report status to Tug ,aerations center.

Perform phasing orbit Morn.

Coast operations.

Determine timing & paramciars for midcourse cor^vction.

Maneuver ti. rerluirod attitude for midcourso correction burn.

Report status to 'rug operations cotter.

Perform midcourse correction burn.

Coast operations. (Target is ahead)

Provide all operational commands and monitor control those Tug/payload
parametvs that are Britt 11 for ntlso ltna 4uccems!

Attitude upslak

Positional velocity u)slate

Compute rendezvous, circularization parameters

Verifv suh,vstems readv

titilON PTIASE

Payload (Cont'd)

Report status to Tug operations center

Perform rendezvous orbit burn

15.'' Rendezvous with Pa%loaal Target
a 'a %load Retrieval Mission)

ORIGINAL PAGE IS
OP POOR QUALITY

Provide all operational comma:;.'. and monitor /control those Tug/pavlond
parameters that are critical for missions success:

Altitude urttlate

Activate rendezvous radar aids

Orient Tug for target radar aciulsition & determine ranging data

Determine rendezvous burn parameters

Maneuver Tug to rendezvous turn altitude

Verifv subs y stems readv for burn

Report suatas to Tug Operations Center

Perform rendezvous hurn

Coast operations

Activate and vertl y Tug Television

Activate & verifv docking aids

Determine range and rouge rate

A-11
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Table 11. Avionles Tasks During Tug Flight, Contd

MISMIOV PHASE AVIONICS TAMK)4

I5. N	 Mock wlth Pmload 1Pat9oad Pmrvlde all .4wrational commanda arid mcnlWr'ecntrcd those Tua'pa ► load
Kotrtt•vnl Mlsslcat ► parameters that are critical fur ml.,stcat suereaa.

Translau• m docking pwition
Monitor docking .,n IN

hu-w 1 1 1. anunna, t•k•.

Passlvate patload

Confirm pavload readv for lurking

Maneuver to clucking sttlttale

hpin up docking mechanism Uf necesaarv)

Close at contact velocity (AP8)

IhK• k and a tech patload

14-spin dwking mechanism

Switch patload t.. Tuft power

Sale patload

Vent execss pa, load ctnsummablos

Verlfv patload rvxh !or return

Report status k. Tug operations renter

Coast nix-rations

1.5. ! p	Inject Into Returii Tr:msfer Orbit Provide all olK • ratlonal commands and mnnldr/control those 'Iug/patload
and Coast parameters that are critical for mlKSlcm wucroaa:	 I

Attitude ulcdau•	i
1

Position & velocity update

Compute 'POI burn parameters

Maneuver to required attitude fur burn

Verdfv submatoms readv for hurn

Report status to Tug op. , rattns center

Perform TOI burn Matti etiginot

Update atato vector

Determine parameters for mid-eourve correction 	 1

Maneuver w rv,luiresl attitude for correction hurn

dlepurt status u. Tug operations center

I crform course corroc • tion hurn

PuslUtat atul volncity update

Report status to Tug operations center

Coast operatluns

15. 10	 Inject into Ik • turn Phasing Provide- all operational commands and monldrr'control those Tug/payload
Orbit primm.-lers that are critical for mission success:

Attitude ulxdnto

Vnaitlon and velocity update

Compute phase orbit Injectim hurn parameters

Maneuver u, m1uirexd attitude for I'OI burn

Verify suhavotems mood y for hurn

Report status to Tug (4wrations center

Coast operations	 1

(11tIGINAL PAGE IS A-12
OP PUOR QUALITY

r



Table 11. Avionics Tasks During Tug Flight, Contd

MIS41ON PHASE
	

AVIONICS TANKS

15.11	 In)ect Into Orbiter Rendezvous Provide all tgwranunal commatuis iutd monitor control thost , "Iug'payload
Orbit parameters that art , critical for misaii ri success

Altitude ut n late

Position and veloeitt update

Compute rendezvous orbit burn parameters

Maneuver to required attitude for ROI burn

Verify Tug subs%stums readv for 1`01 burn

Report rtatus to 'rug t4wratkins center

Perform ROI burn (main volume) 170 n. mi.

Position L velocity update

Sutionkeep, radar luck-en

Report status to nttasl..n ooutrul

Coast operations

13. 12 Orbiter Rendezvous with Tim Provide all .4m-rational uomm:nds and nttetltor/control those 'rua 1pavload
parameters that ar, critical for ntissitat suceese

Safe Tui;

Disarm main prol pulsion avat•m

Ihmq. profw•Ilants

Attittale update

Position K velocity mdse•

Ready Orbiter f..r rendezvous (0)

E:aUdAlsh communfcatlun between Tug & Orbiter

Establish Tug if. Orbiter RP command

Verity Orbiter has Tug's attitude control

Maneuver 'rug to rendezvous altitude

Stationkeep

Verify deployment adapter is ready to receive 'retie (0)

I)et• rmine range and riuigv rate (0)

Determine rendezvous intercept maneuver (0)

Compute burn parameters (0)

Maneuver Orbiter for pro per burn	 (0)

Verify Orbiter readiness for burn (0)

Perform hurn (0)

Coast, Hohmann transfer (0)

Corrections us nocessar y 	(0)

Verify safety status of Tug (0)

ORIGINALINAL pAGE
Orient Orbiter for final maneuvers (o)

0"	

1,
''WR QUALITY Perform final burn mmieuvers (0)

ti ationkeep

(	 (0) - Orbiter Task
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