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FOREWORD
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Space Administration's George C, Marshall Space Flight Center in accord-
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tion of NASA Contracting Officer Representative, Mr, James I, Newcomb,
and deputy COR, Mr, Maurice Singlcy,

The study results were developed auring 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)
Edward J, Beveridge Communications

Guidance, Navigation, & Control

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 Data Management Task C Leader
Bruce A, Gurney DMS
Lou A, Saye Checkout Task D Leader
James A, Burkhardt Instrumentation
Frank E, Jjarlett Simulation/Demonstration Task E Leader
Lee E, Bolt Cost/Programmatics

Norman E, Tipton
Eric Makela
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HECTION 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 s new/updated data becomes available, and 4) provide trace-
ability so that the impact of any requirement change on the other levels
of requirements can be quickly determined,

The approach shown in this volume is "top dowr.' l.e., from mission to
system to subsystem to component as follows: fifteen flight and growna
operationa: pha~es of the Tuy /Shuttle system are walvzed w o *~rmine
the general «vionics support fun.~tions that are ne .ded during each of the
mission p’ases and sub-phases. Fach of thes. general support functions
is then e'panded into specific avionics syst.m requirements, which are
then allo sated to the appropriate avionics subsystems.

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

This raport 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 stulies 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. Implementation 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,



T w—

T A

SECTION 2
APPLICABLE DOCUMENTS

The following documents comprise the sources for the avionics requirements of
Section 3,

1.

5.

6.

10,

11,

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

Baseline Space Tug System Requirements & Guidelines, MSFC 68M00039~1,
15 July 1974, Marshall Space Flight Center.

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

Baseline Space Tug Flight Operations, MSFC 68M00039-3, 15 July 1974,
Marshall Space Flight Cen‘er,

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

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

Shuttle System Ground Operations Plan, K-SM=-09, 18 December 1973,
Kemnedy Space Center,

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

Tug Operations and Payload Support Study, Vol, 3, Part 1 - Missicn and
Operations Analysis; SD73-8A-006~3, Contract NAS8-28876, Final Report,
5 March 1973,

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

Tug Fleet and Ground Operations Schedules and Controls, Data Exchange
Package, November 1974, Martin Marietta Corporation.



12,

13,

14,

15.

16.

Space Tug Avionics Definition Study, Data Exchange Package, November
1974, General Dynamics Convair Divigion,

Space Tug/Shuttle Int. -face Compatibility Study, Data Exchange Package,
November 1974, General Dynamics Convair Division,

0O0S/Tug Orbital Operations and Mission Support, Data Exchange Package,
November 1974, International Business Machines.

008/Tug Peyload Requirements Compatibility, Data Exchange Package,
November 1974, McDonnell Douglas Corporation,

Work Breakdown Structure and Dictionary for Space Tug Project, August
1974, General Dynamies Convair Division,
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SECTION 3
AVIONICS SYSTEM REQUIREMENTS
3.1 REQUIREMENTS ANALL SIS APPROACH

The avionics requirements that have been developed in this study, as well as those
identified in the applicable documents, have been compiled 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 func-
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 establisk the support required by the avionics system,
Figure 3-1 shows this unalysis, which resulted in 10 different categories of support
functions required of the avionics system, (The actral avionics tasks associated with
each phase are documented in Appendix A, )

The detailed functional requirements are grouped within their appropriate support
function as shown in Figure 3-1, Each 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 by 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 organizational approach provides the traceability of requirements from the oper-

ational phases and events to any level desired. Changes in requirements can be easily
assessed &8 to their impact on other levels of requirements,

3-1
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3.1,1 OPERATIONS CONCEPT, To assure that all of the avionics functional require-
ments have been included, it is necessary to identify all of the flight and ground opera-
tional phases, "his section describes those phases and the tasks or events to be accom-
plished within each phase,

Figure 3-2 shows the 15 major phases of the normal flight/ground operations, aborted
missions, mission control (ground), and DDTE/Production. The numbering system is
a countdown from 5 (post landing from a completed mission) to 1 (launch operations).
Six through 10 are DDTE /Production operations and are not included in the top level
requirements of this report, Blocks 11, 12, 13, and 14 are associated 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-rendezvous of the Tug with the Orbiter prior to entry, Compiled in 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 Tug is processed in its turnaround cycle from landing on the mission just
completed to its prelaunch readiness for the 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,

The same process accounts for the flight phases -- 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,

B THAU 10
DOTAE AND
PRODUCTION
(Nat Inchuded)
, r - -
2 — : . —— TUG/SPACE CRAFT/ i :“":’J:fu:’c‘:
oR / o{ ORBITERMATER i
LANDING By DErUnBME [*1 crartmate CHECKOUT | OPERATIONS
OPERATIONS & CHECKOUT L Ve Tug Function) _ |
L ) " 15 12
LAUNCH FLIGHT TUG FLIGHT e O ORBITER RETRIEVAL OF
OPERATIONS ASCENT OPEAATIONS TUG. ENTRY, LANDING
T
u:

13

ABORY

OPERATIONS

0

-MISSION

CONTROL
!

Figure 3-2, Space Tug Ground and Flight Operations
— Top Level Flow Diagram
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Table 3-1, Tug Operations! “Lases — Second Level Breakdown

LAUNCH OPERATIONS 5.

1, Launch Readiness Verification
& Cauntdown Vrop,
1.2 Load Propel'lants and Prossurants
1.0 Backout/Payload Changoout
1. JA Pad Abort
1.4 Close Cargo Bay Doors, ete, 6,
1.5 m Countdow 10

TUG/PAY LOADJORBITER MATE & C /O 9,

2.1 Install Tug/Pavicad in Orbiter

at OPF ™
2,2  Interface Verification
2,4 Tug Monitoring

TUG/SPACECRAFT MATE & C/O

3.1 Tug & Spacecraft hate

3,2 Load Tug Computer Flight Software
2,3 Docking /Ratrieval Simulation

4,4  Functional Interface Test (FIT)
3,5 Communication Verification

4,4 Communication Verification

9.7 stall Flight Baitery

% Connect Ordnance

L% Move to AFS Propellant Loading Bay 12,
.10 Partial Tug Prossurant Load

w11 Load APS Propellant

1,12 Install Payload in Cannister

1,13 Deliver Payload to Pad

HEFURBISH & CHECKOUT

4.1 Safe & Remove Unexpended Ordnance

4.2 Drain & Purge APS

4.3 Remove Flight Battery

4,4 Leak Chock Presr rant System

4.5 Leak Check w.'lnk

4.4 Leak Check LN Tank

4.7 Service Fuel Cdlls and Leak Check
Reactant System

4,5 Vent Remaining Pressurant

4.9 Separate Tug from Adapter

4,10 lug Visual Damage Inspection 13,

4,11 Clean Tug & Prepare to Move

4,12 Move into TPF Checkout Area

4,13 lIsolate Falled Hardware Causing
Mission Anomalles

L4 Scheduled Tug Pre-Maintenance Tests 14,
15 Scheduled Tug Malntenance anl
Woation 18,

4,16 Adapter Visual Damage inspection

4,17 Cloan & Prepare to Move Adapter

4,18 Move Adapter into TI'F C /O Area

4,19 Isolate Adapter Hardware Causing
Anomalies

4,20 Scheduled Adapter Maintenance Tests

4,21 Mate Tug with Adapter and Verify
Interfaces

4.22 Electrical Pre-Power Checks

4.23 Mechanical Alignment Verification

4.24 Apply Power to Tug

4,20 Load PCM Data Format

4,44 Calibrate Measurement System

4,27 Mate Tug with Kick State

4,28 Verify Interfaces

3-4

POST LANDING OPERATION

6.1 Safing and Purge

5.1 Safing and Pv.ge (RLTH)

B0 Safing and Purge (AOA/ATOY
5.2 Remove Tug/Spaceoraft

DT &K/ PROMCTION
(Not included in this mport)

ASCENT FLIGUT

1,1 Tug/SC Cuution & Waming
Monftor & Control

11,2 Tug/SC Predeployment Operation and
Chockout

"1 Rotate Tug/SC out of Payload Bay

L4 Perform Tug Final Activation and
Status Check

11,5 Attach RMS to T /Spaceeraft

11,6 Disconnect Umbiiteal & Adapter Latches

11,7 Separate Tug Spacecraft from Orbiter

11,8 Activate Tug ACS Thrusters

TUG RETRIEVAL, ENTRY, LANDING

12,1 Transfer Tug/SC Control to Orhiter

12,2 Command Tug to Preferred Orfentation
and Attitude

12,3 Safe Tug for Docking & Perform
Terminal Phase Final Maneuver

12,4 Dock RM# to Tug

12,5 Rotate Adapter & Activate Eloments
to Accept Tug

12,6 Mansuver Tug/8C Adapter

12,7 Remete Elee, Umbilical Puels

12,5 Safe Tug/SC for Stowage

12,9 hotate Tug into Payload Bay & Secure

12,10 Configure Tug/8C for Entry Flicht

12,11 Verl Tug/Status for Entry Flight

12,12 Tug/8C J&W Monitor and Control

ABORT

13,1 Propellant Dump Safing (RLTS)
13,2 Propellant Dump/Safing (AOA/ATO)
14,3 Verify Tug Safe for Retrieval

MISSION CONTROL

TUG FLIGHT OPERATIONS

16,1 Phasing Orbit Injection & Coast

15,2 Transfer Orbit Injection & Coast

15,3 Payload Operational Ocbit Injection
16,4 Deploy Payload

16,5 Injoct into Payload Target Phasing Orbit
15,6 Inject into Payload Target Rendezvous Orbit
16,7 Rendezvous with Payload Target

16,8 Dock with Payload

15,9 Inject into Return Transfer Orbhy Coast
15, 10 Inject into Return Phasing

15,11 Inject into Orbiter Rendezvous Oriit
16, 12 Orbiter Rendezvous with Tug




Therefore, the secondary level (and lower as they are developed) task definition within
nine operational phases represents the complete source of al' avionics (and other Tug
systems) requirements,

3,1,2 AVIONICS SUPPORT OF OPERATIONS, The specific support that the Tug
avionics system must provide in the conduct of the ground phases and in the execution
of the flight phases was analyzed and are documented in the tables of Appendix A,

Table 3-2 5 an example of this analysis showing the avionics support tasks during pre-
launch operations, The mission phase is block number 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 summary form

Table 3-2, Avionics Tasks During i.aunch Operations

MISSION PHASE . AVIONICS TASKS
1.1 Law «h Readiness Vorification Provide instrumentation and data managemoent capabilities w collect and
& Countdown Preparations lay all needed data for all avionie, strucwrzl, mechanical, propulsion,

thermal subsystems. Colleet and display data o payload /'mission
[specialist stations and o appropriate ground monitor and conrol stations,
Provide required soitware W interface with L,

1.2 toad all Propellant & Pressur- Provide instrumentation, data management and interface panels 10 monitor

ants into Tug and control operations including all safety functions, Provide interface with
LPE for prelaunch & countdown data display at approprinte ground cuntrol
stattons. Provide LPS interface software as required,

1.3 Backout/ Mayload Changeout Prov.de instrumentation & data management capability o place Tug systems
P L el in safe condition, verify accomplishment, and display data on Orbiter
ot " mission payload specialist panel and approprin te ground control panels,
func tional interface requirements 2
Includes providing il interface lines and panels w0 transmit data from Tug
are based on pavload changoout 3
o Orbiter and grouw locations. Vrovide reguirad softwae input to LPS,
occurring prior W attaining final SRl aafa: oMY Rt oo
two hour standby status and = : '

‘tarefore, prior W propellant

loading. The changeout room
is in place with an environmental

seal established between the room o
and O, xkin, and the payload w‘arcwd
bay dow : closed,

L

1.3A Pad Abort Provide instrumentation {l'!tfdlll management capability to successfully abort
mission without violating safety requirements. Provide instrumentation and
data management capability to monitor and con ol Tug propellant loading /
termination operations and display roquired data a: savload ‘mission specialist
station and ground control vtations, Inclules intertace panels ot Orbiter

mold line and aft bulkhead and all interconnecting lines,

' 4 Close Cargo Bay Doors Provide instrumentation, data management, interface pancls (Orbiter aft
. buis ead and mold line) and lines to me "tor Tug status during this and other
-2l: These are basically Orbiter sks )6 0 ro-launch and standby activity  Provide interface with LPS for
During these asks the function-
data display at sppropriate ground conti )l stations s well as caution and
a1 interfaces identifiad must be warning display at load /mission specialist el. Provide required inter-
maintained, but are not associa- et s P o :

ted with a discrete subtask, fase sobtware,

1.5 Final Countdown Provide instrumentation, data management, interface panels (Orbiter aft

. bulkhead and mold lines), and lines to monitor Tug status, Provide interface
with 1 ©8 for prelaunct % countdown data display at the appropriate ground
control station as well as caution and warning display at payload 'mission
specialist station, Provide required interface software.

3-5
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and range from providing informstion 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 func-
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 as summarized in Table 3-3 shows that many of the avionics
support tasks and functions recur throughout the different phases, '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 »gplicable 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 which they apply.

Each functional requirement is further allocated to the six avionics subsystems, The
characteristics associated with each of the functional requirements are detailed under
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 Tug, "
Collectively, these three tables quantify all of the Tug avionics system interfaces,
Following each of the tables are footrotes explaini g (ne source of the data and deri-
vation of the values given,

3-6



Table 3-3, Avionics Support Functions

_MISHION PHASE

POST LANDING OPERATIONS

REFURBISH & CHFCKOUT

TUG/SPACECRAFT MATE
AND CHECKOUT

rUG/SPACECRAFT/ORGZITER
MATE & CHECKOUT

LAUNCH OPERATIONS

ASCENT FLIGHT

ABORY

TUG FLIGHT OPERATIONS

TUG RETRIEVAL, ENTRY,
LANDING

AVIONICS BUPPORT FUNCTIONS
PER MISSION PHASE

Safety

Checkout: Status Check

Interfaces: Tug/CGround ; Tug Spmeecraft;
Tug/Shuttle

Safety

Chockout: Calibration, Initialization
Functional Test

Interface: Tug/Ground

Safety

Checkout: Status Checks

RF Communicatior

Interfacer . Tug/Spacecraft;
Tug/ Uround

Operations Control & Sequencing

Safety
Checkout: Status Check
Operations Control & Sequencing

AVIONICS SUPPORT FUNCTIONS

Interfaces: Tug Shuttle: Tug/Ground

Safety

Checkout: Status Check

Operations Control & Sequencing
Interfaces: Vug/*! sttle; Tug/Ground

Safety
Checkout: Status Check: Calibration
Inivalization

Ope-ations Control & Sequencing
RF Communications

Attitude Control

Electrical Power

Interfaces: Tug/Shuttle:. Tug ‘Spaceeralt

Safety

Checkout: Stuus Check

Operations Control & Sec aencing
Attitude Control

RI" Communications

Interface: Tug/Shuttle: Tug/Spacecraft

Trajectory Control: Navigation: Guidanece;
Flight Conta 21

Attitude Control: Coast; Mancuvering

Operations Control & Sequencing

RF Comivunicat’ ns

Rendezv:s « Docking

Saf

Checkout: Status Check; Maintenance
Support

Interface: Tug/Spacecraft

Electrical Power

Reliability

Safety

Checkout: Status Check

Attitude Control

Operations Control & Sequencing

R¥ Communications

Interface: Tug/Spacecraft; Tug Shuttle

3-7
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SAFETY
RELIABILITY

OPERATIONS CONTROL
& SEQUENCING

R¥ COMMUNICATIONS
RENDEZVOS & DOCKING
CHECROUT

INTERFACES
ELECTRICAL POWER
IRAJECTORY CONTROL

ATTITUDE CONTROL
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FOOTNOTES TO TABLE 3-13

a2,

13,

20.

21

Power changeover |8 accomplished during the final counwdown from ground supplicd power. Ref. Table 16.

To completely checkout the vehicle during verification and countdown preps, several programs will be losded
o the Tug sccounting for 15,000 words of uplink. During the remainder of the launch operations 105 of
maximum uplink data s used.,

An 8=bit data word size (byte) is chosen for both uplink and downlink word sites because this is the standard
interface word vize Jor mos! state-of - the-art computers.

A high rate wora uplink rrie of 400 words per second is chosen W allow the loading of an 800 word program in 2

soconds, This rate will allow reasonable machine response time for most test soquences.
-

The number of s-bit words is derived as follows:

Line replaceable unite * average system redundancy = | 6-bit signals per LRLU * conversion o
#=bit words *+ basio wlemetry list -~ total downlink Het, 40 » 2 » 2 * 2 + 130 - 450 8-bit words

Al signals are Interrogated during the loading of propellants and pressurants since the changing of the vehicle
ot Aronment from amblent o cryogenic conditions stresses the avionics more than any other prelaunch sotivity.

The word rate of 1800 words |s derived as follows:

High rate avionios 320 LRU signals = 20% sampling rate » 20 He = 1280
Low rate avioniom 320 LRU signals * 80T sampling rate » | Hz ~ 286
TLM: 130 basic rate » 2 Mz 260
Total 8-bit words sec 1798

As stated in (5) when all signals are interrogated the highest rales are required during prelaunch propellant
loadings.

During 2.2 all interface wires are to be “rung-out”,

"his number of wordas |s chosen w sufficiently verify the uplink.

The highos' operating uplink rate (s chosen to verify the uplink (o ther than computer main memory loading).
During 2,2 all interface wires are o be "rung-out”,

This number of words |8 chosen W sufficiently checkout the downlink,

The highest operating downlink rate 18 chosen to verily the downlink (other than computer main memory loading).
Cantrol safing override operations from the Shuttle,

Al safety and other commands will be through the digital uplink,

Maintain an uplink rate o allow responsive control of venting and dumping valves,

Safety functions are monitwred independeni of the digital downlink 1o assure crew safety in the cocurrance of &
digial fallure,

s pumber of 28 8«bit words is derived as follows:
f Bubsystems » 2 words per subsystem * 2 average system redundancy - 24 8=bit words for downlink

The low rate word rate 18 derived from S-bit words * sampling rate » Hz

24 < 2000 ~ 20 100

24 > 8O ¥ 1 20

Total low rate downlink 8-bit words /sec 120
“he power value represents the sum of the worst case power ~onsumed during any part of the ascent phase.
These commands represent the release sequence from the Shuttle,

The rate of 400 words per second I8 required to satisfy the Tug navigation update. Thqlnuuumx

a, Time sync 0 1 millisecond accuracy covering 24 hours of time span (48 bits).
b. Three by three (% words) matrix of 18<bit velocity update,

Same as footnote 10,
Same as footnote 11,

A medium rate of 800 words per second downlink I8 used for medium Tug asctivity and i defined as the mid-
point between the high and low downlink rates (see footnotes 6 and 18), :

“wring Tug retrieval, entry, landing and abort the power consumption is low since the GN&C, propulsion system
and electrieal power system (s off,
3-16



; |

.,

| _

| _

. _ v ¥ . w ‘ ' '

- N A Vo ¥ /N

s | . < 61 T'= i @ .Hlo.

. . < eny e - et

. N M . B _ . : B
. e s " eeet LR ‘e H L oont
v s s .t ur : " o5t
i v v sout acy " s0st
v s s P vor o oust
e s v P o o sust

¥
v s v ™ s N " boust
=3 | Guom | sueom Sis Ton | ||IEII|..!|.._ 338 | GEOm | SUuom
wisua sim soom | sum soom | 4008 | susom s
T e o) TVRNOD
Avireg WO.LINOR SALVIS MOl | JLTEONG avuma
WOLLOwAL
As3svs
DAL woud 20404

sitowaamnboy 20vlMu] 1091q10/Sn souolAY  "ST-€ J[qEL




oW W (odpe ) 5/ BN sajEsmil T

™

2 ogrisesnf| 88§ LIRRELNY
-f_‘g-g e & sece

e $8aceee
&R
esee
L.

]

deyg peoping po e g ey Ssed 01

-
P
.

| asa.
| seels
’ -

A LR

Solommall gl o® preRaed| es 8 SRRENNNY

_ | sssls
L

L e e R e e L

el ey doalupy ptesss G2

PoU] WRatesaly 3n) REatg 01T

e ———



=

IHIE

i<

i §

E

E

S opsereaed] 88 8 SRRERRRNE| BAf

i ﬁ o -
% 3858388 | 84 § SEEEEEEEN| mng

L !gutun

1IN P

Ran | S

l—n
| sss] g

7 anﬂl!

—
il

e  — EFS

i T o=
z




FOOTNOTES TO TABLE 3-14

1. The Tug shall issue discrete commards to control payload equipmoant,

2, A payloaa serial command link is required for GSE prelaunch and Orbiter
predeploymeant testing.

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

4, Tke Tug shall monitor payload environment as follows:

a, 3/accelerations
b. 3/temperatures
¢. 3/pressurcs

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

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

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

B.} Existing payload requirements included in new payload requirements,

9.

10, The Tug shall provide cabling for 30 hardwired caution and waining 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, 14, 15, 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.

8.

T

10,

11,

12.

13,

14,

15,

16,

117,

18,

23.

21.

az.

Power changeover is acoomplished during the final countdown from ground supplied power, See Table 16,

Te completely cheekout the vehi~le during verilication and countdown props, several programs will be loaded into
the Tug accounting for 18, 000 words of uplink., During the remainder of the launch operations 109 of maximum
up't.k data (s used,

An #-bit data word size (byte) is chosen for both uplink and downlink word sizes because this is the standard
interface word size for most state-of - the-art computers.

A high rate word wplink rate of 400 words per second is chosen to allow the loading of an %00 word program in
1 seconds, This rate will allow reasonable n achine response time for most test soquences,

The number of S=bit words (s same as given in Table 22,

The word rate of 15800 words is same as ¢ ven in Table 22,

During 2.2 all interface wires are o be “rung-out”,

This number of words (s chosen o sufficiently verify the uplink.

The highest operating uplink rate is chosen to verify the uplink (other than computer main memory loading).
During 2. 2 all interface wires are o be "rung=out”,

This number of words is chosen 10 sufficiently checkout the downlink.

The highest operating downlink rate is chosen W verify the downlink (other than computer main memory loading).

The partal load of Tug pressur--s and loaoi~g of APS propellant necessittes the possible use of backup safety
discrete commands,

The Tug spacecraft .nate and checkout has a wide range of wsks throughout (18 sublasks the largest of which is
loading the Tug main memory in terms of words and bit rates,

The word size s the same as the standard byte oriented machine except for loading the Tug memory in 3, 2 where
the 32-bit computer word size is assumed,

I'his operation is the same as Footnote 4 except the uplink rate is chosen to allow computer loading in | minute
via epecial hardware,

Safety manitor functions are used during pressurant load and AI'S propellant load,

The largest block of words for downlink in this section is the computer load echo check where the entire loaded
memory {8 transmitted to ground for a bit=for-bit comparison,

The standard S«bit byte applies for these sections except for computer echo checking for computer loading and TV
where 4=bits allow for up o 16 gray code selections,

The largest item here is the 45,000 BPS rate imposed by the docking/retrieval simulation where the TV signals
must be evaluated through ground hardware,

These =ignals are necessary to cor'rol all .+ pressurants and cryogenic control valves that may be manipulated
during tank refuroishment,

Same as Footnotes 2 and 14,
Same as Footnote 15,

These signals are necessary o monitor all the pressurants and eryagenic conditions that may be a safety hazard
dur ng Tug refurbishment,

Thus signals are used to establish the condition of all the Tug components during refurbishment,
Same as Foo' .ote 6.

The deployment adapter valve interface control will be verified during this sequence,

Same as Footnote 27.

Control safing operawons from the ground,

Maintain an uplink rate to allow responsive control of venting and dumpling valves,

The number of 8-bit words is same as given in Table 22,

The low rate word rate of 120 words per sccond is same as given in Table 22,

lbaféaﬁudioouwdnmmurqurdbuudyhh;-n‘unwh.
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APPENDIX A

AVIONICS SUPPORT TASKS
WITHIN OPERATIONAL PHASES



Table 1. Avionics Tasks During Launch Operations

AVIONICS TASKS

1.1 Launch Readiness Verification
& Countdown Preparations

1.2 Load all Preellant & Pressur-
ants into Tuy

1.3 Backout/Payload Changeout

Note: Payload changeout tasks and
functional interface requirements
are based on payload changeoul
occurring prior W attaining final
two hour standby status and
therefore, prior o propellant
loading. The changeout room
is in place with an environmental

seal established botween the room
and Orbiter skin, and the payload

bay doors are closed,

1.3A Pad Abort

1.4 Close Cargo Bay Doors

Note: These are basically Orbiter tasks

During these tasks the function-
al interfaces idendfied must be
maintained, but are not associa-
ted with a discrete subtask.

1.5 Final Countdown

instrumentation and duta management capabilities w collect and
y all needed data for all avionic, structw al, mechanical, propulsion,
thermal subsystems, Collect and display data o payload/mission
alist stations and to appropriate ground monitor and control stations,
Provide required soitware o interface with LPS,

Provide instrumentation, data management and (nterface panels to monitor

control operations including all safety functions. Provide interface with
LPS for prelaunch & countdown data display at appropriate ground control
stations, Provide LPS interface software as required,

Provide instrumentation & data management capability to place Tug systems
in safe condition, verify accomplishment, and display data on Orbiter
mission/payload specialist panel and appropri te ground control panels,
Includes providing all interface lines and panels o transmit data from Tug
to Orbiter and ground locations, Provide required software input o LPS,
Monitor safety eritical functions,

Provide instrumentation and data management capability o successfully abort
mission without violating safety requirements, Provide instrumentation and
data manag. ont capability to monitor and control Tug propellant loading/
terminestion operations and display required data at payload / mission specialist
station and ground control stations, Includes Interface panels at Orbiter

mold line and aft bulkhead and all interconnecting lines,

Provide instrumentation, data management, interface panels (Orbiter aft
bulkhead and mold line) and lines to monitor Tug status during this and other
Orbiter pre-launch and standby activity, Provide interface with LPS for
data display at appropriate ground control stations as well as caution and
warning display at payload/mission specialist panel. Provide required inter-
face software,

Provide instrumentation, data management, interface panels (Orbiter aft
bulkhead and mold lines), and lines to monitor Tug status. Provide interface
with LPS for prelaunch & countdown data display at the appropriate ground
control station as well as caution and warning display at payload /mission

specialist station.  Provide required interface software,
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Table 2, Avionics Tasks During Tug/Spacecraft/Orbiter Mate

MISSION PHASE

AVIONICS TASKS

2.1 Wmswll Tug & Payload in Orbiter

2.2 Verify all Tug/Shuttle Interfaces

2.3 Tug Monitoring

All svstems elther wurned off or in power down mode, Instrumentation and
DMS system will monitor safety functions. Provide instrumentation and

data management capability to verify Tug payload interfaces, Monitor safety
functions,

Provide instrumentation and data management capability o verify appro-
priate structural, fluid and avionic interfaces, Monitor safety functions,

Provide instrumentation and data management capability o collect and dis-
play eritical safety and warning parameters at a location external 1o the
Orbiter payload bay. This location should be one of the MLP rooms with
available access during all Shuttle buildup and transport operations. During
Orbiter tow from OPF o VAB data could be displayed at payload/mission
specialist station, Instrumentation for data gathering should be normal
flight instrumentation, All non=flight {tems mus' be located such that pay-
load bay access is not required,

Table 3, Avionics Tasks During Tug/Spacecraft Mate & Checkout

MISSION PHASE

AVIONICS TASKS

3.1 Mechanically Mate the Spacecraft
to the Tug

3.2 Load and Verify Computer Flight
Software

3.3 Verify Docking/Retrieval
Capubility

3.4 Functionally Verify all Tug /Kick
Stage /Spacecraft Interfaces

3.5 Spacecraft o STON/TDRSS/SCF
Communication Verification
{Open Leop)

3.6 Payload to Orbiter Communi-
cations Verification (Open Loop)

3.7 Install Flight Battery

3,8 Connect Ordnance and Verify Safe

3.9 Movo to APS Propellant
Loacing Day

3,10 Partial Tug Pressurant Load
3.11 Load APS, Leak Check & Secure
3.12 Install Payload in Canister

3.13 Deliver Payload (Tug and
Spacecraft) to Pad

Provide avionic interfaces between Tug and Spacecraflt and verify.

Load Tug computer flight program via LPS and verify proper response.

Verify docking/retrieval mechanism functions,

Verify single point ground and bus isolation, To the maximum extent
possible, exercise all Tug/Kick Stage /Spacecraft systems through the
mission profile (1iftoff thru 8/C separation) using the MSS/PSS flight hard-
ware, Data will be monitored and compared to establish eriteria for go,
no-go conditions. All ordnance functions and separation latches will be
monitored for propor event occurrence,

Verify the payload uplink and downlink to each segment's controller ground
station,

Verify RF compatibility between the Orbiter and Tug communications
systems, After RY lock=-on between Tug and Orbiter perform all mission
communication routines, All normal con mands and proper responses will
be verified,

Install battery and connect to distribution system, Verify interfaces.

Varify no current at each ordnance connector with power on/off, connect
ordnance interface connectors, Verify ordnance items in safe configuration,

None,

Monitor Operation,
Monitor Cperation.
Change umbilicals,
Monitor Operations.




Table 4, Avionics Tasks During Refurbish and Checkout

MISSION PHASE

AVIONICS TASKS

4.1 Safe and Remove Unexpended
Ordnance

4.2 Drain and Purge APS

4.3 Remove Flight Batteries for
Refurbishment

w4 Verify Integrity of Pressurization

System
4.5 Verily I.O’ System Integrity

4.6 Verify l..ll’ System Integrity

4,7 Service Fuel Cells for Deactiva~
tion, Drain H_O and "eak Check

System .

4.8 Vent Remaining Pressurant

4.9 Separate Tug from Adapter

4,10 Post Flight Visusl nspection of

Designated areas for Mlight and/
or Handling Damage

4.11 Clean Tug & Prepare to Move

4,12 Move Tug to Clera Area for
Maintnance & Caeckout

4.13 lsclate Failed Hardwa' ¢ Causing

Mission Anomalics

4. 14 Schoduled Tug Pre-Maintenance

Tests

4.15 Scheduled Tug Maintenance &
Modification

4,16 Adapter Visual Damage
Inspection

4,17 Clean and Prepare to Move Adapler

4.18 Move Adapter into FPF Checkout

Aren

4.19 lIsolate Adapter Hardware Causing

Anomalies

4,20 Scheduled Adapter Maintenance
Tests

4.21 Mate Tug With Adapter and
Verify Interfaces

Use flight instrumentation { available,

Use flight  natrumentation,

Provide battery access w disconnect flight battery from Tug power system,
Use Might instrumentation,

Use flight instrumentation,

Use fligh* instrumentation,

Connoet fuel cell servicing GSE, drain HgO from sysiem, purge fuel cells
W remove molsture and loek up with a blanket pressure of 19 +1 psia,
Stabilize pressure for 30 minutes, Leak check (deeay) system for 30 min,
Vent system to 19 +1 psia and lock up.

Use fight instrumentation,

Provide urbilical disconnects, Use flight instrumentation,

Provide access doors to visually inspect components, subsystoms,

Provide acoess o clean avionics svstem components, umbilical, harness.

None,

Using flight performance data as an information source, stimulate suspected
systems /components with GSE and isolate analomous performance to re-
placeable LRUs, Tag discrepant units for replacement,

Install checkout GSE, perform measurer.ont systems ond W end calibra-
ton,

Perform non destractive testing on components, subsystems and harness
as required by operating time/life eycle requirements and/or manufacturers
specifications,

Provide access doors to Inspect component, subsystems and harness.

Provide access to clean components, subsystems and harness,

None,

Using flight data as an information source, stimulate suspectad adapter
systems and troubleshoot as required w accomplish isolation of components
(LRU) which have ciused anomalies on the previous mission,

Install checkout GSE, and perform mcasurement systems end to end cali-
bration. Perform non-destructive testing on components, subsystems and
harmess as required by operating time/life cycle requirements and/or
manufacturers specification,

Position adapter for mating with Tug, move Tug wor’ stanZ platforms to

accommods - ~Asoter, mate and verify electrical svem interfaces.
Also verify contnuisy, ««.sey wee sesesunval interfaces,
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Table 4, Avionics Tasks During Refurbish and Checkout, Contd

AVIONIKCS TASKS

4.27 Electrical Pre-Power Checks

4.23 Mechanical Alignment
Verification

4.24 Apply Power To Tug

4.25 Load PCM Data Format

4.28 Calibrate Measurement System

4,27 Mate Tug with Kick Stage

4.28 Verify Intorfaces

4.29 Load & Verify Computer Software

4.30 System Health Evaluation

4,31 Install Ordnance

Verily single point ground, cannect GSE and verify bus isolation,

Verify mechanical alignment of mgine o Tug, deployment adapter 1o Tug,
8/C adapter o Tug and guildance companent platform o Tuy,

Energize Tug subsystems for downsiream tosting and verify power quality,
Apply ground power to Tug & utilize the LIPS 1o switch on/off each sub=
systom, LIPS to monitor powar bus for nolse and ripple and compare with
a pro-established eriteria, Verify Tug Spaceeralt interface distribution,

Mission peculiar data format to be loaded into LPS and transfer w on=
board computer, Verify compatibility betwoen Tug computer and ground
control,

Utilize the LPS/ Tug computers w stimulate end instruments for a cali-
bration at a minimum of three voltage lovels,

Provide avionics interfaces | ul umbilical connections,

Verify signal continuity across Tug/Kick Stage Interface and Kick Stage
power activation, Verifly correct pin=to-pin conti nuity and power distri-
bution, Utilize the LIS o command signals across Tug/Kick Stage Inter=-
face and verify response,

Utilize the LPS to load the Tug computer with mission poculiar tost software,

Verify Tug subsystem performance s in accordance with established go/
no-ge eriterin, With the Tug or Tug ‘Kick Stage in o simulated flight posture,
ordnunce function monitored via spocial cabling, command the Tug/Kick
Stage through the normal made of operaton, All commandable backup re-
dundancy mades will be exercised, All time eritical sequences will be
verified, Selected data points will be monitored W compare with pre=-
established trend data,

Verily Interfaces.

Table 5. Avionics Tasks During Post Landing Operations

MISSION PHASE

AVIONICS TASKS

5.1 Safing and Purge

5.1a Safing & Purge (Abort & RLTS)

5.1b Safing & Purge (Abort AOA/ATO)

5.2 Remove Tug/Spacecraft from
Orbiter,

Provide instrumentation and data management capability to moniwr/eontrol
all subsystems untl all safety requirements have boen verified. Display
power, veni, pressure and purge data at payload /mission specialists
station, Monitor safety functions,

Provide instrumentation and data management capability to monitor/ontrol
all subsystems until all safety requirements have been verified, Display
venl, pressure, power and purg. gas data at payload/mission spocialists
station, Monitor safety functions,

Provide instrumentation and data management capability to monitor/eontrol
all subsystems until all safety requirements have been verified. Display,
power, pressure, vent and purge data at payload/mission specialists station,
Monitor safety functions,

Monitor safety eritical functions on Tug and Spacecraft. Provide instru-
mentation capability to monitor tank and insulation condition at payload/
mission specialists station during this task, Provide avionics interface
disconnect panel/receptacles for all Tug /Shuttle avionics interface con-

nections,

A-4




Table 4, Avionics Tasks During DDT&E and Production

MISSION PHASE

AVIONICE TASKS

6 thry  Avionies Requirements During
10 DDTEE & Production

No requirements have “et boen developed for these phasos.

Table 7. Avionics Tasks During Ascent Flight

AVIONICS TASKS

11.1 Perform Tug/Spacecraft Caution
& Warning, Monitor & Control
Functions

11.2 Perform Tug/Spaec--raft Operation
& Checkout Prior W Deployment of
Tug/Spacecraflt from Orbiter

11,3 Rotate Tug & Spacecraft Out of
Orbiter Payload Bay

Provide instrumentation data management & communication capabllites
o display required information at MSS/PSS station, 1w flight crew and w0
ground stations.

® VProvide control & monitoring capability w automatioally
perform following functions at Orbiter ignition:

Close LHg and LOg tank vent valves
Terminate helium purge
Open purge bag vent valves

® Manual override capability provided from Orbiter crew compartment
C&W panel.

¢ Provide C&W monltor and control panel in crew compartment and at
MES/PSS sations,  This panel will be interconnectod with other dis-
plays and controls, aural alarm & (Muminasted talkback, In addition,
provide C&W data o be transmitted through Orblwr communication
system o ground swations & ground controllers,

® Provide electrical power,
¢ Provide capability W record C&AW data and Tug Might performance data.

® Provide control & moniloring eapability W sulomatically open Lig &
LOg tank vent valves at~ 200 see or » 300, 000 ft altitude,

® Provide controls o activate zero=g vent systems and close positive g
vent valves,

e Provide instrumentation, data management and communication
capabilitics to display required information and MSS/PS8, w flight
erew and to ground stations,

¢ Provide through Orbiter communication system authority o receive
command data & transmit status data from to ground stations,

¢ In Tug DMS, provide program to perform predeployment activation and
checkout,

o Provide communieation link o Orbiter W receive ground command to
initiate programmed Tug predi sloyment activation & checkout,

*  Provide hardwire link from Orbiter through Tug to Spacecraft to initiate
activation and checkout of Spacecraft subsystems,

*  Provide hardwire link w transmit status data from Spacecraft through
Tug to Orbiter,

+  Provide indication for Tug/Spacecraft systems in go status for deploy-
ment, (No-go status results in abort condition, see Block 12, 2).

* Provide, monitor and control all operational commands, Including
status to MSS/PSS Stations,

¢  Maonitor safety critical (tems,

¢ Provide controls to inivate and operate drive mechanism,

s  Provide ins’rumentation and DMS display capability o verify status,

*  Provide communication link to transmit status information o Orbiter
communication for relay of data W grouna ontrolisrs,

* Maintain programmed orfentation & attitude during deploym st operations,
*  Provide electrical power
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Table 7. Avionics Tasks During Ascent Flight, Contd

AVIONICS TASKS

11,4 Perform Final Tug Activation
and Stas Checks

11,5 Attach RMS to Tug/Spacocrall

11.6 Disconnect Umbilicals & Adapter
Latches in Anticipation of Tug/

Spacecraft Separatic; ) rom Orbiter

11,7 Separate Tug/Spacecraft from
Orbiter

11,8 Activate Tug ACS Throsiers

*  Provide, monitor & control all operational commands w0 verify status
of all Tug ‘Spacecraft subsvytems and displuy data at MSS/PSS stations,
Monitor safety eritical funcdons,

. Mumuomuwu-mmwn,uo,.
*  Provide controls w disable zero-g vent devices,

*  Provide controls to activate fuel cell & changeover power from Orbiter
to internal.

¢ Provide data link to update GEN state veetor,

¢ Provide RF link for Tug 0 communicate with Orbiter after umbilical
panel disoonnect, ‘

*  Provide instiumentation, DMS, data link w verify Tug readinces and
commit W deploy, Tug computer pragram o gorform verification on
command from ground controller or Orbiter crew,

¢ Provide volce and data uplink for ground controller o verily Tug/
Spacecralt commit o deploy,

.M“Im to monitor attachment of RMS and subsequent deployment

operations, Monitor oll safety eritical functions,

Prudde, monitor and control all operational commands, Maonitor all safety
functins, Provide controls W initlate retracting umbilical panels and de-
mating of Tug from adapter, Provide instrumentation and DME link W moni-
tor demating and release operations from MSE display and also at ground
controller station,

* Provide, monitor and control all operational commands, Monitor all
safety functons,

* Provide capability to visually monitor from MSS panel as in 11,8,

¢ Provide instrumentation, DMS and communieation to transmit Tug
status data to Orbiter for monitor and control,

* Provide control, data link to enable /{8
* Provide instrumentation, DMS and data link 0 monitor and control
Tug operation and performance at ground station through Orbiter

Provide controls, communication subsystem, and data links to receive com-
mand and send signal to ACS subsystem 1o energize ACE thruster propellant
control valves,
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Table 8, Avionics Tasks During Orbiter Retrieval of Tug, Entry, Landing

MISSION PHASE

AVIONICS TASKS

12.1 Transfer Tug/Spacecraft Control
from Ground Controller w
Orbiter Crew

12,2 Command Tvwy to Preferred
Orientation & Attitude

12,3 Safe Tug for Docking & Perform
TP¥ Maneuver

12,4 Dock RMS to Tug

12.5 Rotate Adapter & Activate
Elements to Accept Tug

12,6 Maneuver Tug/Spacecraft into
Adapter

12.7 Remate Electrical Umbilical
Panels

Retricval by Orblwr is based on the following guidelines

* Spacecrafl is inert and cafed with all appendages retracted into
Ao ed positon,

* Tug MPS has been safed, All propellants other than F PR, have
been expended prior W recder vous maneuvers by Orbiter,

* Tug active subsystoms are communication, DMS, G&N and ACS,
Provide communication sysiym compatible with AFSCF and STDN networks.
Provide RF compatiblitty with Orbiter and ground stations,

Provide transponder compatible with O, slter radar for rendezvous,

Provide communieation, DME and flight control to receive commands and
compute signals for ACS,

Provide instrumentation, DME gnd data link ‘o transmit status data W
' “hiter,

Provide instrumentation, DMS and communication subsystems to verify
status and safety of Tug/Spacccraft. Transmit measurements, excitation

and commands to other subsystems, Transmit statuz and ¢ oty deta 1o
Orbiter,

Provide G&N, DMS & flight control to maintain commanded orientation and
attitude,

Perform controls to deactivate transponder at direcdon of Orbiter,

Provide ACS, communication link to receive Orbiter commands & execute,
Transmit status to preferred docking attitude,

Provide controls to transmit commands 1o ACS to stabil'ze Tug/Spacecraft
for mating with RMS,

Shutdown ACPS,

Provide RF communication link and controls to deactivate guidance and
navigation and flight control subsyetsms.

Provide RY communication link and control v safo ACPS,

Provide controls and instrumentation o perform adapter readiness func-
tions:

Umbilical panels in retracted position,

Tug-adapter latches (n retracted position,

Power available to drive mechanism,
Provide controls and instrumentation to rotate deployment adapter to
position for sccepting Tug Spacoecraft,
Re'ay status to ground station,
Provide instrumentation and communication for Orbiter erew to monitor
and control Tug safety status.
Relay status to ground s*ation.

Provide control capability to activate Tug-to-adapter latches.

Monitor status of latch operat! ns,

Provide controls & instrumentation to activate & monitor umbilical remate.
Provide necessary power.

Relay status to ground control.
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Table 8, /Avionics Tasks During Orbiter Retrieval of Tuyg, Entry, Landing, Contd

AVIONICS TASKS

12,5 Safe Tug/Spacecraft for Stowage

12,9 Retract Tug into Payload Bay
an' Recure

12,10 Configure Tug/Spacecraft fur
Fotry Flight & Remate Fluld
! mbilicals

12,11 Verify Tug/Spacecraft Status

12,12 Tug/Spacocraft CEW Manitor
and Contro!

LulNAL PAGE IS
OF POOR QUALITY

Provide transfer switeh from Tug power o Orbiter power,
Provide for deactivation of fuel cell power system,
Provide controls to safe all Tug subsystems,

Monitor Tug status and relay to ground station,

Provide ecentrols and power 1o activate and operate adapter rotation drive,

Provide instrumentation and DMS display capability to verify status of
ditve mechanism,

Provide communieation link to transmil status to ground station,
Provide controls ana sensing system for maintaining pressure in main
propellant tanks and purge bags.

Display status at MSS/PSS,

Relay status to ground stations,

Provide program to purge MPE liquid hydrogen tank and lines.

Provide Instrumentation (o monitor Tug subsy stem status,

Provide instrumentation and hardwire CLW monitor and eontrol for
Orbiter erew safety,

Transmit swatus data to ground control and recelve confirmatic | of Tug/
Spacecraft safe condition.

Provide instrumentation & hardwire C&W monitor & control for Orbiter
crew safety,

Transmit status data to zround control and receive confirmation of Tug/
Spacecraft sale conditlon, *
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Table 9, Avionics Tasks During Abort Operations

AVIONICS TASKS

13,1 Propellant Dump/Safing
Operations (Return to
Launch Site)

13.2 Propellant Dump Safing Cperations
1Abart o Orbit/Abort once around)

12.2 Propellant Dump Safing Operations
(Continued!)

13,3 Abort Operations After Tug and
Spacecraft Have Been Deployed
Yrom Orbiter (also Verily Tug
Safe for Retrieval)

Configure subsystems and software W permit safe dumping of Tug/Space-
craft propellants & ¢ wfing of Tug/Spacecraft,

Provide automatic sequences for propellant dump after initiation of dump
procedure by Orbiter crew,

Provide program stored in Tug DMS to perform dump opem tion automatically,
Provide backup program in Ocbiter,

Provide instrumentation & lines to initiate & monitor dump progress.

Relay abort status data W ground station,

Provide electrical power,

Provide program w safely shutdown dump operation after receiving deple-
ton signal,

Provide backup program in Orbiter to safely terminate dump operations,
Provide ingtrumentation & data link to transmit status data to Orbiter,
Provide instrumentation, DMS and data lines to inert propellant system and
abort pressurization system,

Configure subsystems and activate software to perform propellant dump
operation and safing of Tug/Spaceeraft,

Provide data link to Orbiter, DMS, and data lines o subsystems o recelive
ground control command to terminate activation and C /O procedure,

Provid* DMS & data links o subsystems o passivate all subsystems
except IMS,

Provide instrumentation and data link to transmit status data to Orbiter,

Provide DMS and lines to initiate pressurization of propellant tanks.

Provide instrumentation, DME and lines to control dump process and tran -
mit Tug status data to Orbiter and relay to ground station,

Providy program to safely shutdown dump operation of LO, and LHy tw ks
after rocelpt of sensor signals,

Provide program to configure Tug propulsion system for return=-to-y -ound
mode,
Provide communication, DMS, G&EN, ACS to:

Establish RF communication link with Orbiter,

Stabilize and orient Tug/Spacecraft,

Ferform commande received from Orbiter,

Transmit status data to Orbiter including: main propulsion system
controls, lines and sensors to safe propellant tanks and pressuriza-
tHon system, and attitude control system to perform maneuvers and

stabilize Tug/Spaceeraft.

Table 10,

Avionics Tasks for Mission Control

MISSION PHASE

AVIONICS TAPKS

14, Avionics Requirements for
Mission Control

The avionics requirements for mission control are included in each of the
Operational Phases of the mission (Sections 1, 2, 3, 4, 5, 11, 12, 13, 15).
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Table 11,

Avionics Tasks During Tug Flight

MISSION PHASE

AVIONICS TASKS

15.1 Phasing Orbit Injection Mancuvers
& Coast (when Tug is clear of
! Orbiter)

15.2 Transfer Orbit Injection Mancuvers

and Coast

16,3 Payload Operational Orbit
Injection Maneuvers

15.4 Deploy Payload

“ORIGINAL PAGE IS
* OF POOR QUALITY

Provide all operational commands and manitor /control those Tug/payload
parameters that are oritical for mission success

Perform POl burn (main engine).

Orbiter monitor departure & perform on-orbit operations,

Positdon and velocity update,

Report status o Tug operations center,

Coast
Provide all operational commands and monitor /vontrol those Tug/payload
parameters that are critical for mission suocess:

Attitude update.

Position and velocity update,

Compute TOI burn parameters,

Maneuver W required attitude for TOI burn,

Verify subsystems ready for burn,

Report status W Tug operations center,

Perform TOI burm (main engine).

Coast, position and veloelty update,

Determine parameters for mideourse correction,

Maneuver W required attitude for correction burn,

Report statws w Tug operations conter,

Perform course correction burn (APS),

Position and veloeity update,

Report status to Tug operations center,

Coast operations,
Protide all operational commands and monitor/control those Tug/payload
parameters that are critical for mission success:

Attitude update,

Position and velocity update,

Compute orbit injection burn parameters,

Maneuver to required attitude for bum,

Verify subsystem ready for bum,

Report status to Tug operations center,

Perform O1 burn (main engines).

Position and velocity update,

Coast operations,
Provide all operational commands and monitor /control those Tug/payload
parameters that are critiecal isr mssion success:
Maneuver to required attitude for payload separation,
Verify payload ready for release.
Uncouple Paylosd/Tug umbilicals.
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Table 11, Avionics Tasks During Tug Flight, Contl

MISSION PHASE

AVIONICS TASKS

15.4 Deploy Payload (Cont'd)

15.5 Parload Target Phasing Orbit
! Mancuvers for Rendezvous with
! Payload (Payload Retrieval
Mission)

15.6 Inject into Payload Target
Rendezvous Orbit (Payload
Retrieval Mission)

15. 7 Rendezvous with Payload Target
(Pavioad Retrieval Mission)

ORIGINAL PAGE IS
. OF POOR QUALITY

Spir. up payload (If necessary),

Separate Tug from payvlead (APS),

Activate payload for proper operations.

Despin Tug spin up device,

Report status to Tug operations center,

Coast operations,
Provide all operational commands and monitor/control those Tug/payload
parameters that are eritieal for mission success:

Attitude update.

Position and velocity update,

Compute phasing orbit injection parameters.

Maneuver to required attitude for burn,

Verify subsystems ready for bum,

Report status to Tug operations center,

Perform phasing orbit burn,

Const operations,

Determine timing & parameters for mideourse correction,

Mancuver to required attitude for mideourse correction burn,

Roport status to Tug operations center,

Perform midcourse correction burn,

Coast operations, (Target is ahead)

Provide all operational commands and monitor ‘control those Tug/payioad
parameters that are eritic 4l for mission success:

Attitude update

Positional velocity update

Compute rendezvous, circularization parameters

Verify subsystems ready

Report status to Tug operations center

Perform rendezvous orbit burn
Provide all operational commuidz and monitor/control those Tug/payload
parameters that are critical for mission success:

Attitude update

Activate rendezvous radar aids

Orient Tug for target radar acjuisition & determine ranging data

Determine rendezvous burn parameters

Maneuver Tug to rendezvous burn attitude

Verify subsystems ready for burn

Report status to Tug Operations Center

Perform rendezvous burn

Coast operations

Activate and verify Tug Televieion

Activate & verify docking aids

Determine range and range rate
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Table 11, Avionics Tasks During Tug Flight, Contd

MISBION PHASE AVIUNICS TASKS
15,8 Dock with Payload (Payload Provide all operational commands and monitor /control those Tug/payload
Retrieval Mission) parameters that are critical for mission success,

Translatwe to docking poosition
Monitor docking on TV

Stow PL antenna, ete.

Passivate Payload

Confirm payload ready for docking
Maneuver to docking attitude

Spin up docking mechanism (Il necessary)
Close at contact veloelty (A PS)

Dock and a ‘tach payload

Despin docking mechanism

Switch paviow o Tug power

Safe payload

Vent excess pa;load consummables
Verify payload ready for return
Report status W Tug operations center
Coast operations

15,9 Inject into Return Transfer Orbit | Provide all operational commands and monitir /control those Tug/payload
and Const parameters that are eritdeal for mission success:

Attitude update

Position & velocity update

Compute TOI burn parameters

Maneuver o required attitude for burn

H Verify subsystoms ready for burn
Report status to Tug operations center

Perform TO! burn (main engine)

Update state vector

Determine parameters for mid-course correction
Mancuver to required attitude for correotion bum
Report status to Tug operations center

Perform course correction burn

Position and velocity update

Report status to Tug operations center

Coast operations

15,10 Wject into Return Phasing Provide all operational commands and monitor ‘control those Tug/payload
Orbit parameters that are eritical for mission success:
Attitude update

Position and velocity update

Compute phase orbit injection burn parameters
Maneuver to required attitude for POl burm
Verify subsysiems ready for burn

Report status to Tug operations center

Coast operations
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Table 11, Avionics Tasks During Tug Flight, Contd

AVIONICS TASKS

15,11 Inject into Orbiter Rendez vous
Orbit

15,12 Orbiter Rendezvous with Tug

Provide all operational commands and monitor ‘control those Tug/payload
parameters that are eritical for mission succoss:

Attitude update

Position and velocity update

Compute rendezvous orbit burn parameters
Maneuver o required attitude for ROI burn
Verify Tug subsystems ready for POI burn
Report rtatus o Tug operations center
Perform ROI burn (main engine) 170 n, mi.
Position & velocity update

Stationkecp, radar lock-on

Report status to mission control

Coast operations

Provide all operational commmds and monitor ‘control those Tug/payload
parameters that are critical for mission success:

Safe Tug

Disarm main propulsion system

Dump propellants

Attitude update

Position & velocity update

Ready Orbiter for rendezvous (0)

Establish communication between Tug & Orbiter
Establish Tug to Orbiter RF command

Verify Orbiter has Tug's attitude control
Maneuver Tug to rendezvous attitude
Stationkeep

Verify deployment adapter is ready to receive Tug (0)
Determine range and range rate (O)
Determine rendezvous intercept maneuver (Q)
Compute burn parameters (O)

Maneuver Orbiter for proper burn (O)

Verify Orbiter readiness for burn (0)
Perform burn (0)

Coast, Hohmann transfer (0)

Corrections as necessary (0)

Verify safety status of Tug (O)

Orient Orbiter for final maneuvers (O)
Perform final burn maneuvers (0)

Stationkeep

(O) = Orbiter Task
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