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VOLUME 2: SPACE PROJECTS OVERVIEW

2.1 INTRODUCTION

2.1.1 Contractual Background of Study

On June 10, 1981, NASA Marshall Space Flight Centexr (MSFC)
awarded a twelve month contract (NAS8-3438l) to the Space Systems
Laboratory and the Artificial Intelligence Laboratory of the
Massachusetts Institute of Technology, for a study entitled
"Space Applications of Automation, Robotics, and Machine Intelli-
gence Systems (ARAMIS)", Phase I. The Space Systems Laboratory
is part of the MIT Department of Aeronautics and Astronautics;
the Artificial Intelligence Laboratory is one of MIT's inter-
departmental laboratories. Work on the contract began on June
10, 1981, with a termination date for Phase I on June 9, 1982.

Following discussions between MIT and NASA MSFC, the con-
tract was expanded to include several additional tasks specifi-
cally concerned with structural assembly in space. This "struc-
tural assembly expansion" to the contract started on October 27,
1981, with a termination date also on June 9, 1982,

At NASA's request, separate progress reports were produced
for the original contract tasks (called the "main study") and for
the structural ascembly expainsion. Separate final reports were
also prepared, though some sections are identical in both.

This document is the final report for Phase I of the ARAMIS
main study. The final report for the structural assembly expan-
sion of this study is entitled "Automated Techniques for Large

2.1



Space Structures" (also contract number NAS8-34381),

The NASA MSFC Contracting Officer's Representative is Georg
F. von Tiesenhausen (205-453-2789). The MIT Principal Inves-
tigators are Professor Rene H. Miller (617-253~2263) and Professor
Marvin L. Minsky (617-253~5864). The MIT Study Manager is
David B.S. Smith (617-253-2298),

2.1.2 Organization of the Final Report

Volume 1 of the £inal report is the Executive Summary.

Volumes 2, 3, and 4 are roughly chronological, in the sense that
the data and results presented were developed in that order by

the study.

[4]

Volume 2: Space Projects Overview describes the space

project breakdowns, which are used to identify tasks ("functional
elements") which will be required by future space projects.

Volume 3: ARAMIS Overview gathers together the information

specifically related to automation, robotics, and machine intel-
ligence systems (ARAMIS). The volume starts with a general
discussion of ARAMIS and the organization of this field into
"topics." It then presents General Information Forms on

ARAMIS "capabilities" which are candidates to perform space

project tasks.

Volume 4: Application of ARAMIS Capabilities to Space

Project Functional Elements is the pivotal volume in the report,

since it deals with the relationships between the space project

tasks and the ARAMIS capabilities. Specifically, in Volume 4,

2.2



the lists of tasks generated in Volume 2,and the background know-
ledge on ARAMIS presented in Volume 3,arc combinced to define
"candidate ARAMIS capabilities" for each task. Volume 4 then
presents the evaluation of the relative merits of the various
candidates to perform the space project tasks, and the selection
of the promising options suggested for further study.

Thus Volumes 2 and 3 serve to some extent as preparatory
material and appendices to Volume 4, which contains most of the
complexities of the research effort. Therefore a complete de-
scription of the study's objectives and method is included in
Volume 4, while partial synopses of the study method appear in
Volumes 2 and 3, specirfically wxplaining the production of the
data in those volumes.

The study recipient who wishes to apply the rusults of this
study to a new space project will principally use Volume 4,
referring to Volume 2 to check further on the definition of a
space project task, and referring to Volume 3 for descriptions
of suggested candidate ARAMIS capabilities. In addition, Volume
3 is intended as a general introduction to the field of ARAMIS

and to its complex jargon.

2.1.3 Partial Synopsis of Study Method: Space Project Breakdowns

The overall ARAMIS study method is illustrated in schematic
form in Figure 2.l. The method concentrates on the production of
a matrix relating space project tasks (called "generic functional
elements"; on the vertical axis in the figure) to pieces of ARAMIS

(called "ARAMIS capabilities"; on the horizontal axis in the

2.3



GENERIC FUNCTIONAL ELEMENT/ARAMIS CAPABILITY MATRIX

ARAMIS STUDY METHOD:
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figure). The example in the figure shows that the generic func-
tional element "Position and Connect New Component" can be satis-—
fied by any of three ARAMIS capabilities: Specialized Manipulator,
Human in EVA with Tools, or Dextrous Manipulator. Note that g#nrah
ARAMIS capability by itself can satisfy the generic functional
element.

As illustrated in the figure, the generic functional elements
(GFE's) are generated from four space project breakdowns. The
choice of the space projects is described in Section 2.2. The
breakdown procedure is presented in Section 2.3. The collection
of the generic functional elements is described in Section 2.4.

The ARAMIS capabilities are generated by cecnsidering each
generic functional element in turn, and defining pieces of ARAMIS
capable of satisfying the element. These definitions are based
7. -ne general background knowledge and organization of ARAMIS

developed by this study. Volume 3: ARAMIS Overview describes

the methods used to research and organize the field of ARAMIS.

The checkmarks on the matrix grid in the figure are for
schematic presentation only. In actuality, each checkmark con-
sists of values of seven decision criteria, with commentary and
data sources, on the potential application of that ARAMIS capa-
bility to that generic functional element. These criteria are
defined and discussed in Section 4.6 (Volume 4).

The ARAMIS study uses a specialized nomenclature, partly
adopted from NASA and partly defined specifically for this study.

Table 2.1 defines this nomenclature, as well as some acronyms.

N
wn
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TABLE 2.1: ARAMIS STUDY NOMENCLATURE

ARAMIS - Automation, Robotics, and Machine Intelligence
Systems

FUNCTIONAL ELEMENT - A small piece of a space project
(examples: Open Access Panel, Open Supply Valve),
which can be satisfied by a single ARAMIS capability.

GENERIC FUNCTIONAL ELEMENT LIST (GFgZ LIST) - A list of all
the functional elements in the four space project
breakdowns; a functional element already collected
from a previous breakdown is not listed again.

ARAMIS TOPIC ~ A part of the overall field of ARAMIS (e.g.
Manipulators, Machine Vision Techniqgues, Computer
Architecture); the study group identified 28 such
topics (with considerable overlap between topics)
wh.."1 collectively cover ARAMIS.

ARAMIS CAPABILITY -~ A piece of ARAMIS (hardware and/or soft~-
ware) which can by itself satisfy a generic func-
tional element; each capability only involves a
small (manageable) part of the wide field of ARAMIS.

DECISION CRITERIA - Indices of the performance of an ARAMIS
capability applied to a generic functional element;
these indices are evaluated for each candidate
ARAMIS capability applied to each generic func-
tional element.

TECHNOLOGY TREES -~ Favorahle sequences of ARAMIS develop-
ment; { e. early R&D of certain capabilities en-
hances later K&D of other capabilities (e.g. prior
R&D of tactile sensors and microactuators benefits
the development of a dextrous manipulator).

CRITICAL ELEMENT/CAPABILITY (E/C) PAIR -~ An application of
an ARAMIS capability to a generic functional ele-
ment, feor which: the decision criteria values
are favorable; and/or the capabilities are impor-
tant in technology trees. This is therefore a
promising application of ARAMIS.

GSP - Gecostationary Platform

AXAF - Advanced Xray Astrophysics Facility
™S - Teleoperator Maneuvering System

SP - Space Platform




Most of the data management functions required by the study
method were implemented on a computer, for ease of access and
display of the information. The use of the computer in the

ARAMIS study is discussed in Appendix 4.F (V-lume 4).



2.2 CHOICE OF SPACE PROJECT! FOR STUDY

2.2,1 Criteria for Choice

Three criteria were applied Lo the selection of space
projects:

1) The space projects should span the years 1985-2000,
Given an arbitrary technology cutoff date 5 years before launch,
this corresponds to projects which have their design phases
between now and 1995. The near-term limit was chosen so that
study results might have immediate utility. The far-term limit
was chosen because the development of ARAMIS would be difficult
to predict beyond 1995.

2) The space projects should collectively include a wide
spectrum of tasks, both in space and on the ground. Therefore
if suitable ARAMIS capabilities could be defined to perform
these tasks, it was expected that these capabilities could per-
form the majority of the tasks required by NASA's projects in
the next twenty years.

3) The number and scope of the projects should be kept low
enough to keep the study minageable. Initial discussions suggested

that four or five projects would be a likely number.

2.2.2 Projects Selected for Breakdowns

In consultation with NASA MSFC, four space projects were
selected for study: the Geostationary Platform (GSP, a communi-
cations relay satellite); the Advanced X-ray Astrophysics Facility

(AXAF, an X-ray telescope spacecraft); the Teleoperator Maneuvering



System (TMS, a multipurpose free-flying satellite tender); and
the Space Platform (8P, a versatile platform for scientific and
space applications rescarch). They are sketched in Figure 2.2,
These projects were chosen to span the range of space activities
expected in the years 1985-2000: communications, astronomy,
satellite servicing and support, and science and applications
development. For detailed descriptions of these projects, the
reader is referred to the reports listed at the beginning of
each space project breakdown, in Appendix 2.A.

[Note: as mentioned in Section 2.1.1, this study also
included a structural assembly expansion. This research fo-
cused on the structural assembly of three projects: the Science
and Applicaticns Space Platform, the single-platform version of
the Geostationary Platform, and a large radio-frequency antenna.
These projects are described and broken down in the structural
assembly expansion's final report, "Automated Techniques for

Large Space Structures."]
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FIGURE 2.2: SPACE PROJECTS SELECTED FOR STUDY

No. l: Geostationary Platform (GSP)

Communications platform
Constellation version: six
free~flying satellites in
close proximity, with laser
or microwave interlinks (one
unit shown here). Shuttle-
launched to LEO, boosted

to GEO. Scheduled main-
tenance in GEO every 8
years. GSP mass (each
satellite) ~ 6600 kg.

No. 2: Advanced X-ray Astrophysics Facility (AXAF)

l.2-meter diameter X-ray
telescope. Shuttle-
launched, 550 km altitude
orbit. Scheduled main-
tenance in LEO every

3 years. AXAF mass

9000 kg.
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FIGURE 2.2: SPACE PROJECTS SELECTED FOR STUDY (CONTINUED)

No. 3: Teleoperator Maneuvering System (TMS)

Free-flying multipurpose
vehicle, with optional kits for:

-- in-space inspection and
monitoring

~- satellite deployment and
retrieval

~- satellite servicing and
repair

-~ structural assembly of
spacecraft

Shuttle-launched to LEO (can be
boosted to GEO), returned to
Earth for maintenance.

TMS mass v 3500 kg (wet).

No. 4: Space Platform (SP)

Multipurpose platform, with
three principal versions:

-- Materials Experiment
Carrier (MEC)

-- Science and Applications
Space Platform (SASP)

-~ Science and Applications
Manned Space Platform
(SAMSP)

Shuttle-launched, shuttle-~
tended (modular payload
exchange) . Maintenance
during Shuttle visits
(except SAMSP).

MEC mass v 26,300 kg
SASP mass Vv 42,300 kg
SAMSP mass Vv 35,400 kg

SANSP
VERSION

2.11



2.3 DESCRIPTION OF BREAKDOWN METHOD

2.3.1 Levels of Breakdowns

Each selected space project was then broken down into
successively finer levels: project, missions, sequences,
activities, functional elements. At the most detailed level,
"functional elements" are small tasks (e.g. Track Nearby Objects,
Compute Optimal Consumables Allocation, Position and Connect
New Component) required by the space projects, sufficiently
small that the same functional element may occur in several
space projects, or several times in one space project.

To clarify the structure of the breakdowns, the study group
developed a numerical coding system for the levels within the
breakdowns. Figure 2.3 shows an example of a functional
element's code number.

The project numbers are assigned as follows:

1) Geostationary Platform (GSP)

2) Advanced X-ray Astrophysics Facility (AXAF)

3) Teleoperator Maneuvering System (TMS)

4) Space Platform (SP) ¢

The mission numbers may refer to individual flights (e.g.
AXAF: the initial launch is a mission; so is each of the later
maintenance and repair flights), or to types of missions (e.g.
TMS: satellite retrieval, satellite servicing, structure
assembly, are all types of missions the TMS can undertake).
These distinctions are explained in the comments accompanying

the project breakdowns.
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2.3.2 Options within Breakdowns

"Options" are determined by the listings at the next level
down, and identified by letters in the code numbers. In the
example in Figure 2.3, mission no. lA refers to option A
(Deployment) within mission 1 (Spacecraft Transfer). Option A
dgnotes a particular set ¢ sequences at the next level down.
Mission 1B (Spacecraft Transfer (Retrieval)) would include
another set of sequences (different from mission 1lA's set in at
least one sequence).

For those items with only one option, the code letterxr is
omitted, In the example above, sequence no. 10 (Status Monitoring
and Resource Allocation) has only one option. Therefore it
contains only one set of activities. However, some of the
activities may have options, such as Activity no. 10 (Component
Failure Recovery) which has options A (Redundancy) and B
(On-Board Repair).

When the literature available to the study group identified
a particular "reference" option for a project, then the project
breakdown labels that option with the letter "A". In other
words, if only the "A" options are considered, the breakdown
becomes a listing of the "reference" space project.

Project options are presented as separate missions (e.g.
MEC, SASP, and SAMSP (see Figure 2.2) are presented as missions
within the Space Platform breakdown). Also, functional elements

are not broken down any further, and therefore carry no options.

2.14



Thus options can only appear at the mission, sequence, and
activity levels.

The four space projects were broken down through literature
review, consultation with the MSFC Project Engineers and other
experts (e.g. potential AXAF users), and in team brainstorm
sessions. Each space project was assigned to cne study
researcher, who was thus responsible for that project breakdown.
The team brainstorm sessions ensured common levels of detail
and common nomenclature, so that the same names were given to
similar functional elements wherever they appeared in the break-
downs. The project breakiowns were developed and stored as

files in a computer, using an extended text editer program. The

()

use of the computer in this study 1s described in Appendix 4.F
(Volume 4).
The four space project breakdowns, including relevant

comments, are listed in Appendix 2.A: Space Project Breakdowns

(Annotated).

2.15



2.4 _THE CPENERTC PUNCTIONAL ELEMENT LIST

s o meem ST ==

2.4.1 Method of Production

The Generie Functional Element (GFE) List was produced from
the four space project breakdowns by a computer program (listed
out in Appendix 4.F, in Volume 4). The program scanued through
each breakdewn in turn, collecting functional elements for the
GFE List. A functional element already collected from a previous
breakdown (or from carlier in the same breakdown) was not listed
again. For 2xample, the functional element Position and Connect
New Component occurs in all four breakdowns, and several times
in each breakdown, but appears only once in the GFE List.

As each ageneric functional element is collected for the
GFE List, it ic assigned a GFE number (prefixed by the letter
"g") by the computer proaram. &ince the Geostationary Platform
project brealkdown was scanned first, GFE's gl throuwgh gl70 are
in the order of their appearance in the GSP breakdown. (Most
of these GFE's appear in other breakdowns also.) GFE's gl7l
through g238 were added by the scan of the AXAF breakdown; GFE's
g239 through g249, by the scan of the TMS breakdown; and GFE's
250 through 330, by the scan of the SP breakdown.

As these numbers suggest, there is considerable commonality
of functional elements between breakdowns. Although the GSP
breakdown includes 171 separate GFE's, only 28 of these GFE's
are GSP-unique (i.e. GFE's which appear only in the GSP break-
down). Similarly, there were 62 AXAF-unique GFE's; 7 TMS-unique
GFE's; and 81 SP-unique GFE's (most of which were experiment-

specific tasks). 2.16
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Although cach generiec functional element is listed only once

in the GFE List, the computer program rctained the code pumbers

under which cach GFE appeared in the original oreakdowns, and

listed these code numbers under each GFE. Figure 2.4 presents

a partial example of the GFE list, with code numbers.

FIGURE 2.4:

PARTIAL EXAMPLE OF GFE LIST (WITH CODE NUMBERS)

FE
FE
FE

sgfo g73: POSITION AND CONNECT NEW COMPONENT

FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FL
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE

FE

L4

L]
1.2A,9.88.8
1.1.10.108.8
1.1.9.118.8

4,3,12,.6.14
4,3.9.78.9
4,2,9.78.9

4,18.9.78.9
4,iA.8,78.8
3.5.10.100.9
3.5.9.88.9

i

3.18,10,108.9
J.18.9.88.9
3.1A.10.108B.9
3.1A.9.88.9
2.28,1'7.68.9
2.28.10.3.9
2,2A,14,108,9
2.2A.10,3.9
2,1B.14,98.8

1L

2,1B.9.128.9
2.1A,13.,98.8
2.1A.9.108.9
1.28.12.1.9
1.2A.13.1.9
1.2A.10.108.9

I

1.24.9.88.9
1.1.10.108.9

1.1.9.118.9

*gfe g74: ADJUST COMPONENT
FE 4,3.12.6. 15
FE 4,3.9.78.10
FE 4.2.9,78.10

2.17
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The example shows that Position and Connect New Component is
the 73rd GFE identified by the program, and that it occurred
in 32 places in the project breakdowns. As the first digits of
the code numbers indicate, this GFE occurs in all four break-
downs. (The code numbers are listed in reverse order of
appearance in the scan.)

The full GFE List is presented in Appendix 2.B: Generic
Functional Element List (with Breakdown Code Numbers). For the

study recipient's convenience, a more abbreviated version of the

same list is presented in Appendix 2.C: Generic Functional

Element List (without Breakdown Code Numbers).

2.4.2 Comments on GFE List

The GSP space project breakdown is 973 lines long; the
AXAF breakdown, 1691 lines long; the TMS breakdown, 2079 lines
long; the SP breakdown, 1478 lines long. However, the GFE List
for all the breakdowns contains only 330 generic functional
elements. 1In other words, each of the four project breakdowns
can be entirely assembled from the 330 GFE's. Since the space
projects were chosen to span a broad spectrum of activities,
it is expected that this list should also contain most (or all)
of the elements of a wide variety of space projects. Yet each
generic functional element is sufficiently small in scope that
any ARAMIS capability which can perform the element only involves
a small part of the wide field of ARAMIS.

Since 330 GFE's were collected from 6221 lines of break-
downs, the average GFE occurs in many places in the breakdowns.

2.18



Some of these repetitions ave between breakdowns, i.e. a task
is required in geveral projects. But most repetitions are
within each breakdown: either a task is repeated during the
life of the spacecraft; or the scame task is listed under several
options in a breakdown, the latter situation accounting for most
of the repetitions. Therefore, the length of the list of code
numbers feollowing a GFE (in Appendix 2.B) is not a direct
seasure of the number of occurrences of a task; many of those
Listinas :ndicate the same task in different options (e.g.
3.1A.9.8B.9% and 3.1B.9.8B.9 in Figure 2.4). A more useful
indication of a2 generally needed task is when it appears in
all four proiject breakdowns.

As mentioned in guideline (7) (Section 4.2.3), Phase I of
the ARAMIS study considers space project tasks by themselves,
outside the context of any specific space projects. Therefore
this study concentrates on the Generic Functional Element List.
The project breakdowns are only —~casionally consulted, to
clarify the definition of a generic functional element by
checking 1ts context in the source breakdown(s).

The 330-element GFE List also appears in Appendix 4.A

(Volume 4), grouped by types of GFE's.



APPENDIX 2.A:

SPACE PROJECT BREAKDOWNS (ANNOTATED)

2.A.1 Notes on this Appendix

Four space projects were sclected for this study, and
numbercd as follows:
1) Geostationary Platform (GSP)
2) Advanced X-ray Astrophysics Facility (AXAF)
3) Teleoperator Mancuvering System (TMS)
4) Space Platfcrm (SP)

Each selected space project was broken down into successively
finer levels: project, missions, sequences, activities,
functional elements. To clarify the breakdown structure, a
numerical coding system was developed. It is described in
Section 2.3.1. PFor functional elements, the code numbers are
five-segment numbers (e.g. 3.1A.10.10B.9); the first segment
identifies the project (e.g. 3: TMS). The code numbers also
identify options (described in Section 2.3.2, indicated by
letters) at the mission, sequence, and activity levels.

In each breakdown, an initial comment identifies the
literature sources used to develop the breakdown. In addition,
occasional comments are inserted in the listing, to clarify
the items immediately before them.

The project breakdowns were developed through literature
review, consultation with the MSFC Project Engineers, and
consultation with other experts (e.g. potential AXAF users).

Team brainstorm sessions were held to ensure common levels of
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detail and nomenclature between the breakdowns. Each project
was assigned to one study researcher, who was thus responsible
for that breakdown.

The breakdowns were developed and stored as £f£iles in a
computer, using an extended text editor program. The use of
the computer is described in Appendix 4.F (Volume 4). The
computer was also used to produce the space project breakdown

listings, which follow.

2A.
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ORIGINAL PAGE IS
2,A.2; GEOSTATIONARY PLATFORM OF POOR QUALITY

----------u---w--u------------—-—--—----m------—---—-.-.-------—---—------.

The primary source of information for details of this breakdown was
the Geostationary Platform Systems Concepts Defintion Study prepared by
General Dynamics Convair Division in June 1980.

Additional scurces of information were:

- Edelson, B.1. and W.1, Morgan, "Orbital Antenna Farms", Astronautics
and Aaronautics, Sept. 1977.

- Fordyce, S.W., L. Jaffa, and E.C, Hamilton, "Switchboard in tha Sky",
Space Flight, Vol., 20, No. 6, June 1978.

- Gordan, G.D., and W.L. DeRoucher, "Repairing » Communications Satellite
on Orbit", Comsat Technical Review, Vol. 6 , Wo. 1, Spring 1976,

- Shrivaste, S.K., "Orbital Perturbations ancl Stationkeeping of
Communication Satellitas", Journal of Spacecraft, Vol. 15, No. 2,
March/Apr1\ 1978,

------------------- P R L L L L L L L P L PR P Lt L L LT

1 GEOSTATIONARY PLATFORM

1.1 DEPLDYMENT
.1.1 DESIGN

.1 DEFINE REQUIREMENTS
2 MISSION ANALYSIS
3 PAYLOAD ACCOUMODATIONS
.4 CREATE FUNCTIONAL LAYOUT

5 FAJLURE MODES ANALYSIS

6 ADJUUST DESIGN FDR MAINTENANCE AND REPAIR

To ensure access to a1l parts of the platform for repair in the event of

failure or breakdown.

CREATE MECHANICAL LAYOUT

SAFETY REVIEW

DESIGN DF COMPONENTS
O SOFTWARE DEVELOPMENT

-A(.D(D\l

This is a longterm activity involving the development of all nacessary
software associated with the mission.
1.1.2 COMPONENT FABRICATION
1.1.2.1 PROCURE DFF-THE-SHELF COMPONENTS
These are components which require no special design and are readily
available.
,2.2 PROCURE MATERIALS FORO MANUFACTURED COMPONENTS
. 2.3 PROCURE MANUFACTURING EQUIPMENT
.%.4 MANUFACTURE COMPONENTS
MPONENT TEST
.1 SET UP TEST FACILITIES
2 STRUCTURAL LOADS TESTS
3 DATA PRODCESSING AND SOFTWARE TESTS
4 ELECTRICAL SYSTEMS TESTS
5 THERMAL AND VACUUM TESTS
6 THRUSTER TESTS
7 SOLAR ARRAY DEPLOYMENT TESTS
8 COMPONENT CERTIFICATION
M INTEGRATION
M TEST
1
2
3
4
5
6
7
8
9
R

1.1.3 C

PP S

POWER SUBSYSTEM TESTS

THERMAL SUBSYSTEM TESTS

STRUCTURE SUBSYSTEM TESTS

INFORMATION PROCESSING SUBSYSTEM TESTS
COMMUNICATIONS SUBSYSTEM TESTS
ATTITUDE CONTROL SUBSYSTEM TESTS
PRUOPULSION SUBSYSTEM TESTS

TRAFFIC ROUTING SUBSYSTEM TESTS
INTEGRATED SYSTEMS TESTS
O FAILURE MODES SIMULATION

27.3

-h ek b A b S A A A oA



1.1.5.11 SYSTEM CERTIFICATION ORICINAL Phos 19
1.1.6 SHIPPING TO LAUNCH SITE (

1.1.6.1 REMOVE TEST EQUIPMENT OF POOR QUN«’W
1.1.6.2 PERFORM NECESSARY DISASSEMBLY

1.1.6.3 PACKING

1.1.6.4 TRANSPORT TO LAUNCH SITE

LOAD INTEGRATION AND CHECKOUT

7.1 UNPACKING
7.
7

1,
1.
1.

1.1.7 PAY
1.
1.7.2 PERFORM NECESSARY REASSEMBLY
1.7.3 INTEGRATED SYSTEMS TESTS

1.1.7.3.1 VERIFY POWER SYSTEM FUNCTION

1.1.7.3,2 VERIFY COMMAND SYSTEM FUNCTION

Commands are sent and the system is5 checked to ensure that the signals
arrive at their appropriste destinations but the system is disarmed.

1.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
1.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
Signals are sant and traced to ensure correct transmission but the
communications system is not actually powered up.
1.1.7.3.5 MISSION SEQUENCE SIMULATION
1.1.7.4 TRANSFER TO VERTICAL PROCESSING FACILITY
1.1.7.4.1 LOAD PAYLOAD INTD CONTAINER
1.1.7.4.2 TRANSPORT CONTAINER TO VERTICAL PROCLESSING FACILITY
1.1.7.4.3 UNLOAD CONTAINER
1.1.7.5 INTEGRATION WITH BOOSTERS

- o i - > e e e e S ge e e A e e B e A T e o T T e e s e Y e GR e e P e TR T e v e P e P em eSS e M 88 % e e e e B B e e W
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1.1.7.6 PERFORM INTERFACES CHECK
.6.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
.2 CHECK ELECTRICAL INTERFACES
.3 CHECK PAYLOAD/BDOSTER MECHANICAL INTERFACES
.4 CHECK ELECTRICAL INTERFACES
FER TO LAUNCH PAD
.1 LOAD PAYLOAD INTO CANISTER
.2 TRANSPORT TO ROTATING SERVICE STRUCTURE
.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
.5 REMOVE CANISTER
TER/PAYLOAD INTEGRATION (VERTICAL)
.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER
.2 EXTEND PAYLODAD INTO ORBITER USING PGHM
.3 CONNECT ORBITER/PAYLOAD INTERFACES
.4
.5

1.
1
i.
1.

1.1.7.7 1 A

o -

- A s A
- A A s A
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CHECK ELECTRICAL INTERFACES
CLOSE-OUT PAYLODAD BAY

QQ\I\JQE\IQQ\I\INQQQQ
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D WN AND LAUNCH
* CABIN CLOSEOQOUT
2 PAYLOAD SERVICING (AS REQUIRED)
3 VEHICLE CLOSEOUT
.4 LAUNCH COUNTDOWN
5 LIFTOFF
AL DEPLOYMENT AND CHECKOUT
{ SHUTTLE ATTAINS DELIVERY ORBIT
2 EXTENSION OF PAYLOAD FROM PAYLOAD BAY
1.1.9.2.1 OPEN PAYLOAD BAY DOORS
1.1.9.2.2 ROTATE OTV/GSP PACKAGE OUT OF ORBITER
1.1.9.3 TESTS OF ATTACHED PAYLODAD
It {s understood that not all of the equipment to be deployed which is
listed below would be carried (and hence deployed) on the first platform
of the constellation. '
i POWER SUBSYSTEM CHECKOUT
2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
3 RAISE CENTRAL MAST
.4 DEPLOY MAIN REFLECTORS
5 DEPLOY ANTENNA RECEIVER ARRAYS
6 DEPLOY ANTENNA TRANSMIT ARRAYS
7 DEPLOY SUBREFLECTOR

DOOVOOLOY
WWwWWWwww
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ORIGINAL PoGE i8S
9.3.8 DEPLOY INTERFEROMETER OF F 5
.8.3.9 DEPLOY SOLAR ARRAYS QOR QUALITY
.9.3.10 DEPLOY RADIATORS

9.3.11 VERIFY DEPLOYMENT SEQUENCES

9.3.12 RETRACT SOLAR PANELS

L R L L L e L L P R LY B T L Y X

Must be retracted for orbital transfer, after which they are redeployed.

1.1.9.4 SEPARATION OF PAYLOAD FROM ORBITER

1.1.9.5 ORBITAL TRANSFER

INITIALIZE GUIDANCE SYSTEM

2 DETERMINE CURRENT ORBITAL PARAMETERS
3 DETERMINE DESIRED ORBITAL PARAMETERS
4 CHDOSE OPTIMAL TRAJECTORY

.5 DETERMINE CURRENT ATTITUDE

6 DETERMINE DESIRED ATTITUDE

7 FIRE THRUSTERS

e e A S e e e e e e T M e e e P Ue s e e by e e K R S S D e A D S S S e e e e B P T TR SR T T M e e e e e A e S P e
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1.1.9.6 SEPARATION OF GSP FROM OTV
6.1 SEPARATE OTV FROM GSP
6.2 SEPARATION COAST
6.3 FIRE THRUSTERS
6.4 TRANSFER OF OTV TCO SUPERSYNCHRONOUS ORBIT
AVl debris is taken to supersynchronous orbit for disposal where it will

not interfere with other existing spacecraft.

1.1.8.7 DEPLOYMENT OF SOLAR ARRAYS AND ANTENNAS (IN GEO)

1.1.9,7.1 DEPLOY SOLAR PANELS
.1.9.7.2 DEPLOY INTER-PLATFORM LINK ANTENNAS
.1.9. 8 OPERATIONAL CHECKOUT

.8.1 ACTIVATE SUBSYSTEMS
.8.2 INFORMATION PROCESSING SUBSYSTEM CHECKOU?
8 POWER SUBSYSTEM CHECKOUT
8 THERMAL SUBSYSTEM CHECKOUT
8 STRUCTURE SUBSYSTEM CHECKOUT
8 COMMUNICATIONS SUBSYSTEM CHECKOUT
8 ATTITUDE CONTROL SUBSYSTEM CHECKOUT
8 PROPULSION SUBSYSTEM CHECKOUT
8 TRAFFIC ROUTING SUBSYSTEM CHECKOUT
8.10 CONSUMABLES LEVELS CHECKOUT
.8.11 COMPARE MEASURED DATA TO MODEL
N
.9.
.9.
.9.
Q.
.9.
14

1.1.8.
1.1.9.
1.1.9.
1.1.9.

;..,..,.‘,..4.‘4
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1.1.8. 9 IDENTIFY DEFECTIVE COMPONENT

1 DETERMINE ANOMALOUS DATA

2 FORM HYPOTHESIS FOR PROBLEM

3 DEVISE TEST FOR FAILURE HYPOTHESIS

4 PERFORM TEST FOR FAILURE HYPOTHESIS

S IDENTIFY FAULTY COMPONENT

DENTIFY DEFECTIVE SOFTWARE

.10.1 COMPARE MEASURED DATA TO MODEL

.10.2 DETERMINE ANOMALOUS DATA

.10.3 FORM HYPDOTHL:IS FOR PROBLEM

.10.4 DEVISE TEST FOR FAILURE HYPOTHESIS

.10.5 PERFORM TEST FOR FAILURE HYPOTHESIS

A COMPONENT FAILURE RECOVERY (REDUNDANCY)

1.1.9.11A .1 SWITCH OUT FAULTY COMPONENT
1.1.9.11A4.2 SWITCH IN REDUNDANT COMPONENT
1.1.9.11A.3 MAKE DIAGNOSTIC CHECKS
1.1.8.11A.4 UPDATE SPACECRAFT MODEL

1.1.9.11B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)

.1.9.11B. 1 DEFINE ACCESS SEQUENCE

.11B.2 LOCATE ACCESS PANEL

.118.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE

.11B.4 OPEN ACCESS PANEL

.11B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT

.11B8.6 REMOVE COMPONENT
7
8
8
1
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.11B.7 STORE COMPONENT

.11B.8 LOCATE NEW COMPONENT

.118.9 POSITION AND CONNECT NEW COMPONENT
118. 10 ADJUST COMPONENT

,..a..“‘-..,.‘
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[P G S ¥

2A.5



“W"‘w ‘\nnnnr’ = e

118.11 MAKE DIAGNDSTIC CHECKS Uss Ll bt
118,12 CLOSE ACCESS PANEL ) OF POOR Qum:..u
118.13 STOW REPAIR EQUIPMENT

.118.14 UPDATE SPACECRAFT MODEL

FTWARE FAILURE RECOVERY

12.1 DETERMINE CORRECTION ALGORITHM

12.2 DATA/COMMAND ENCODING

12.3 DATA/COMMAND TRANSMISSION

8.12.4 COMPUTER FUNCTION CHECKS

1.1.10 STATUS MONITORING AND RESOURCE ALLOCATION
1.1.10.1 TEMPERATURE MANAGEMENT

1.1,10.1.1 MEASURE COMPONENT TEMPERATURES
1.1.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS
1,1.10.1,3 ADJUST COOLING/HEATING SYSTEMS

.10.2 POWER MANAGEMENT

1.10.2.9 MEASURE CURRENTS AND VOLTAGES

.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
.3 EVALUATE BATTERY CHARGING PERFORMANCE

.4 ADJUST CURRENTS AND VOLTAGES

.5 ADJUST BATTERY CHARGING CYCLE

/COMMAND PRDCESSING

.1 SHORT-TERM MEMORY STORAGE

.2 LONG-TERM MEMORY STORAGE

.3 DATA/COMMAND ENCODING

.4 DATA/COMMAND DECODDING

.5 NUMERICAL COMPUTATION

.6 LOGIC DPERATIONS
.7
.8
M

AT

COMPUTER LOAD SCHEDULING

COMPUTER FUNCTION CHECKS

UMABLES MANAGEMENT

.1 MONITOR PROPELLANT SUPPLIES

.2 MONITOR COOLING SYSTEM SUPPLIES

.3 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.4 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

CTURAL MANAGEMENT

1 MEASURE STRAINS IN STRUCTURE

2 MEASURE RELATIVE DISPLACEMENTS

.3 COMPUTE STRESS AND VIBRATION PARAMETERS

4 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
5 APPLY COMPENSATING FORCES

mmmmmcanaammmuwwwum»wwn

Present mission does not include this: 1t has been included here in
anticipation of possible additions
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1.
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1.1.10.5.6 APPLY VIBRATION DAMPING
10.6 HAZARD AVOIDANCE

10.7 OPTIMAL SEQUENCING

1.1.10.7.1 UPDATE SPACECRAFT MODEL
1.1.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
1.1.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

1.1.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
1.1.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
1,1.10.7.6 COMPUTE OPTIMAL SEQUENCING

0.8 IDENTIFY DEFECTIVE COMPONENT

1.1.10.8.1 DETERMINE ANOMALOUS DATA

1.1.10.8.2 FORM HYPOTHESIS FOR PROBLEM

1.1.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS
1.1.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS
1,1.10.8.5 IDENTIFY FAULTY COMPONENT

0.9 IDENTIFY DEFECTIVE SOFTWARE

1.1.10.9.1 COMPARE MEASURED DATA TO MODEL

1.1.10.9.2 DETERMINE ANDMALOUS DATA

1.1.10.9.3 FORM HYPDTHESIS FOR PROBLEM

1.1.10,9.4 DEVISE TEST FOR FAILURE HYPOTHESIS
1.1.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS

0. 10A COMPONENT FAILURE RECOVERY (REDUNWDANCY)
1.1.10.10A, 1 SWITCH OUT FAULTY COMPONENT

1.1.10,10A.2 SWITCH IN REDUNDANT COMPONENT
1.1.10.10A.3 MAKE DIAGNOSTIC CHECKS

1.1.10.10A.4 UPDATE SPACECRAFT MODEL

10. 108 COMPONENT FAJLURE RECOVERY (ON-BOARD REPAIR)
1.1.10.10B.1 DEFINE ACCESS SEQUENCE
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1
1
1
1
1
1
1
2
1
1.
1
1
1
3
i
1
1
1
1
1
1

.10.10B.2 LOCATE ACCESS PANEL
.10.10R .3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
.10.108.4 OPEN ACCESS PANEL
.10.10B.9 OBSERVE/LOCATE DEFECTIVE COMPONENT
.10.108 .6 REMOVE COMPONENT
,10.108.7 STORE COMPONENT
.10.10B 8 LOCATE NEW COMPONENT
.10.108.8 POSITION AND CONNECT NEW COMPONENT
. 10.108 .10 ADJUST COMPONENT
.10. 10B. 11 MAKE DIAGNOSTIC CHECKS
.10.10B .12 CLOSE ACCESS PANEL
.10.10B. 13 STOW REPAIR EQUIPMENT
.10.108 .14 UPDATE SPACECRAFT MODEL
1 SOFTWARE FAILURE RECOVERY
10.11.1 DEVERMINE CORRECTION ALGORITHM
10.11.2 DATA/COMMAND ENCODING
.10.11.3 DATA/COMMAND TRANSMISSION
.10.11.4 COMPUTER FUNCTION CHECKS
2 REPDRT SYSTEM STATUS
.10.12.1 DATA/COMMAND ENCODING
.10.12.2 DATA/COMMAND TRANSMISSION
.10.12.3 DATA/COMMAND DECODING
.10.12.4 DATA/COMMAND DISPLAY
DE CONTROL AND STATIONKEEPING
MAINTAIN/CHANGE ATTITUDE

B I IS
11
11
1t
RA R
11
MAT
1t
11.
11
NN
L1t
oPT
11

1

L

INITIALIZE GUIDANCE SYSTEM
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
CHOOSE OPTIMAL TRAJECTORY
ROTATE SPACECRAFT
N/CHANGE ORBIT
INITIALIZE GUIDANCE SYSTEM
DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL PARAMETERS
CHODSE OPTIMAL TRAJECTDRY
FIRE THRUSTERS
CONTROL ALLOCATION
UPDATE SPACECRAFT MODEL
PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS
PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT
CHOOSE OPTIMAL CONTROL MODE
COMPUTE CONTROL COMMANDS

Ak A oA A bk Ak ok ok A s oAk  ca k& *.‘»-4.‘_.,.0 PR U
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EXECUTE CONTROL COMMANDS

12 COMMUNICATIONS OPERATIONS

1.12.

-
-

s hch e A b o e -
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.12,
.12.1.2 TRANSMIT INFORMATION TO ANTENNA POINTING CONTROLLER
.12.1.3 DETERMINE ERROR FROM DESIRED ANTENNA POSITION
.12.1.4 ANTENNA POSITIONER CORRECTS POINTING DIRECTION

12,2
.12.2.2 ENTER COMMUNICATIONS INPUT INTO SWITCH CONTROL

.12.2.3 SWITCH CONTROL ENTERS COMMUNICATIONS INPUT INTO SWITCH MATRIX
.12.2.4 SWITCH MATRIX EXECUTES COMMUNICATIONS OUTPUT

ANTENNA POINTING CONTROL
1.1 RECEIVE INPUT FROM ANTENNA POINTING SENSORS

TRAFFIC ROUTING
1 RECEIVE COMMUNICATIONS INPUT

1.2A SERVICING MAINTENANCE AND REPAIR (TMS/0TV)

1.24.1

DESIGN

ALY

DEFINE REQUIREMENTS

e T s I e e e e T R e

determi

ning what 1s to be repaired.

o e e e e e M Ge e e e S e e 4 e e e e o M e e e e e o e e e Y e e S e e S e e e e = G e e % e G m e o ae Ge

N

>
e a oh e b a A s
DO LWN

MISSION ANALYSIS

PAYLOAD ACCOMODATIONS
CREATE FUNCTIONAL LAYOUT
FATLURE MODES ANALYSIS
CREATE MECHANICAL LAYOUT
SAFETY REVIEW

DESIGN OF COMPONENTS
SOFTWARE DEVELOPMENT
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1.2A.2 COMPONENT FABRICATION
1.7A.2.1 PROCURE OFF-THE-SHELF COMPONENTS
1.2A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
1.2A,.2.3 PROCURE MANUFACTURING EQUIPMENT
1.2A.2.4 MANUFACTURE COMPONENTS
1.2A.3 COMPONENT TEST
1.2A.3.1 SET UP TEST FACILITIES
1.2A.3.2 STRUCTURAL LOADS TESTS
1.2A.3.3 DATA PROCESSING AND SOFTWARE TESTS
1.2A.3.4 ELECTRICAL SYSTEMS TESTS
1.2A.3.5 THERMAL AND VACUUM TESTS
1,2A.3.6 THRUSTER TESTS
1,2A.3.7 SOLAR ARRAY DEPLOYMENT TESTS
1,2A.3.8 COMPONENT CERTIFICATION
1.2A.4 SYSTEM INTEGRATION
1.2A.5 SYSTEM TESTS
1.2A.5.1 POWER SUBSYSTEM TESTS

1.2A.5.2 THERMAL SUBSYSTEM TESTS

1.,2A.5.3 STRUCTURE SUBSYSTEM TESTS

1.2A.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS
1.2A.5.5 COMMUNICATIONS SUBSYSTEM TESTS
1.2A.5.6 ATTITUDE CONTROL SUBSYSTEM TEST
1.24.65.7 PROPULSION SUBSYSTEM TESTS

1.2A.5.8 INTEGRATED SYSTEMS TESTS

1,2A.5.9 FAILURE MODES SIMULATION

1.2A.5.10 SYSTEM CERTIFICATION
1.2A.6 SHIPPING TO LAUNCH SITE

1.2A.6.1 REMOVE TEST EQUIPMENT

1.2A.6.2 PERFORM NECESSARY DISASSEMBLY

1.2A.6.3 PACKING

1.2A.6.4 TRANSPORT TO LAUNCH SITE

1.2A.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLODAD)

1.2A.7A.1 UNPACKING

1,2A.7A.2 PERFORM NECESSARY REASSEMBLY

1.2A.7A,3 INTEGRATED SYSTEMS TESTS
1.2A.7A.3.1 VERIFY POWER SYSTEM FUNCTION
1.2A.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION
1.2A.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
1.2A4.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
1.2A.7A.3.5 MISSION SEQUENCE SIMULATION

1.2A.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BUILDING

1.2A.7A.5 INTEGRATE TMS WITH PAYLOAD

1.2A.7A.6 PERFORM INTERFACES CHECK
1.2A.7A.6.1 CHECK TMS/PAYLDAD MECHANICAL INTERFACES
1.2A.7A.6.2 CHECK ELECTRICAL INTERFACES
1.2A.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
1.2A.7A.6.4 CHECK ELECTRICAL INTERFACES

1.2A.7A.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY

1.2A.7A.7.1 ATTACH STRONGBACK TO PAYLOAD
1.2A.7A.7.2 LOAD PAYLOAD INTO CANISTER
1.2A.7A.7.3 REMOVE STRONGBACK
1.2A.7A.7 .4 CLOSE CANISTER
1.2A.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
1.2A.7A.7.6 UNLOAD CANISTER
1,2A.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL)
1.2A.7A.8.1 ATTACH STRONGEACK TO PAYLOAD
1.2A.7A.8.2 INSTALL PAYLOAD IN ORBITER
1.24.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
1.2A.7A.8.4 CHECK ELECTRICAL INTERFACES
1.2A.7A.8.5 REMOVE STRONGBACK
1.2A.7A.8.6 CLOSE~-OUT PAYLOAD BAY
1.2A.7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES

1.2A.78 PAYLDAD INTEGRATION AND CHECKOUT (VERTICAL PAYLDAD)

1.2A.78.1 UNPACKING

1.2A.78.2 PERFORM NECESSARY REASSEMBLY

1.2A.78.3 INTEGRATED SYSTEMS TESTS
1.2A.78.3.1 VERIFY POWER SYSTEM FUNCTION
1.2A.78.3.2 VERIFY COMMAND SYSTEM FUNCTION
1.2A.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
1.2A4.78.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
1.2A.7B.3 MISSION SEQUENCE SIMULATION

1.2A.78.4 TRANSFER TO VERTICAL PROCESSING FACILITY

Wlo'thN

S
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1.2A.78.5 INTEGRATE TMS WITH PAYLODAD
1.2A.78.6 PERFORM INTERFACES CHECK
1.2A.78.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
1.24.78.6.2 CHECK ELECTRICAL INTERFACES
1.2A.78.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
1.2A.78.6.4 CHECK ELECTRICAL INTERFACES
1.2A.78.7 TRANSFER PAYLDAD TO LAUNCH PAD
1.2A.78.7.1 LOAD PAYLOAD INTNH CANISTER
1.2A.78.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE
1.24.78.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
1.2A.7B.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
1.2A.78.7.5 REMOVE CANISTER
1.2A.78.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL)
1.2A.78.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER
1.24.78.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM
1.24.78.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
1.24.78.8.4 CHECK ELECTRICAL INTERFACES
1.2A.78.8.5 CLOSE-QUT PAYLOAD BAY
1,2A.7B.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
COUNTDOWN AND LAUNCH
ORBITAL DEPLOYMENT AND CHECKOUT
.2A.9.1 SHUTTLE ATTAINS DELIVERY ORBIT
L2A.9.2 TESTS OF ATTACHED PAYLOAD
1.2A.8.2.1 POWER SUBSYSTEM CHECKOUT
1.2A.8.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
1.2A.8.3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY
1.2A4.9.3.1 OPEN PAYLOAD BAY OOORS
1.2A.8.3.2 ACTIVATE RMS
1.2A.9.3.3 LOCATE GRASPING FIXTURE ON TARGET ’
1.2A.8.3.4 MOVE RMS TO FIXTURE
1.2A.9.3.5 GRASP FIXTURE
1.2A,9.3.6 RELEASE PAYLOAD RESTRAINTS
1.24.98.3.7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY
1.2A.8.4 SEPARATION OF PAYLOAD FROM CRBITER
1.2A.8.4.1 RMS RELEASES PAYLDAD
1.2A.9.4.2 SECURE RMS IN PAYLOAD BAY
1.2A.9.5 OPERATIONAL CHECKOUT
1.2A.9.6.1 ACTIVATE SUBSYSTEMS
1.24.9.5.2 INFORMATION PROCESSING SUBSYSYTEM CHECKOUT
1.24.9.5.3 POWER SUBSYSTEM CHECKOUT
1.24.98.5.4 THERMAL SUBSYSTEM CHECKOUT
1.2A.9.5.5 STRUCTURAL SUBSYSTEM CHECKOUT
1.2A.9,5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT
1.24.9.5.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT
1.2A.9.5.8 PROPULSION SUBSYSTEM CHECKOUT
1.2A.9.5.9 CONSUMABLES LEVELS CHECKOUT
1.2A.9.6 IDENTIFY DEFECTIVE COMPONENT
1.24.9.6.1 DETERMINE ANOMALOUS DATA
1.2A.8.6.2 FORM HYPOTHESIS FOR PROBLEM
1.2A4.9.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS
1.2A.8.6.4 PERFORM TEST FOR FAILURE HYPOTHESIS
1.2A.9.6.5 IDENTIFY FAULTY COMPONENT
1.2A.8.7 IDENTIFY DEFECTIVE SOFTWARE
1.24.9.7.1 COMPARE MEASURED DATA TO MODEL
1.24.9.7.2 DETERMINE ANOMALOUS DATA
1.24.9.7.3 FORM HYPOTHESIS FOR PROBLEM
1.2A.9.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS °
1.2A.8.7.5 PERFORM TEST FOR FAILURE HYPOTHESIS
1.2A.9.8A COMPONENT FATLURE RECOVERY (REDUNDANCY)
1.2A.9.8A.1 SWITCH QUT FAULTY COMPONENT
1.2A4.9.8A.2 SWITCH IN REDUNDANT COMPONENT
1.2A.9.8A.3 MAKE DIAGNOSTIC CHECKS
1.2A.8.8BA .4 UPDATE SPACECRAFT MODEL
1.2A.9.88 COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)
1.2A.9.8B.1 DEFINE ACCESS SEQUENCE
1.2A.9.8B.2 LOCATE ACCESS PANEL
1.2A.9.8B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
1.2A 9.8B.4 OPEN ACCESS PANEL
1.24.9.88.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
1.2A.9.88.6 REMDVE COMPONENT
1.24.9.8B.7 STORE COMPONENT
1.24.6 BB.8 LOCATE NEW COMPONENT
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1.2A.

1.2A.

1.2A4.9
.9
9.
1,2A,

1.2A
1.2A

1.2A.

.2A.
.10
.2A,
.2A.
.24,
.2A,
LRA.
.2A,
RA.

.a..au(o....a..........nm..

1.2A.10 STATUS

1.2A.

10. 1

1.2A,
1.2A4.
1.2A.
.10.2
1.2A,

bwwwwomw

g.

.88
.88.
.88.
.88,
as.
88.

. 101
.10.
.10.
.10.
. 10.
. 10.
.10.
.10.

.8
10 ADJUUST COMPONENT

11 MAKE DIAGNOSTIC CHECKS
12 CLOSE ACCESS PANEL

13 STOW REPAIR EQUIPMENT

POSITION AND CONNECT MEW COMPONENT -
ORIChE s v - o
OF POOR (\.‘"v;‘i.’x\Luﬂf

14 UPDATE SPACECRAFT MODEL
1.2A.9.9 SOFTWARE FAILURE RECOVERY

1.24.9.9.1 DETERMINE CORRECTION ALGORITHM
1,2A.8.9.2 DATA/COMMAND ENCODING

0.9.3 DATA/COMMAND TRANSMISSION
9.9.4 COMPUTER FUNCTION CHECKS
ORBITAL TRANSFER (0F TMS/SPACECRAFT)

2
3
4
5
6
7

8

INITIALIZE GUIDANCE SYSTEM

DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL FARAMETERS
CHODSE OPTIMAL TRAJECTORY

DETERMINE CURRENT ATTITUDE

DETERMINE DESIRED ATTITUDE

ROTATE SPACECRAFT

FIRE THRUSTERS

TMS UNDOCK WITH 0TV

.9,

11.
.9.11.2 RETRACT DOCKING MECHANISM
.9.11.3 MOVE AWAY FROM PAYLOAD

1

RELEASE DOCKING LATCH

MONITORING AND RESOURCE ALLOCATION
TEMPERATURE MANAGMENT

10.

1.

1

MEASURE COMPONENT TEMPERATURES

10.1.2 COMPARE TEMPERATURES TO REOQUIRED LIMITS
10.1.3 ADUUST COOLING/HEATING SYSTEMS
POWER MANAGMENT

10.
.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
.10.2.3 ADJUUST CURRENTS AND VOLTAGES

4,.10.2.4 MONITOR BATTERIES

2.

1

MEASURE CURRENTS AND VOLTAGES

DATA/COMMAND PROCESSING

. 10.
. 10.
. 10.
.10.
.10.
. 10.
. 10.
.10.

QQUQUUUQ
mqmwhwn_.

SHORT-TERM MEMORY STORAGE
LONG-TERM MEMORY STODRAGE
DATA/COMMAND ENCODING
DATA/COMMAND DECODING
NUMERICAL COMPUTATION
LOGIC OPERATIONS

COMPUTER LOAD SCHEDULING
COMPUTER FUNCTION CHECKS

CONSUMABLES MANAGMENT

.10.

4.

.10.4 2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

1

MONITOR PROPELLANT SUPPLIES

STRUCTURAL MANAGMENT

.10
.10
.10,
.10.
.10.

5

S
5

5.
R
5.
.4
)

1

3

HAZARD
OPTIMAL SEQUENCING

.10.
- 10.
. 10.
.10
.10.
. 10.

Qsl\l\lsld
mmbwu.-

MEASURE STRAINS IN STRUCTURE

COMPUTE STRESS AND VIBRATION PARAMETERS

COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
APPLY COMPENSATING FORCES

APPLY VIBRATION DAMPING

AVOIDANCE

UPDATE SPACECRAFT MODEL

PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS

PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT

COMPUTE OPTIMAL SEQUENCING

IDENTIFY DEFECTIVE COMPONENT

.10.8.1 DETERMINE ANOMALOUS DATA

.10.8.2 FORM HYPOTHESIS FOR PROBLEM

.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS
.10.8 .4 PERFORM TEST FOR FAILURE HYPOTHESIS
.10.8.5 IDENTIFY FAULTY COMPONENT

IDENTIFY DEFECTIVE SOFTWARE

.10.
.10.9.2 DETERMINE ANOMALOUS DATA

.10.9.3 FORM HYPOTHESIS FOR PROBLEM

.10.8 .4 DEVISE TEST FOR FATLURE HYPOTHESIS

9.

1

COMPARE MEASURED DATA TO MODEL
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1.2A.

1.2A,

1.2A.

1.2A.

1.2A.10.8.5 PERFORM TEST FOR FAJLURE HYPOTHESIS

10. 10A COMPONENT FAILURE RECOVERY (REDUNDANCY)
1.2A.10.10A. 1 SWITCH QUT FAULTY COMPONENT
1.24.10.10A.2 SWITCH IN REDUNDANT COMPONENT
1.2A.10.10A.3 MAKE DIAGNOSTIC CHECKS

1.2A.10.10A.4 UPDATE SPACECRAFT MODEL

10. 108 COMPONENT FAILURE RECOVERY (ON-BDARD REPAIR)
1.2A.10.108. 1 DEFINE ACCESS SEQUENCE

L2A.10.108. 10 ADJUST COMPONENT
.2A.10.10B. 11 MAKE DIAGNOSTIC CHECKS
.2A.10.10B .12 CLOSE ACCESS PANEL
L2A.10.10B. 13 STOW REPAIR EQUIPMENT
24.10.10B.14 UPDATE SPACECRAFT MODEL
10. 11 SOFTWARE FAILURE RECOVERY
1.2A.10.11.1 DETERMINE CORRECTION ALGORITHM
1 2A.10.11.2 DATA/COMMAND ENCODING
1.2A.10.11.3 DATA/COMMAND TRANSMISSION
1.24.10.11.4 COMPUTER FUNCTION CHECKS
10.12 REPORT SYSTEM STATUS
1.2A.10.12.1 DATA/COMMAN" ENCODING
1.2A.10.12.2 DATA/COMMaND TRANSMISSION
1.2A.10.12.3 DATA/COMMAND DECODING
1.2A.10.12.4 DATA/COMMAND DISPLAY

1.2A.10.10B.2 LOCATE ACCESS PANEL

1.2A.10.108.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
1.24.10.10B.4 OPEN ACCESS PANEL

1.24.10 108.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
1.2A.10.108.6 REMOVE COMPONENT

1.2A.10.10B.7 STORE COMPONENT

1.2A4.10.108.0 LOCATE NEW COMPONENT

1.24.10.108 & POSITION AND CONNECT NEW COMPONENT
1

1

1

1

1.

1.2A.11 DOCK WITH SPACECRAFT

1.24.

1.2A.

1.2A.

1.24.

11.1 ADJUST ORBIT

1.24.19.1.1 INITIALIZE GUIDANCE SYSTEM

1.2A.11.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
1.2A.11.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
1.24.11.1.4 CHOOSE OPTIMAL TRAJECTORY

1.2A.11.1,5 FIRE THRUSTER?

11.2 ADJUST ATTITUDE

1.24.11.2.1 DETERMINE CURRENT ATTITUDE

1.2A.11.2.2 DETERMINE DESIRED ATTITUDE

1.24.11.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
1.24.11.2.4 CHOOSE OPTIMAL TRAJUECTORY -

1.2A.11.2.5 ROTATE SPACECRAFT

. 11.3 OPTIMAL CONTROL ALLOCATION

1.2A.11.3.1 UPDATE SPACECRAFT MODEL

1.24.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
1.2A.11.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
1.2A.11.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
1.2A.11.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
1.2A.11.3.6 CHOOSE OPTIMAL CONTROL MODE

1.2A.11.3.7 COMPUTE COMTROL COMMANDS

1.2A.11.3.8 EXECUTE CONTROL COMMANDS
.11.4 DOCK TMS TO SPACECRAFT

1.2A4.11.4.1 LOCATE DOCKING TARGET
1.2A.11.4.2 EXTEND DOCKING MECHANISM
1.2A.11.4.3 FASTEN DOCKING LATCH

12 DIAGNOSTIC CHECK (OF SPACECRAFT)

1.2A.

1.24.

12.1 IDENTIFY DEFECTIVE COMPONENT

1.2A.12.1.1 DETERMINE ANOMALOUS DATA
1.2A.12.1.2 FORM HYPOTHESIS FOR PROBLEM
1.2A.12.1.3 DEVISE TEST FOR FAILURE HYPOTHESIS
1.2A.12.1.4 PERFORM TEST FOR FAILURE HYPOTHESIS
1.2A.12.1.5 IDENTIFY FAULTY COMPONENT

12.2 IDENTIFY DEFECTIVE SOFTWARE

1.2A.12.2.1 COMPARE MEASURED DATA TO MODEL
1.2A.12.2.2 DETERMINE ANOMALOUS DATA
1.2A4.12.2.3 FORM HYPOTHESIS FOR PROBLEM
1.2A,12.2.4 DEVISE TEST FOR FAILURE HYPOTHESIS
1.2A.12.2.5 PERFORM TEST FOR FAILURE HYPOTHESIS

13 COMPONENT/SOFTWARE REPLACEMENT

.24,

13.1 COMPONENT REPLACEMENT
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1.2A4,

1.2A.13.1.
1.2A.13.14.
1.2A.13.1,
1.24.13.1.4
1.2A.13.1.58
1.2A.13.1.6
1.2A.13.1.7
1.2A.13.1.8
1.2A.13.1.98
1.2A.13.1.10 ADJUST COMPONENT
1.2A.13.1.11 MAKE DIAGNOSTIC CHECKS
1.2A.13.1.12 CLOSE ACCESS PANEL
1.2A,13.1,13 STOW REPAIR EQUIPMENT
1.2A,.13.1.14 UPDATE SPACECKAFT MODEL
1.2A.13.2 SOFTWARE REPLACEMENT
1.2A.13.2.1 DATA/COMMAND ENCODING
1.2A.13.2.2 DATA/COMMAMD TRANSMISSION
1.2A.13.2.3 COMPUTER FUNCTION CHECKS
1.2A.14 RESUPPLY CONSUMABLES

1.2A.14, 1A FLUID REPLACEMENT (UMBILICAL)

1.2A.14.
14.
14,
14.
14.
14,

-

1.2A.14.

1

P e

1

.23,
L2A,
JRA.
JRA,
J2A,

2A.

.24,

J2A.

i

.

.

2A.
2A.
2A.
2A,
2A.
24

2A.
2A.
2A.
24,
2A.
2A.

1.2A.16. 1
1.
.24,
.24,
L2A.
L2A.
JRA,
L2A.

- A —a A s A

1

2A.

.2A.

1.2A.16.2
1.24,
1.2A.
1.2A.
1.2A.16.3

1.2A.
1.24,
1.24.
1,24,

7.2

1.24.

i4.
.1B.
14.
14,
14,
. 18.
14.
14.
14.
14,
14,
14.
14,
.1B.
14,

14

14

14

]
2
3

DEFINE ACCESS SECUENCE

LOCATE ACCESS PANEL

TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OPEN ACCESS PANEL

OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT

STORE COMPONENT

LOCATE NEW COMPONENT

POSITION AND CONNECT NEW COMPONENT

LOCATE ACCESS PANEL

OPEN ACCESS PANEL

CLOSE INTERNAL VALVES

EXTEND AND ATTACH UMBILICAL
OPEN SUPPLY VALVE

MONITOR FLUID TRANSFER

CLOSE SUPPLY VALVE

DETACH AND RFETRACT UMBILICAL
OPEN INTERNAL VALVES

.10 CHECK FOR LEAKS

.11 CLOSE ACCESS PANEL

14, 1B FLUID REPLACEMENT (TANK REPLACEMENT)
1B.

iB.
1B.
1B.

18.
1B.
iB.
18.
1B8.
iB.
18.

1B.
1.2A.15 NON-ROUTINE MAINTENANCE AND REPAIR

1.2A.16 REDEPLOY SPACECRAFT

ORBITAL TRANSFER (OF TMS/SPACECRAFT)

16.1.1
16.1.2
16.1.3
16.1.4
16.1.5
16.1.6
16.1.7
16.1.8
UNDOCK
16.2.1
16.2.2
16.2.3

LOCATE ACCESS PANEL
TRANSFER REPAIR EQUIPMENT TC REPAIR SITE
OPEN ACCESS PANEL
CLOSE INTERNAL VALVES
LOCATE OLD TANK
DISCONNECT OLD TANK
REMOVE OLD TANK

STORE OLD TANK

LOCATE NEW TANK

10 INSTALL NEW TANK

11 CONNECT NEW TANK

12 OPEN INTERNAL VALVES
13 CHECK FOR LEAKS

14 CLOSE ACCESS PANEL

16 STOW REPAIR EQUIPMENT

OO~ DNTHL WIY -

INITIALIZE GUIDANCE SYSTEM

DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY

DETERMINE CURRENT ATTITUDE

DETERMINE DESIRED ATTITUDE

ROTATE SPACECRAFT

FIRE THRUSTERS

TMS FROM PAYLOAD

RELEASE DOCKING LATCH

RETRACT DOCKING MECHANISM

MOVE AWAY FROM PAYLOAD

Salihy

N

NI

By 2.
PR [

A A
SR,
) QURLETY,

OPERATIONAL CHECKOUT AND ATTITUDE ADJUUSTMENT OF SPACECRAFT
1,2A.17 DOCK WITH SPACECRAFT

1.2A.17.1 ADJUST
1.20.47.1.¢
17.1.2
17.1.3
17.1.4
17.4.5
ADUUST
17.2.1

ORBIT

INITIALIZE GUIDANCE SYSTEM

DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY

FIRE THRUSTERS

ATTITUDE

DETERMINE CURRENT ATTITUDE
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1.2A.

.2A.

1.
1.
1.
1.
1
1
1
1
1
1
1
1
1.

2A.
2A.
24,
2A .
.3

.2A.
.RA.
eA,
L2A.
.2A.
2A.
. 2A .

RA.

17.4

1,
1
1

24,

2A.
24

1.2A.18 DEBRIS

1

1.2A,18.2 DEE

.2A,18
J2A.
.2A.
L2A.
2A .
L2A.
J2A.
.2A.

1.

1.
1

1
1
1
1.
1
1
1

.

2A.

2A.

L2A.

17 2.2 DETERMINE DESIRED ATTITUDE

17 .2 3 DETERMINE NEW CONFIGURATTION FOR SPACECRAFT COMPONENTS

17 2.4 CHODCE OPTIMAL TRAJECTORY

17.2.9 ROTATE SPACECRAFT

CPTIMAL CONTROL ALLOCATION

17.3.1 UPDATE OPACECRAFT MODEL

17 3 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE

17. ESTIMATE RIOKS FROM DESIRED FUNCTIONS

17 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE

17. DETERMINE CONSTRAINTS AND FIGURES OF MERIT

17. CHDOGE OPTIMAL CONTROL MDDE

17. COMPUTE CONTROL COMMANDS

17. EXECUTE CONTROL COMMANDS

DOCK TMS TO SPACECRAFT

17.4.1 LOCATE DOCKING TARGET

17.4.2 EXTEND DOCKING MECHANISM

17.4.3 FASTEN DOCKING LATCH

DISPOSAL

ORBITAL TRANSFER

18.1.1 INITIALIZE GUIDANCE SYSTEM

18.1.2 DETERMINE CURRENT ORBITAL PARAMETERS

18. 1

18 .1

16. 1.

18.1.
1
1
R1

[ANARANARARA]
DNAOAT D WA -

2
3 DETERMINE DESIRED ORBITAL PARAMETERS
4 CHOOSE OPTIMAL TRAUJUECTORY
5 DETERMINE CURRENT ATTITUDE
6 DETERMINC DESIRED ATTITUDE
18.1.7
18.1.8
15
1

FIRE THRUSTERS

COAST TO SUPERSYNCHRONOUS ORBIT
ISPOSAL

18 .2 TRANSFER DEBRIS TO DISPOSAL POSITION

18.2.2 JETTISON DEBRIS

1.2A.18 RENDEZVOUS WITH ORBITER
1.2A.19.1

1,

- oA A A A na

1.

2A.
.24,
.24,
L2A.
L2A.
J2A.
.24,

2A

1,24.19.2

1.

1.

27,
2A.

ORBITAL TRANSFER (OF TMS)

i0.1.1 INITIALIZE GUIDANCE SYSTEM

19 .1 DETERMINE CURRENT ORBITAL PARAMETERS
191 DETEQMINE DESIRED ORBITAL PARAMETERS
19. 1 CHOOSE OPTIMAL TRAUJECTORY

19.1.5 DETERMINE CURRENT ATTITUDE

19 .1 DETERMINE DESIRED ATTITUDE

18 .1 ROTATE SPACECRAFT

18.1.8 FIRE THRUSTERS

SHUTDOWN TMS FOR RETRIEVAL

73 2.1 STOW TMS ANTENNA

19.2.2 DEACTIVATE TMS SUBSYSTEMS

m~::.hmn.wm_.

1.2A.20 RETRIEVAL BY ORBITER
1.2A.20.1

1

.2A.

L2A .

.2A,

-t eh —h h A A) ch ch A eh s d h A A h e A v A D) e A A

.2A,
.20.1.,2 DETERMINE CURRENT ORBITAL PARAMETERS
.20.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
.20.1.4 CHODSE OPTIMAL TRAJECTORY

.20 1‘5 FIRE THRUSTERS

.20
;20
.20.
.20.
.20.

.20
.20.
.20.
.20.
.20.
.20

ADJUST ORBIT (OF ORBITER)
20.1.1 INITIALIZE GUIDANCE SYSTEM

ADUUST ATTITUDE (OF ORBITER)
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
CHOOSE OPTIMAL TRAJECTORY
ROTATE SPACECRAFT
L CONTROL ALLOCATION
UPDATE SPACECRAFT MODEL
PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS
PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT
CHDOSE OPTIMAL CONTROL MODE
COMPUTE CONTROL COMMANDS
EXECUTE CONTROL COMMANDS
R RECOVERY OF TMS
ACTIYATE RMS
LOCATE GRASPING FIXTURE ON TARGET
MOVE RMS TO FIXTURE
GRASP FIXTURE
LOCATE CRADLE IN PAYLOAD BAY
TRANSLATE PAYLDAD TO CRADLE

OPT

T
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1.2A4.20.4.7 LOCATE PAYLOAD RESTRAINTS orF P
1.2A.20.4.8 FASTEN PAYLOAD RESTRAINTS

1.2A.20 4 O RMS RELEASES PAYLOAD

1.24.20.4 10 SECURE RMS IN PAYLOAD BAY

1.2A.21 RFENTRY AND LANDING
1.24.,22 POST-FLIGHT OPERATIONS

1.
1.

2A.22.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS
2A.22.2 REMOVAL OF PAYLOADS FROM ORBITER

1.2B SERVICING MAINTENANCE AND REPAIR (OIV ONLY)

Y L L oy A e T X X L o Y Rl CX T Y T YT

This mission 1nvo1ves twc possibilities: etther an OTV carrying supplies
of consumables which would be transferred to the GSP via umbilical, or, in
the event that the GSP had 1ts own monipulator with 1imited capability, an
0TV with a repair kit tn addition to supplies of consumbales.

1.28.

1.2B.

IR
.28,
.2B. 1.

-A_A.A\)_._L.n_.m_‘_‘_n_‘_-A_.-A.A-h_aulb_a_n-n_s_s-n.._.w_s.a_A.A”_a-s...g-n_n...-;_._‘

2B,

.2B.1.1 DEFINE REQUIREMENTS

MISSION ANALYSIS

PAYLOAD ACCOMODATIONS
CREATE FUNCTIONAL LAYOUT
FAILURE MODES ANALYSIS
CREATE MECHANICAL LAYOUT
SAFETY REVIEW

DESIGN OF COMPONENTS
SOFTWARE DEVELOPMENT
COMPONENT FABRICATION

N

m
- A A A A s -
mmqamamu

.2B.2.1 PROCURE OFF-THE-SHELF COMPONENTS

,2B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
.2B8.2.3 PROCURE MANUFACTURING EQUIPMENT

.2B.2.4 MANUFACTURE COMPONENTS

COMPONENT TEST

,28.3.1 SET UP TEST FACILITIES

.2B.3.2 STRUCTURAL LOADS TESTS

.28.3.3 DATA PROCESSING AND SOFTWARE TESTS
.28.3.4 ELECTRICAL SYSTEMS TESTS

.2B.3.5 THERMAL AND VACUUM TESTS

.2B.3.6 THRUSTER TESTS

,2B.3.7 SOLAR ARRAY DEPLOYMENT TESTS
.2B.3.8 COMPONENT CZERTIFICATION

SYSTEM INTEGRATION
SYSTEM TEST

.2B.5.1 POWER SUBSYSTEM TESTS

.2B.5.2 THERMAL SUBSYSTEM TESTS

.2B.5.3 STRUCTURE SUBSYSTEM TESTS
.2B.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS
,28.5.5 COMMUNICATIONS SUBSYSTEM TESTS
.2B.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS
.2B.5.7 PROPULSION SUBSYSTEM TESTS
.2B.5.8 TRAFFIC ROUTING SUBSYSTEM TESTS
,2B.5.8 INTEGRSTED SYSTEMS TESTS
.2B.5.10 FAILURE MODES SIMULATION
.28.5.11 SYSTEM CERTIFICATION

SHIPPING TO LAUNCH SITE

.2B.6.1 REMOVE TEST EQUIPMENT

,2B8.6.2 PERFORM NECESSARY DISASSEMBLY
.2B . 6.3 PACKING

.2B.6.4 TRANSPORT TO LAUNCH SITE

PAYLOAD INTEGRATION AND CHECKOUT

.2B.7.1 UNPACKING
.28.7.2 PERFORM NECESSARY REASSEMBLY
.2B.7.3 INTEGRATED SYSTEMS TESTS

.2B.7.3.1 VERIFY POWER SYSTEM FUNCTION
.28.7.3.2 VERIFY COMMAND SYSTEM FUNCTION
.28.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
.2B.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTIOM
.2B.7.3.5 MISSION SEQUENCE SIMULATION

.2B.7.4 1 LOAD PAYLOAD INTD CONTAINER

.2B.7.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY

.2B.7.4.3 UNLDAD CONTAINER
.5 INTEGRATION WITH BOOSTERS

1
1
1
1
1
.2B.7.4 TRANSFER TO VERTICAL PROCESSING FACILITY
1
1
1
7

2A.14
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ORICI o 1.28.7.6 PERFORM INTERFACES CHECK
0 e b 1.2B.7.6.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
FPCL. o oy 1.2B.7.6.2 CHECK ELECTRICAL INTERFACES

1.2B.7.6.9 CHECK PAYLOAD/BOOSTER MECHANICAL INTERFACES
1.28.7.6.4 CHECK ELECTRICAL INTERFACES

1.28.7.7 TRANSFER TO LAUNCH PAD
1.2B.7.7.1 LOAD PAVLOAD INTO CANISTER
1.28.7.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE
1.28.7.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
1.2B.7.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
1.28.7.7.5 REMOVE CANISTER

1.2B8.7.6 ORBITER/PAYLOAD INTEGRATION (VERTICAL)
1,2B.7.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER
1.28.7.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM
1,28.7.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
1.2B.7.8.4 CHECK ELECTRICAL INTERFACES
1.28.7.8.5 CLOSE-OUT PAYLOAD BAY

1.28.8 COUNTDOWN AND LAUNCH

1.2B.8.1 CABIN CLOSEOUT

1.28.8.2 PAYLOAD SERVICING (AS REQUIRED)

1.2B8.8.3 VEHICLE CLOSEOUT

1.2B.8.4 LAUNCH COUNTDOWN

1.28.8.5 LIFTOFF

1.28.9 ORBITAL DEPLOYMENT AND CHECKOUT
1.28.9.1 SHUTTLE ATTAINS DELIVERY ORBIT
1.2B,9.2 EXTENSION OF PAYLDAD FROM PAYLOAD BAY

1.28.8.2.1 OPEN PAYLOAD BAY DOORS

1.2B8.9.2.2 ACTIVATE RMS

1.28.98.2.3 LOCATE GRASPING FIXTURE ON TARGET

1.28.8.2.4 MOVE RMS TO FIXTURE

1.28.9.2.5 GRASP FIXTURE

1.28.9.2.6 RELEASE PAYLOAD RESTRAINTS

1.2B.9.2.7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY
1.28.9.3 SEPARATION OF PAYLOAD FROM ORBITER

1.28.9.3.1 RMS RELEASES PAYLODAD
1.,2B.8.3.2 SECURE RMS IN PAYLOAD BAY
1.2B.9.4 ORBITAL TRANSFER

1.28.8.4.1 INITIALIZE GUIDANCE SYSTEM

, 1.28.9.4.2 DETERMINE CURRENT ORBITAL PARAMETERS
1.2B8.9.4.3 DETERMINE DESIRED ORBITAL PARAMETERS
1.28.9.4.4 CHOOSE OPTIMAL TRAJECTORY
1.2B.9.4.5 DETERMINE CURRENT ATTITUDE
1.2B.9.4.6 DETERMINE DESIRED ATTITUDE
1.2B.9.4.7 ROTATE SPACECRAFT
1.28.9.4.8 FIRE THRUSTERS

1.2B.10 DOCK WITH SPACECRAFT (GSP)

1.28,10.1 ADJUST ORBIT
.2B.10.1.1 INITIALIZE GUIDANCE SYSTEM
.2B.10.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
.2B.10.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
.2B.10.1.4 CHOOSE OPTIMAL TRAJECTORY
.28.10.1.5 FIRE THRU3TERS
.10.2 ADJUST ATTITUDE
.2B.10.2.1 DETERMINE CURRENT ATTITUDE
L2R.10.2.2 DETERMINE DESIRED ATTITUDE
.2B.10.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
.2 10.2.4 CHOOSE OPTIMAL TRAJECTORY
.2B.10.2.5 ROTATE SPACECRAFT
.3 OPTIMAL CONTROL ALLOCATION

1.4.2

_..._._._L...;_..._._;_._;..m_.._.._._....

.2B.10.3.1 UPDATE SPACECRAFT MODEL

.2B.10.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
.2B.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

.28.,10.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.2B.10.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT

.2B.10.3.6 CHOOSE OPTIMAL CONTROL MODE

.28.10.3.7 COMPUTE CONTROL COMMANDS

,2B8.10.3.8 EXECUTEZ CONTROL COMMANDS

1.28B. 10 4 DOCK TMS TO SPACECRAFT
1.28.10.4.1 LOCATE DOCKING TARGET
1.2B.10.4.2 EXTEND DOCKING MECHANISM
1.2B.10.4.3 FASTEN DOCKING LATCH
1.28.11 DIAGNOSTIC CHECK (OF SPACECRAFT)

2A.15
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1.28.11.1 IDENTIFY DEFECTIVE COMPONENT e,
1.,2B.11.1.1 DETERMINE ANOMALOUS DATA
1.2B8.11.1.2 FORM HYPOTHESIS FOR PROBLEM
1.28,11,1,3 DEVISE TEST FOR FAILURE HYPOTHESIS
1.2B8.11.1.4 PERFORM TEST FOR FAILURE HYPOTHESIS
1.2B.11,1.,5 IDENTIFY FAULTY COMPONENT
1.2B,11,2 IDENTIFY DEFECTIVE SOFTWARE
1.2B.11.2.1 COMPARE MEASURED DATY» 7D MODEL
1.2B.11,2.2 DETERMINE ANOMALOUS DATA
1.28.11,2,3 FORM HYPOTHESIS FOR PROTLEM
1.2B.11,2.4 DEVISE TEST FOR FAILURY HYPOTHESIS
1.2B.11.,2.5 PERFORM TEST FOR FAILURE HYPOTHESIS
1.2B.12 COMPONENT/SOFTWARE REPLACEMENT
1.2B.12.1 COMPONENT REPLACEMENT
1.28.12.1.,1 DEFINE ACCESS SEQUENCE
1.28.12.1.2 LOCATE ACCESS PANEL
1,28,12.1.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
1.2B.12.1.4 OPEN ACCESS PANEL
1.2B.12.1.5 OBSERVE/LOCATE DEFECTIVE COMPONENT

1.28.12.1.6 REMOVE COMPONENT

1.2B8.12.1.7 STORE COMPONENT

1.2B.12.1.8 LOCATE NEW COMPONENT

1.2B8.12.1.9 POSITION AND CONNECT NEW COMPONENT
1.28.12,1.10 ADJUST COMPONENT

1.2B.12.1.11 MAKE DIAGNOSTIC CHECKS
1.2B.12,1.12 CLOSE ACCESS PANEL

1.2B8.12.1.13 STOW REPAIR EQUIPMENT

1.28.12.1.14 UPDATE SPACECRAFT MODEL
1.28.12.2 SOFTWARE REPLACEMENT
1.28.12.2.1 DATA/COMMAND ENCODING
1,28.12.2.2 DATA/COMMAND TRANSMISSION
1.28.12.2.3 COMPUTER FUNCTION CHECK3
1.28,.13 RESUPPLY CONSUMABLES
1.28.13.1 FLUID REPLACEMENT (UMBILICAL)

1.2B.13.1.1 LCCATE ACCESS PANEL
1.2B.13.1.2 OPEN ACCESS PANEL
1.2E.13.1.3 CLOSE INTERNAL VALVES
1.2B.13.1.4 EXTEND AND ATTACH UMBILICAL
1.28.13.1.5 OPEN SUPPLY VALVE
1.2B.13.1.6 MONITOR FLUID TRANSFER
1.2B.13.1.7 CLOSE SUPPLY VALVE
1.28.13.1.8 DETACH AND RETRACT UMBILICAL
1.2B.13.1.9 OPEN INTERNAL VALVES
1.2B.13.1.10 CHECK FOR LEAKS

1.2B.13.1.11 TLOSE ACCESS PANEL
1.2B.14 NON-ROUTINE MAINTENANCE AND REPAIR
1.2B.15 REDEPLOY SPACECRAFT (OTV)
1.2B.15.1 ORBITAL TRANSFER
1.28.15.1.1 INITIALIZE GUIDANCE SYSTEM
1.2B.15.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
1.28.15.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
1.2B.15.1.4 CHOOSE OPTIMAL TRAJECTORY
1.28.15.1.5 DETERMINE CURRENT ATTITUDE
1.28.15.1.6 DETERMINE DESIRED ATTITUDE
1.2B.15.1.7 ROTATE SPACECRAFT
1.2B.15.1.8 FIRE THRUSTERS
1.28.15.2 UNDOCK TMS FROM PAYLOAD
1.28.15.2.1 RELEASE DOCKING LATCH
1.28.15.2.2 RETRACT DOCKING MECHANISM
1.28.15.2.3 MOVE AWAY FROM PAYLOAD
1.2B.15.3 OPERATIONAL CHECKOUT AND ATTITUDE ADJUSTMENT OF SPACECRAFT
1.28.16 RENDEZVOUS WITH ORBITER
1.28.16.1 ORBITAL TRANSFER (OF OTV)
1.2B.16.1.,1 INITIALIZE GUIDANCE SYSTEM
2 DETERMINE CURRENT ORBITAL PARAMETERS
3 DETERMINE DESIRED ORBITAL PARAMETERS
4 CHOOSE OPTIMAL TRAJECTORY
5 DETERMINE CURRENT ATTITUDE
.6 DETERMINE DESIRED ATTITUDE
7 ROTATE SPACECRAFT
8 FIRE THRUSTERS
DOWN TMS FOR RETRIEVAL
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1.28.16.2. 1 STOW TMS ANTENNA
1.20.16.2.2 DEACTIVATE TMS SUBSYSTEMS
1.28.17 RETRIEVAL BY ORBITER
1.28.17 ¢

1.28.
1.28.
1.28B.
1.28.
1.28.

1.28.17.2

1.28.
1.28.
1.28.
1.28.
1.28.

1.28.17.3

1
1
1
1
1
1
1
1
1
1
1
1
1
1
y
1
1
1

1

.2B.
.RB.
.2B.
.2B.
.28.
.2B.
.28,
.2B.
7.4
.2B.
.28,
.2B.
.2B.
.28
L2R.
.28,
.28,
.28B.
L2817
1.28.18 REENTRY AND L

ADJUST
17.1.
17.1.
17 . 1.
17.1.
17.1.
ADJUS
17.2.
17.2.
17.2.
17.2.
17.2.
OPTIMA
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1.28.18 POST-FLIGHT O
1.2B.18.1 SAFING OF ORBITER AND HAZARDOUS PAYLDADS
1.2B.19.2 REMDVAL OF PAYLOADS FROM ORBITER

ORBIT (OF ORBITER)

INITIALIZE GUIDANCE SYSTEM

DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL PARAMETERS
CHDOSE OPTIMAL TRAJECTORY

FIRE THRUSTERS

ATTITUDE (OF ORBITER)

DETERMINE CURRENT ATTITUDE

DETERMINE DESIRED ATTITUDE

DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
CHOOSE OPTIMAL TRAJECTORY

ROTATE SPACECRAFT

L CONTROL ALLOCATION

UPDATE SPACECRAFT MODEL

PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS
PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT
CHOOSE OPTIMAL CONTROL MODE

COMPUTE CONTROL COMMANDS

EXECUTE CONTROL COMMANDS
R RECOVERY OF TMS

ACTIVATE RMS

LOCATE GRASPING FIXTURE ON TARGET

MOVE RMS TO FIXTURE

GRASP FIXTURE

LOCATE CRADLE IN PAYLOAD BAY

TRANSLATE PAYLOAD TO CRADLE

LOCATE PAYLOAD RESTRAINTS

FASTEN PAYLOAD RESTRAINTS

RMS RELEASES PAYLOAD
O SECURE RMS IN PAYLOAD BAY
ANDING
PERATIONS

2A.17
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ADVANCED X-RAY ASTROPHYSICS FACILITY (AXAF) OF POON

L R R N T T Y R Y R Y

Thae main data wources used in preparing this breakdown are: NASA TM-78285
AXAF Sciance Working Group Raport, May 1980:; AXAF Phase A Raference Concept,
NASA-MSFC, November 1880.

2 Advanced X-Ray Astrophysics Facility (AXAF)

2.1A INITIAL DEPLOYMENT (SHUTTLE WITH OMS KIT)

2.1A,.1 DESIGN
2.1A.1.1
2.1A.1,2
2.1A,1.3
2.1A.1.4
2.1A.1.5
2.1A.1.6
2. 1A,
2.1A.1.8
2.1A.1.9
2.1A.1,10 SOFTWARE DEVELOPMENT

2.1A.2 COMPONENT FABRICATION
2.1A.2.1
2.1A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
2.1A,2.3 PROCURE MANUFACTURING EQUIPMENT
2.1A.2.4 MANUFACTURE COMPONENTS
2.1A.2.5 MIRROR SURFACE FINISHING

2.1A.3 COMPONENT TEST
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1.7

DEFINE REQUIREMENTS

MISSION ANALYSIS

PAYLOAD ACCOMMODATIONS

CREATE FUNCTIONAL LAYOUT

FAILURE MODES ANALYSIS

ADJUST DESIGN FOR MAINTENANCE AND REPAIR
CREATE MECHANICAL LAYOUT

SAFETY REVIEW

DESIGN OF COMPONENTS

PROCURE OFF-THE~SHELF COMPONENTS

SET UP TEST FACILITIES

STRUCTURAL LOADS TESTS

DATA PROCESSING AND SOFTWARE TESTS
SOLAR ARRAY DEPLOYMENT TESTS
ELECTRICAL SYSTEMS TESTS

THERMAL AND VACUUM TESTS

DETECTOR ALIGNMENT TESTS

MIRROR DRIVE SYSTEMS TEETS

MIRROR OPTICAL TESTS

.10 COMPONENT CERTIFICATION
2.1A, 4 SYSTEM INTEGRATION
2.1A.5 SYSTEM TEST

WERIAU L WN -

POWER SUBSYSTEM TESTS

THERMAL SUBSYSTEM TESTS

STRUCTURE SUBSYSTEM TESTS

INFORMATION PROCESSING SUBSYSTEM TESTS
COMMUNICATIONS SUBBSYSTEM TESTS
ATTITUDE CONTROL SUBSYSTEM TESTS
OPTICAL SUBSYSTEM TESTS

INTEGRATED SYSTEMS TESTS

FAILURE MODES SIMULATION

.10 SYSTEM CERTIFICATION

2.1A. 6 SHIPPING TO LAUNCH SITE
2.1A.6.1 REMOVE TEST EQUIPMENT
2.1A.6.2 PERFORM NECESSARY DISASSEMBLY
2.1A4.6.3 PACKING
2.1A.6.4 TRANSPORT TO LAUNCH SITE
2.1A.7 PAYLOAD INTEGRATION AND CHECKOUT
2.9A.7 .1
2.1A.7.2
2.

UNPACKING
PERFORM NECESSARY REASSEMBLY
INTEGRATED SYSTEMS TESTS

.7.3.1 VERIFY POWER SYSTEM FUNCTION

2 VERIFY COMMAND SYSTEM FUNCTION

3 VERIFY MECHANICAL SYSTEM FUNCTION

.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION

.5 VERIFY DETECTOR SYSTEM FUNCTION

6 MISSION SEQUENCE SIMULATION

SFER TO OPERATIONS AND CHECKOUT BLDG.

1 LOAD PAYLOAD INTO CONTAINER

2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
3 ATTACH STRONGBACK TO PAYLOAD

4 INSTALL PAYLOAD IN HORIZONTAL CITE

FORM INTERFACES CHECK

§.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES

3
3
3
3
.3.
AN
4.
4.
4,
4.
R

7
7
7
7
7
TR
7.
7.
T.
7.
PE
7.

.7.5.2 CHECK ELECTRICAL INTERFACES

TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY

2A.18
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oF & . 2.1A.7.6.1 ATTACH STRONGBACK TO PAYLOAD

7.6.1

2.1A.7.6.2 LOAD PAYLOAD INTO CANISTER

2.1A.7.6.3 REMOVE STRONGBACK

2.14.7.6.4 CLOSE CANISTER

2.1A.7.6.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
2.1A.7.7 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL)

2.1A.7.7.1 ATTACH STRONGBACK TO PAYLOAD

2.1A.7.7.2 INSTALL PAYLOAD IN ORBITER

2.1A.7.7.3 CONNECT ORBITER/PAYLOAD INTERFACES

2.1A.7.7.4 CHECK ELECTRICAL INTERFACES

2.1A.7.7.5 INSTALLATION OF OMS KIT

2.1A.7.7.6 CLOSE-OUT PAYLOAD BAY

2,1A.8 COUNTDOWN AND LAUNCH
2.1A.9 ORBITAL DEPLOYMENT AND CHECKOUT
2.1A.9.1 SHUTTLE ATTAINS DELIVERY ORBIT °
2.1A.8.2 EXTENSION OF PAYLOAD FROM PAYLOAD BAY
2.1A.9.2.1 OPEN PAYLOAD BAY DOORS
2.1A.9.2.2 LOCATE GRASPING FIXTURE ON TARGET

The target 15 AXAF,
2.1A.9.2.3 GRASP FIXTURE
2.1A.9.2.4 RELEASE PAYLOAD RESTRAINTS
2.1A.9.2.5 TILT PAYLOAD TO VERTICAL POSITION

AXAF 1s mounted on a tilt=-table.

2.1A.9.3 EXTEND DEPLOYABLE COMPONENTS
2.1A.9.3.1 LOCATE SOLAR ARRAY RESTRAINTS
2.1A.9.3.2 RELEASE SOLAR ARRAY RESTRAINTS
2.1A.9.3.3 LOCATE GRASPING FIXTURE ON TARGET
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The target is the AXAF solar array.
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3.4 GRASP FIXTURE

.3.5 DEPLOY SOLAR ARRA

.3.6 LOCATE SUNSHADE RESTRAINTS

3.7 RELEASE SUNSHADE RESTRAINTS

3.8 LOCATE GRASPING FIXTURE ON TARGET

e e = m e e e e S e W R S B0 e e = T e P S e e e e Be S e e G S e T e e e e v D B T e % M G e e e e e e e = e e

The target i1s the AXAF sunshade.
.9 GRASP FIXTURE
.10 OPEN SUNSHADE
.11 DEPLOY TDRSS ANTENNAS
TS OF ATTACHED PAYLOAD
.1 COMMAND DETECTOR SE! ECTION

Command to rotate detector carousel 1s e .ered from Orbiter.
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Data from AXAF is checked to verify detector selection.

T T o g I U U U

AXAF data 1s monitored by Orbiter.
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Detector and housekeeping data is evaluated to verify correct response
to command.
2.1A.9.5 SEPARATION OF PAYLOAD FROM ORBITER
2.1A4,8.5.1 LOCATE GRASPING FIXTURE ON TARGET

The target is AXAF.
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2.1A4.8.5.2 GRASP FIXTURE
2.1A.9.5.3 RELEASE PAYLOAD RESTRAINTS
2.1A.8.5.4 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY
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2.1A.9.5.5 RMS RELEASES PAYLOAD
2.1A,9.6 OPERATIONAL CHECKOUT
2, 1A 9.6.1 ACTIVATE AXAF SUBSYSTEMS

Attitude contro\. communications, thermal control systems are
activated,
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2.1A,9.6.2 COMMAND ATTITUDE CHANGE

L e L R

Command to change pointing is entered, Tttt
"""""""" 2.1A.9.6.3 OBSERVE ATTITUDE CHANGE
“TOrbiter observes results of attitude change command.
T T2 A 5.6.4 MONITOR TELEMETRY
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AXAF data output is monitored by ground throurh TDRSS.
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Detector and housekeeping data is evaluated to verify correct response
to command.
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If system performance is not adequate, retrieval may be necessary,
for repairs in payload bay or on ground.
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.9.7.2 DETERMINE CURRENT ATTITUDE
2.1A.8.7.% DETERMINE DESIRED ATTITUDE
9.7
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2.1A4.9.7.5 CHOOSE OPTIMAL TRAJECTORY
8.7.6 ROTATE SPACECRAFT
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2.1A.9.7 7 DETERMINE DISTURPING TORQUES
2.14.8.7.8 COMPUTE REQUIRED RESULTANT
2.14.9.7.9 APPLY COMPENSATIN3 TORQUES

2.1A.9.7 .10 SHUTDOWN SPACECRAFT SYSTEMS
2.1A.9.8 ATTACH AXAF TO ORBITER

2.1A.9.8.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER
2.1A.9.8.2 LOCATE GRASPING FIXTURE ON TARGET

The target is AXAF.

2.1A,9.8.3 GRASP FIXTURE
2,14, 9 8.4 TRANSLATi ‘'AYLOAD TO CRADLE
2.1A.9.8.5 FASTEN PAYLOAD RESTRAINTS

2.1A.8.9 IDENTIFY DEFECTIVE COMPONENT
2.1A.9.9.1 DETERMINE ANOMALOUS DATA
2.1A.8.8.2 FORM HYPOTHESIS FOR PROBLEM
2.1A.9.9.3 DEVISE TEST FOR FAILURE HYPOTHESIS
2.1A.9.9.4 PERFORM TEST FOR FAILURE HYPOTHESIS
2.1A4.9.9.5 IDENTIFY FAULTY COMPONENT

2.1A.9.10A COMPONENT FAILURE RECOVERY (REDUNDANCY)
2.1A.9.10A.1 SWITCH OUT FAULTY COMPONENT
2.1A.9.10A.2 SWITCH IN REDUNDANT COMPONENT
2.1A.9.10A.3 MAKE DIAGNOSTIC CHECKS
2.1A.9.10A.4 UPDATE SPACECRAFT MODEL

2.1A.9.108B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)

2A.20
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2.1A.9.108B .1 DEFINE ACCESS SEQUENCE

2.1A.8.108.2 LOCATE ACCESS PANEL .
2.1A.9.108.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
2.1A.8.10B.4 OPEN ACCESS PANEL

2.1A.9.10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
2.1A.9.108.6 REMOVE COMPONENT

2.1A.9.10B.7 STORE COMPONENT

2.1A.9.10B.8 LOCATE NEW COMPONENT

2.1A.8.108.9 POSITION AND CONNECT NEW COMPONENT
2.1A.8.10B. 10 ADJUST COMPONENT

2.1A.9.108.11 MAKE DIAGNOSTIC CHECKS
2.1A.8.10B.12 CLOSE ACCESS PANEL®

2.1A.9.10B.13 STOW REPAIR EQUIPMENT

2.1A.9.11 IDENTIFY DEFECTIVE SOFTWARE

2.1A.9.11.1 COMPARE MEASURED DATA TO MODEL
2.1A.9.11.2 DETERMINE ANOMALOUS DATA
2.1A.8.11.3 FORM HYPOTHESIS FOR PROBLEM
2,1A.8.141.4 DEVISE TEST FOR FAILURE HYPOTHESIS
2.1A.9.11.5 PERFORM TEST FOR FAILURE HYPDTHESIS
2.1A.9.11.6 IDENTIFY FAULTY SOFTWARE

2.1A.9.,12 SOFTWARE FAILURE RECOVERY
2.1A.9.12.1 DETERMINE CORRECTION ALGORITHM
2,1A.9.12.2 DATA/COMMAND ENCODING
2.1A.9.12.3 DATA/COMMAND TRANSMISSION
2.1A.9.12.4 COMPUTER FUNCTION CHECKS
2.1A.10 SECURE PAYLOAD IN ORBITER
2.1A.10.1 RETRACT DEPLOYABLE PAYLOAD CDMPONENTS
.1A.10.1.1 RETRACT TDRSS ANTENNAS
A.10.1.2 LOCATE SUNSHADE RESTRAINTS
.1A.10.1.3 RELEASE SUNSHADE RESTRAINTS
A.10.1.4 LOCATE GRASPING FIXTURE ON TARGET
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2 1.5 GRASP FIXTURE

2. . . 1.6 CLOSE SUNSHADE

2.1A.10.1.7 LOCATE SOLAR ARRAY RESTRAINTS

2 1.8 RELEASE SOLAR ARRAY RESTRAINTS

2 1.9 LOCATE GRASPING FIXTURE ON TARGET

The target is the AXAF solar array.
2.1A.10.1.10 GRASP FIXTURE
2.1A.10.1.11 RETRACT SOLAR ARRAYS
2.1A.10.2 RETRACTION OF PAYLOAD INTD PAYLOAD BAY
2.1A.10.2.1 LOCATE GRASPING FIXTURE ON TARGET
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The target i1s AXAF,

2.1A.10.2.2 GRASP FIXTURE
2.3 TILT PAYLOAD TO HORIZONTAL POSITION
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2.1A.10.2.4 FASTEN PAYLDAD RESTRAINTS
2.1A.10.2.5 CLCSE PAYLOAD BAY DOORS
.1A. 11 REENTRY AND LANDING
1A, 12 POST-FLIGHT OPERATIONS
2.1A.12.1 SAFING OF ORBITER
2.1A,12.2 REMOVAL OF PAYLOAD FROM ORBITER
2.1A.12.2. 1 OPEN PAYLOAD BAY DOORS
2.1A.12.2.2 ATTACH STRONGBACK TO PAYLOAU
2.14.12.2.3 LOAD PAYLODAD INTO CANISTER
2.1A.13 STATUS MONITORING AND RESOURCE ALLOCATION
2.1A.13.1 TEMPERATURE MANAGEMENT
2.1A.13. 1.1 MEASURE COMPONENT TEMPERATURES
2.1A.13.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS
2.1A.13.1.3 ADJUST HEATING/COOLING SYSTEMS
2.1A.13.2 POWER MANAGEMENT
2.1A.13.2.1 MEASURE CURRENTS3 AND VOLTAGES
2.1A.13.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
2.1A.13.2.3 ADJUST CURRENT!, AND VOLTAGES

NN
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2.1A.13.2.4 EVALUATE BATTERY CHARGING PERFORMANCE

2.1A.13.2.5 ADJUST BATTERY CHARGING CYCLE ' ORIGINAL PACT 1O
2.1A.13.3 DATA/COMMAND PROCESSING MLITY

2.1A.13.8.1 SHORT-TERM MEMORY STORAGE OF POOR QUALITY

2.1A.13.3.2 LONG-TERM MEMORY STORAGE

2.1A.13.3.3 DATA/COMMAND ENCODING

2.1A.13.3.4 DATA/COMMAND DECODING

2.1A.13.3.5 NUMERICAL COMPUTATION

2.1A.13.3.6 LOGIC OPERATIONS

2.1A.13.3.7 COMPUTER LOAD SCHEDULING

2.1A.13.3.8 COMPUTER FUNCTION CHECKS
2.1A.13.4 CONSUMABLES MANAGEMENT

2.1A.13.4.1 MONITOR BATTERIES

2.1A.13.4.2 MONITOR GAS SUPPLIES

2.1A.13.4.3 MONITOR COOLING SYSTEM SUPPLIES

2.1A.13.4.4 PRESSURIZE DETECTORS WHEN NEEDED

2.1A.13.4.5 DEPRESSURIZE DETECTORS WHEN NOT IN USE

2.1A.13.4.6 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE

2.1A.13.4.7 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

2.1A.13.5 STRUCTURAL MANAGEMENT
.1A,13.5.1 MEASURE STRAINS IN STRUCTURE
. 1A.13.5.2 MEASURE RELATIVE DISPLACEMENTS
.13.5,3 COMPUTE STRESS AND VIBRATION PARAMETERS
.1A.13.5.4 APPLY COMPENSATING FORCES
.1A.13.5.5 APPLY VIBRATION DAMPING
2.1A. 13 6 HAZARD AVOIDANCE
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2.1A.13.6.1 COMPUTE POSITIONS OF SUN, EARTH, MODON
2.1A.13.6.2 DETERMINE ANGLES RELATIVE TO TELESCDPE LINE-OF~-SIGHT
2.1A.13.6.3 MONITOR BRIGHT OBJECT DETECTOR
2.1A.13.6.4 MONITOR SAA DETECTOR
2.1A.13.6.5 COMPARE DETECTOR DUTPUT TC PRESET LIMITS
2.1A.13.6.6 CLOSE OPTICAL SHUTTERS
2.1A.13.6.7 REDUCE VOLTAGES IN SENSITIVE EQUIPMENT
2.1A,13.6.8 SHUTDOWN DETECTORS
2.1A.13.7 OPTIMAL SEQUENCING
2.1A.13.7.1 UPDATE SPACECRAFT MODEL
2.1A.13.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
2.1A.13.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
2.1A.13.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
2.1A.13.7.5 DETERMINE CONSTRAINTS AND FIGURES DF MERIT
2.1A.13.7.68 COMPUTE OPTIMAL SEQUENCING

2.1A,13.8 ICENTIFY DEFECTIVE COMPONENT
,1A.13.8.1 DETERMINE ANOMALOUS DATA
.1A.13.8.2 FORM HYPOTHESIS FOR PROBLEM
.13.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS
.1A.13.8.4 PERFORM TEST FOR FAILURE HYPDTHESIS
L1A.13.8.5 IDENTIFY FAULTY COMPONENT
2.1A, 13 SA COMPONENT FAILURE RECOVERY (REDUNDANCY)
2.1A.13.8A.1 SWITCH OUT FAULTY COMPONENT
2.1A.13.8A.2 SWITCH IN REDUNDANT COMPONENT
2.1A.13.9A.,3 MAKE DIAGNOSTIC CHECKS
2.1A,13.9A.4 UPDATE SPACECRAFT MODEL
2.15.13.98 COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)
.1A.13.88.1 DEFINE ACCESS SEQUENCE
LOCATE ACCESS PANEL
TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT
STORE COMPONENT
LOCATE NEW COMPONENT
POSITION AND COMNECT NEW COMPONENT
A, . ADJUST COMPONENT
1A, 13.98, 10 MAKE DIAGNOSTIC CHECKS
.1A.13.8B.11 CLOSE ACCESS PANEL
.1A.13.9B.12 STOW REPAIR EQUIPMENT
2.1A. 13 10 IDENTIFY DEFECTIVE SOFTWARE
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2.1A.13.10.1 COMPARE MEASURED DATA TO MODEL
2.1A.13.10.2 DETERMINE ANOMALOUS DATA
2.1A.13.10.3 FORM HYPOTHESIS FOR PROBLEM
2.1A.13.10.4 DEVISE TEST FOR FAILURE HYPOTHES1S
2.1A.13.10.5 PERFORM TEST FOR FAILURE HYPOTHESIS
2.1A.13.10.6 IDENTIFY FAULTY SOFTWARE
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2.1A.13. 11 SOFTWARE FAJLURE RECOVERY
2.1A.13. 11,1 DETERMINE CORRECTION ALGORITHM
2.1A.13.11.2 DATA/COMMAND ENCODING
2.1A.13.11.3 DATA/COMMAND TRANSMISSION
2.1A.13.11.4 COMPUTER FUNCTION CHECKS

2.1A.143.12 REPORT SYSTEM STATUS
2.1A.13.12.1 DATA/COMMAND ENCODING
2.1A.13.12.2 DATA/COMMAND TiANSMISSION
2.1A.13.12.3 DATA/COMMAND DECODING
2.1A.13.12.4 DATA/COMMAND DISPLAY

2.1A. 14 ATTITUDE CONTROL & STATIONKEEPING

2.1A.14.1 MAINTAIN/CHANGE ATTITUDE

2.1A.14. 1.1 INITIALIZE GUIDANCE SYSTEM
Update inertial refercence system.,

2.1A.14.1.2 DETERMINE CURRENT ATTITUDE
2.1A.14.1.3 DETERMINE DESIRED ATTITUDE
2.1A.14. 1.4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS

Main components are solar arrays and radiators.
2.1A.14.1.5 CHOOSE OPTIMAL TRAJECTORY
2.1A.14.1.6 ROTATE SPACECRAFT

Use magnetic torquers for attitude control
2.1A.14.1.7 DETERMINE DISTURBING TOROUES
2.1A.14.1.8 COMPUTE REQUIRED RESULTANT
2.1A.14.1.9 APPLY COMPENSATING TORQUES
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Use magnetic torquers.

2.1A.14.2 OPTIMAL CONTROL ALLOCATION

2.1A.14 2.1 UPDATE SPACECRAFT MODEL
2.1A.14.2.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
2.1A 14.2.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
2.1A.14.2.4 DETERMINE CONSTRAINTS AND FIGURES OF MERIT

, 2.1A.14.2.5 COMPUTE CONTROL COMMANDS
2.1A.14.2.6 EXECUTE CONTROL COMMANDS

2.1A.15 OBSERVATION SEQUENCE
2.1A.15.1 IDENTIFY DESIRED ATTITUDE
2.1A.15.1,1 RECEIVE GROHUND COMMANDS
2.1A.15.1.2 DATA/COMMAND DECODING
2.1A.15.2 SELECT DETECTOR TO BE USED

2.1A.15.2 .1 RECEIVE GROUND COMMANDS
2.1A.15.2.2 DATA/COMMAND DECODING

2 1A.15.2.3 MOVE DETECTOR INTO POSITION
2.1A.15.2 .4 DETECTOR POWER ON
2.1A.15.2.5 DETECTOR COOLING ON
2.1A.15.2.6 OPEN DETECTOR APERTURES
2.1A.15.2.7 FINE FOCUS DETECTOR

.1A.15.3 OPERATE DETECTOR AND ASPECT SYSTEM
2.1A.15.3.1 TAKE DATA FROM DETECTOR
2.1A.15.3.2 TAKE DATA FROM ASPECT SENSORS
2.1A.15.3.3 DATA/COMMAND ENCODING
2.1A.15.3.4 DATA/COMMAND TRANSMISSION
2.1A.16 ON-ORBIT ALIGNMENT OF TELESCOPE SYSTEM
2.1A.16.1 IDENTIFY DESIRED ATTITUDE
2.1A.16.1.1 PICK %-RAY SOURCE WITH KNOWN OPTICAL COUNTERPART
2.1A.16.1.2 DETERMINE DESIRED ATTITUDE
2.¢A.16.2 LOCATE X~RAY SOURCE

2.1A.1G.2.1 MOVE DETECTOR INTOD PCSITION

2.1A.16.2.2 DETECTOR POWER ON

2.1A.16.2.3 DETECTOR COOLING ON

2.1A.16.2.4 OPEN DETECTOR APERTURES

2.1A.16.2.5 FINE FOCUS DETECTOR

2.1A.16.2.6 TAKE DATA FROM DETECTOR

2.1A.16.2.7 DATA/COMMAND ENCODING

2.1A4.16.2.8 DATA/COMMAND TRANSMISSION

2.1A.16.2.9 DETERMINE IF TARGET IS WITHIN DETECTOR FOQV
2.1A.16.3 LOCATE OPTICAL COUNTERPART
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2.1A.16.3.1 TAKE DATA FROM ASPECT SENSORS

2.1A.16,3.2 DATA/COMMAND ENCODING

2.1A,16.3,3 DATA/COMMAND TRANSMISSION

2.1A.16.3.4 DETERMINE 1F TARGET 1S WITHIN ASPECT SENSOR FOV
2.1A.16.3.5 SELECT NEW TELESCOPE ATTITUDE IF NECESSARY
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1f target has not been found, another try must be made.
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2.1A.16.4 DETERMINE RELATIVE ALIGNMENT
2.1A,16.4.1 TAKE DATA FROM DETECTOR

2.1A.16.4.2 TAKE DATA FROM ASPECT SENSORS SIS
2.1A.16.4.3 DATA/COMMAND ENCODING ORICINAL 7.7 = )
2.14.16.4.4 DATA/COMMAND TRANSMISSION OF POOR QUALITY

2.1A.16.4.5 PROCESS IMAGE DATA
2.1A.16.4.6 DETERMINE ALIGNMENT CORRECTION

2.18 INITIAL DEPLOYMENT (SHUTTLE WITH TMS URPER STAGE)
2.18.1 DESIGN

2.1B.1.1 DEFINE REQUIREMENTS

2.18.1.2 MISSION ANALYSIS

2.18.1.3 PAYLOAD ACCOMMODATIONS

2.18.1.4 CREATE FUNCTIONAL LAYDUT

2.1B.1.5 FAILURE MODES ANALYSIS

2.18.1.6 ADUUST DESIGN FOR MAINTENANCE AND REPAIR
2.1B.1.7 CREATE MECHANICAL LAYOUT

2.18.1.8 SAFETY REVIEW

2.18B.1.9 DESIGN OF COMPONENTS

2.1B.1, 10 SOFTWARE DEVELOPMENT
2.18.2 COMPONENT FABRICATION
2.18.2.1 PROCURE OFF-THE-SHELF COMPONENTS
2.1B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
2.18.2.3 PROCURE MANUFACTURING EQUIPMENT
2,.18.2.4 MANUFACTURE COMPONENTS
2,.1B,2 MIRROR SURFACE FINISHING
2.18.3 COMPONENT TEST
2.1B.3.1 SET UP TEST FACILITIES
2.1B.3.2 STRUCTURAL LOADS TESTS
2.1B.3.3 DATA PROCESSING AND SOFTWARE TESTS
4 SOLAR ARRAY DEPLOYMENT TESTS
2.18.3.5 ELECTRICAL SYSTEMS TESTS
6
7
8
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THERMAL AND VACUUM TESTS
DETECTOR /LIGNMENT TESTS
.8 THRUSTER Tc3TS
.9 MIRROR ORIVE SYSTEMS TESTS
. .10 MIRROR OPTICAL TESTS
.1B.3.11 COMPONENT CERTIFICATION
2.18. 4 SY:TEM INTEGRATION
2.1B.5 SYSTEM TEST
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2.1B.5.1 POWER SUBSYSTEM TESTS

2,1B8.5.2 THERMAL SUBSYSTEM TESTS

2.1B.5.3 STRUCTURE SUBSYSTEM TESTS
2.1B.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS
2.1B.5.5 COMMUNICATIONS SUBSYSTEM TESTS
2.18.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS
2.18.5.7 OPTICAL SUBSYSTEM TESTS

2.1B.5.8 PROPULSION SUBSYSTEM TESTS
2.18.5.9 INTEGRATED SYSTEMS TESTS
2.18.5.10 FAILURE MODES SIMULATION
2.1B.5.11 SYSTEM CERTIFICATION

2.1B.6 SHIPPING TO LAUNCH SITE
2.1B.6.1 REMOVE TEST EQUIPMENT
2.18.6.2 PERFORM NECESSARY DISASSEMBLY
2.1B.6.3 PACKING
2.18.6.4 TRANSPORT TO LAUNCH SITE
2.1B.7 PAYLOAD INTEGRATION AND CHECKOUT
2.1B.7.1 UNPACKING
2.18.7.2 PERFORM NECESSARY REASSEMBLY
2.1B.7.3 INTEGRATED SYSTEMS TESTS
2.18.7.3.1 VERIFY POWER SYSTEM FUNCTION
2.1B.7.3.2 VERIFY COMMAND SYSTEM FUNCTION
2.1B.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
2.18.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
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Qﬂf{"‘g“?ﬂq e ] .5 VERIFY DETECTOR SYSTEM FUNCTION
OF FOURr Gl ¢ .3.6 MISSION SEQUENCE SIMULATION

dvsal RANSFER TO OPERATIONS AND CHECKOUT BLDG,
1 LOAD PAYLOAD INTO CONTAINER
2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
3 ATTACH STRONGBACK TO PAYLOAD

4,
.4,
.4,
.4.4 INSTALL PAYLDAD IN HORIZONTAL CITE
T
R
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GRATE TMS WITH PAYLOAD
ORM INTERFACES CHECK
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.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES

6.2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
6.3 CHECK ELECTRICAL INTERFACES

ANSFER TMS/PAYLOAD TO DRBITER PROCESSING FACILITY
.7.1 ATTACH STRONGBACK TO PAYLOAD

.7.2 LOAD PAYLDAD INTO CANISTER

.7.3 REMOVE STRONGBACK
.
7.
Bl
.8.
.B.
.B.
.8.
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4 CLOSE CANISTER
5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY

N
-
[+¢]

ER/PAYLOAD INTEGRATION (HORIZONTAL)

. ~1-

T
1 ATTACH STRONGBACK TO PAYLDAD

2 INSTALL PAYLOAD IN ORBITER

3 CONNECT ORBITER/PAYLOAD INTERFACES
4

.5

CHECK ELECTRICAL INTERFACES
CLOSE-0OUT PAYLOAD BAY
2,18, 7.8 6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
2.1B.8 COUNTDOWN AND LAUNCH
2.18.9 ORBITAL DEPLOYMENT AND CHECKOUT
2.1B.9.1 SHUTTLE ATTAINS DELIVERY ORBIT
2.18.9.2 EXTENSION OF PAYLOAD FROM PAYLDAD BAY
2.18.9.2.1 OPEN PAYLOAD BAY DOORS
2.1B.9.2.2 LOCATE GRASPING FIXTURE ON TARGET

mmmmmmmmmmmqmmmmmmmmmamm

NRORRODN: DR

The target is AXAF.
2.18.9.2.3 GRASP FIXTURE
2,1B.9.2.4 RELEASE PAYLOAD RESTRAINTS
2.1B.9.2.5 TRANSLATE PAYLOAD OUT OF PAYLDAD BAY
2.18.9.3 OPERATIONAL CHECKOUT OF TMS

2.1B.9.3.1 ACTIVATE TMS SUBSYSTEMS

2.1B.9.3.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT

2.1B.9.3.3 POWER SUBSYSTEM CHECKOUT

2.18.9.8.4 THERMAL SUBSYSTEM CHECKOUT

2 18.9.3.5 STRUCTURAL SUBSYSTEM CHECKOUT

2.18.9.3.6 COMMUNICATIONS SUBSYSTEM CHECKOUY

2.1B.9.3.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT

2.18.9.3.8 PROPULSION SUBSYSTEM CHECKOUT

2.18.98.3.8 CONSUMABLES LEVELS CHECKOUT
2.18.9.4 ORBITAL TRANSFER (OF TMS/SPACECRAFT)

2,18.9.4.1 INITIALIZE GUIDANCE SYSTEM

Update inertial reference system.

e e L R R - - - .- -

2.1B.9.4.2 DETERMINE CURRENT ORBITAL PARAMETERS
2.1B.9.4.3 DETERMINE DESIRED ORBITAL PARAMETERS
2.18B.9.4.4 CHOOSE OPTIMAL TRAJECTORY

2.1B.9.4.5 DETERMINE CURRENT ATTITUDE
2.1B.9.4.6 DETERMINE DESIRED ATTITUDE
2.18.9.4.7 ROTATE SPACECRAFT

2,.18.9.4.8 FIRE THRUSTERS

2.1B.9.5 EXTEND DEPLOYABLE COMPONENTS
2.18.9.5.1 LOCATE SOLAR ARRAY RESTRAINTS
2.i8.9.5.2 RELEASE SOLAR ARRAY RESTRAINTS
2.48.9.5.3 LOCATE GRASPING FIXTURE ON TARGET
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The target is the AXAF solar array.
2.1B.9.5.4 GRASP FIXTURE
2.18.9.5.5 DEPLOY SOLAR ARRAYS
2.18.9.5.6 LDCATE SUNSHADE RESTRAINTS
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2.18.9.5.7 RELEASE SUNSHADE RESTRAINTS
2.18.9.5.8 LOCATE GRASPING FIXTURE ON TARGET

L R R e L L L L L E T Y P P T T P T T Y LY T T

The target is tha AXAF sunshade.
2.18.9.8.9 GRASP FIXTURE
2,1B.9.5.10 OPEN SUNSHADE
2.18.9.5.11 DEPLOY TDRSS ANTENNAS
2.1B.9.6 UNDOCK TMS FROM PAYLOAD
2,1B.9.6.1 RELEASE DOCKING LATCH
2.18.9.6.2 RETRACT DODCKING MECHANISM
2.18.9.6.3 MOVE AWAY FROM PAYLOAD
2.1B.9.7 OPERATIONAL CHECKOUT OF AXAF
2,18.9.7.1 ACTIVATE AXAF SUBSYSTEMS
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Attitude control, communications, thermal control systems are
activated, '

2.18.9.7.2 COMMAND ATTITUDE CHANGE
Command to change pointing is entered.
2.18.9.7.3 OBSERVE ATTITUDE CHANGE

Orbitaer observes results of attitude change command,

2.1B.2.7.4 MONITOR TELEMETRY

D L o e R e N e e e e

AXAF data is monitored by Orbiter.
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Detector and housekeeping data 1s evaluated to verify correct response
to command,

D e e L e R e L L L N

If system paerformance 1S not adequate, retrieval may be necessary,
for repairs in payload bay or on ground.

Update inertia) reference system,
2.18B.8.8.2 DETERMINE CURRENT ATTITUDE
2.18.9.8.3 DETERMINE DESIRED ATTITUDE

2.1B.9.8.4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
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2.18.9.8.5 CHDOSE OPTIMAL TRAJECTORY
2.18.9.8.6 ROTATE SPACECRAFT
Use magnetic torquers for att1tude control.

2.18.9.8.7 DETERMINE DISTURBING TORQUES
2.18.9.8.8 COMPUTE REQUIRED RESULTANT
2.1B.9.8.9 APPLY COMPENSATING TORQUES

Use magnetic torquers,

2.18.9.8.10 SHUTDOWN SPACECRAFT SYSTEMS
2.1B.9.9 DOCK TMS TO SPACECRAFT
2.1B.9.9.1 LOCATE DOCKING TARGET
2.18.9.9.2 EXTEND DOCKING MECHANISM
2.1B.9.8.3 FASTEN DOCKING LATCH
2.18.9.10 RETRACT DEPLOYABLE PAYLOAD COMPONENTS
2.1B.9.10.1 RETRACT TDRSS ANTENNAS
2.18.9.10.2 LOCATE SUNSHADE RESTRAINTS
2.18.9.10.3 RELEASE SUNSHADE RESTRAINTS
2.1B.9.10.4 LOCATE GRASPING FIXTURE ON TARGET
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The target i5 the AXAF sunshade,
2.18.9.10.5 GRASP FIXTURE
2.18.8,10.6 CLOSE SUNSHADE
2.18.9.10.7 LOCATE SOLAR ARRAY RESTRAINTS
2.18.6.10.8 RELEASE SOLAR ARRAY RESTRAINTS
2.18.0,10.9 LOCATE GRASPING FIXTURE ON TARGET
The target 15 the AXAF solar array.
2.18.8.10.10 GRASP FIXTURE
2.18.8.10.11 RETRACT SOLAR ARRAYS
2.18.9.11 IDENTIFY DEFECTIVE COMPONENT
2.1B.8.11.1 DETERMINE ANOMALOUS DATA
2.18.9.11,2 FORM HYPOTHESIS FOR PROBLEM
2.18.0.11.3 DEVISE TEST FOR FAILURE HYPOTHESIS
2.18.8,.11.4 PERFORM TEST FOR FAILURE HYPOTHESIS
2.18,8.11.5 IDENTIFY FAULTY COMPONENT
2.1B.8.12A COMPONENT FAILURE RECOVERY (REDUNDANCY)
2.1B.9,12A.1 SWITCH OUT FAULTY COMPONENT
2.18.9,.12A.2 SWITCH IN REDUNDANT COMPONENT
2.18.9,12A.3 MAKE DIAGNOSTIC CHECKS
2.18.9.124.4 UPDATE SPACECRAFT MODEL
2.18.9.128 COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)
2.1B.8.12B.1 DEFINE ACCESS SEQUENCE
2.18.8.128.2 LOCATE ACCESS PANEL
2.18.9.128.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
.1B.8.12B.4 OPEN ACCESS PANEL
.1B.8.12B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
.18.9.12B.6 REMOVE COMPONENT
.18.9.12B.7 STORE COMPONENT
.1B.9.12B.8 LOCATE NEW COMPONENT
.1B.8.12B.9 POSITION AND CONNECT MNewW COMPONENT
.1B.9.12B.10 ADJUST COMPONENT
.1B.9.12B.11 MAKE DIA/NOSTIC CHECKS
.1B.9.12B.12 CLOSE ACCESS PANEL
.1B.9.12B.13 STOW REPAIR EQUIPMENT
2.1B. 9 13 IDENTIFY DEFECTIVE SOFTWARE
.18.8.13.1 COMPARE MEASURED DATA TO MODEL
.18. .13.2 DETERMINE ANDMALOUS DATA
.13.3 FORM HYPOTHESIS FOR PROBLEM
.13.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.13.5 PERFORM TEST FDR FAILURE HYPOTHESIS
.13.6 IDENTIFY FAULTY SOFTWARE
2.1B. 9 14 SOFTWARE FAILURE RECOVERY
2,.1B.8.14.1 DETERMINE CORRECTION ALGORITHM
2.18.9.14.2 DATA/COMMAND ENCODING
2.18.8.14.3 DATA/COMMAND TRANSMISSION
2.18.9.14.4 COMPUTER FUNCTION CHECXS
2.1B.10 RENDEZVOUS WITH ORBITER
2,18.10.1 ORBITAL TRANSFER (OF TMS)
2.1B.350.1, INITIALIZE GUIDANCE SYSTEM
Update inertial reference uystem.
DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL PARAMETERS
4 CHOOSE OPTIMAL TRAJECTORY
.5 DETERMINE CURRENT ATTITUDE
.6 DETERMINE DESIRED ATTITUDE
.7 ROTATE SPACECRAFT
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Use magnetic torquers for attitude control,

2.1B. 10 1.8 FIRE THRUSTERS

2.1B.10.2 SHUTDOWN TMS FOR RETRIEVAL
2.1B.10.2.1 STOW TMS ANTENNA
2.1B.10.2.2 DEACTIVATE TMS SUBSYSTEMS

2.18.11 RETRIEVAL BY ORBITER

2.1B.11.1 ADJUST ORBIT (OF ORBITER)

2.1B8.11.1.1 INITIALIZE GUIDANCE SYSTEM
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Update inertial reference system.
2.18.11.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
2.1B.11,1.3 DETERMINE DESIRED ORBITAL PARAMETERS
2.1B.11.,1.4 CHOOSE OPTIMAL TRAJECTORY
2,1B.11.1.5 FIRE THRUSTERS
2.18B.11,2 ADJUST ATTITUDE (OF ORBITER)
2.1B.11.2.1 DETERMINE CURRENTY ATTITUDE
2.18.11.2.2 DETERMINE DESIRED ATTITUDE
2.18.11.2,.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
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Main components are solar arrays and radiators.
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2.18.11.2.4 CHODSE OPTIMAL TRAJECTORY

2.1B.11,
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2.5

ROTATE SPACECRAFT

Use magnatic torqgquers for attitude contro!l.
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2.18.11.3 OPTIMAL CONTROL ALLOCATION

.18, 11
.1B. 11

Targat 16 the TMS,
.18.11,
.18, 11
LiBL 11
LB 11,
1B, 11
.18, 11
1B 11,
2.1B.12 REENTRY
2.1B.13 POST~FL1

MN”M””M

SHabhadbabdo

.3.1
.3.2

A
.2

AND
GHT

UPDATE SPACECRAFT MODEL
PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS
PROJECT CONSUMABLES REOUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT
CHOOSE OPTIMAL CONTROL MODE
COMPUTE CONTROL COMMANDS
EXECUTE CONTROL COMMANDS
ER RECOVERY DF TMS

ACTIVATE RMS

LOCATE GRASPING FIXTURE ON TARGET
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MOVE RMS TO FIXTURE

GRASP FIXTURE

LOCATE CRADLE IN PAYLOAD BAY
TRANSLATE PAYLOAD TO CRADLE
FASTEN PAYLOAD RESTRAINTS
RMS RELEASES PAYLOAD

SECURE RMS 1IN PAYLOAD BAY
LANDING

OPERATIONS

2.1B.13.1 SAFING OF ORBITER
2.18.13.2 REMOVAL OF PAYLOAD FROM ORBITER

2.1B.13.

2.1

OPEN PAYLODAD BAY DOORS

2.18.13.2.2 ATTACH STRONGBACK TO PAYLOAD
2.1B.13.2.3 LOAD PAYLOAD INTO CANISTER
2.1B.14 STATUS MONITORING AND RESOURCE ALLOCATION
2.1B.14.1 TEMPERATURE MANAGEMENT

Z2.18.14.
2.18B.14.
2.1B. 14,
2.1B.14.2 PO
2.10. 14,
2.1B. 4.
2.1B.14.
2.18.1¢,
2.18.14.
2.1B.14.3 DA
.18, 14.
.1B. 14,
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.i1B. 14,
2.18. 14 4 CO
.1B.14.
.18. 14
.1B. 14
.18.14

MDA -
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1.1
1.2
1.3
WER
2.1

S
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MEASURE COMPONENT TEMPERATURES
COMPARE TEMPERATURES TO REQUIRED LIMITS
ADUUST HEATING/COOLING SYSTEMS
MANAGEMENT

MEASURE CURRENTS AND VOLTAGES

COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
ADJUST CURRENTS AND VOLTAGES

EVALUATE BATTERY CHARGING PERFORMANCE
ADJUUST BATTERY CHARGING CYCLE
COMMAND PROCESSING

SHORT-TERM MEMORY STORAGE

LONG-TERM MEMORY STORAGE

DATA/COMMAND ENCODING

DATA/COMMAND DECODING

NUMERICAL COMPUTATION

LOGIC OPERATIONS

COMPUTER LOAD SCHEDULING

COMPUTER FUNCTION CHECKS

MABLES MANAGEMENT

MONITOR BATTERIES

MONITOR GAS SUPRLIES

MONITOR COOLING SYSTEM SUPPLIES
PRESSURIZE DETECTORS WHEN NEEDED
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2 1B.14.4 5 DEPRESSURIZE DETECTDRS WHEN NOT IN USE

2.1B.14.4.6 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE

2.1B.14.4.7 COMPUTE OPTiMAL CONSUMABLES ALLOCATION
18.14.5 STRUCTURAL MANAGEMENT
.18.14 1 MEASURE STRAINS IN STRUCTURE
.18.14 5.2 MEASURE RELATIVE DISPLACEMENTS
.18.14.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS
L18.14.6.4 APPLY COMPENSATING FORCES
.1B.14.5.5 APPLY VIBRATION DAMPING
.18.14.6 HAZARD AVOIDANCE

Pl

NP
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2.18.14.6.1 COMPUTE POSITIUNS OF SUN, EARTH, MOON
2.19B.14.6.2 DETERMINE ANGLES RELATIVE TO TELESCOPE LINE~OF-SIGHTY
2.18.14.6.3 MONITOR BRIGHT OBJECT DETECTOR
2.18.14.6.4 MONITOR SAA DETECTOR
2.1B.14.6.5 COMPARE DETECTOR OUTPUT TO PRESET LIMITS
2.18.14.6.6 CLOSE OPTICAL SHUTTERS
2.18.14.6.7 REDUCE VOLTAGES IN SENSITIVE EQUIPMENT
2.1B.14.6.8 SHUTDOQWN DETECTORS
L18.14.7 OPTIMAL SEQUENCING
2.18.14.7.1 UPDATE SPACECRAFT MODEL
2.1B.14.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
?.18,14.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
2.18.14.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
2.18, 1&.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
2.18.14.7.6 COMPUTE OPTIMAL SEQUENCING

.18.14., 8 IDENTIFY VEFECTIVE COMPONENT
2.1B 14.8.1 DETERMINE ANOMALOUS DATA
2.18.14.8.2 FORM HYPDTHESIS FDR PROBLEM
2.18.14.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS
2.18.14.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS
2.18.14.8.5 IDENTIFY FAULTY COMPDNENT

.1B.14.8A COMPONENT FAILURE RECOVERY (REDUNDANCY)
2,1B.14.9A .1 SWITCH OUT FAULTY COMPONENT

2,1B.14 .9A.2 SWITCH IN REDUNDANT COMPONENT
2.1B.14.8A.3 MAKE DIAGNOSTIC CHECKS
2.18.14.9A.4 UPDATE SPACECRAFT MODEL

2.1B.14.9B COMPDNENT FAILURE RECOVERY (DON-BDARD REPAIR)

MMMUM”NUMUMN

2.1B. 14

.18

MNMNDPJ

.18,
2.18. 14
2.18B.

2.1B.

.18,
LB,
. 1B,
.1B.
.1B.
1B,
.18.
.18,
.i1B.
1B,
1B
.1B.

1B
18.
.18,

.18,

.88.
.8B.
.8B.
.8B.
98

.88.
.98.

.9B.

DEFINE ACCESS SEQUENCE

LOCATE ACCESS PANEL

TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT

STORE COMPONENT

LOCATE NEW COMPONENT

POSITION AND CONNECT NEW COMPONENT
ADJUST COMPONENT

10 MAKE DIAGNOSTIC CHECKS

11 CLOSE ACCESS PANEL

12 STDW REPAIR EQUIPMENT

mw;:mmxxmu..

1O IDENTIFY DEFECTIVE SOFTWARE

14

t4.
1‘

14.
.10,
. 10,
.10
.10,

10.

1 COMPARE MEASURED DATA TO MODEL

2 DETERMINE ANOMALOUS DATA

3 FORM HYPOTHESIS FOR PROBLEM

4 DEVISE TEST FOR FAILURE HYPOTHESIS
5 PERFORM TEST FOR FAILURE HYPOTHESIS

10.6 IDENTIFY FAULTY SOFTWARE

11.
11

SOFTWARE FAILURE RECOVERY
14
14.

{ DETERMINE CORRECTION ALGORITHM
.2 DATA/COMMAND ENCODING

2.18.14.11.3 DATA/COMMAND TRANSMISSION

2.1B.

2.18.14.

2.18.

14.

11

.4 COMPUTER FUNCTION CHECKS

12 REPORT SYSTEM STATUS
2.18.14.12.1 DATA/COMMAND ENCODING
2.9B.14.12.2 DATA/COMMAND TRANSMISSION

14.

12.

3 DATA/COMMAND DECODING

2.18.14.12 .4 DATA/COMMAND OISPLAY
2.14B.15 ATTITUDE CONTROL & STATIONKEEPING
1 MAINTAIN/CHANGE ATTITUDE
2.18.15. 1.

2.1B. 15,

1 INITIALIZE GUIDANCE SYSTEM

Update i{nertia) reference system.
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2.18.15.1.2 DETERMINE CURRENT ATTITUDE
2.18.16.1,3 DETERMINE DESIRED ATTITUDE
2,1B.16.1.4 DETERMINE NEW CONFIGURAI!DN FOR SPACECRAFT COMPONENTS
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Main componants are solar arrays and radiators,
2,1B.15.1.5 CHOOSE OPTIMAL TRAJECTORY
2.18.18.1.6 ROTATE SPACECRAFT

Use magnetic torquers for attitude control.
2,.1B.15.1.7 DETERMINE DISTURBING TORQUES
2.18.15.1.8 COMPUTE REQUIRED RESULTANT :
2,18.15,.1.9 APPLY COMPENSATING TORQUES :

B GRS W e G S NS R GR D Gn e e  UR W W e S D R G e G T TR G G e G G e D W Y B G e S e W TR A e e R B TR e e e e T R TR G e e W R R e -

Use magnetic torquers,

2,.18.15.2 OPTIMAL CONTROL ALLOCATION
2.1B8.15.2.1 UPDATE SPACECRAFT MODEI.
2.1B.15.2.,2 PROJUECT DESIRED FUNCTICNS FROM MIGSION [RDFILE
2,18.15.2.3 ESTIMATE RISKS FROM DESIRED FUNCTIDNS
2.18.15,2,4 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
2.1B,15.2.5 COMPUTE CONTROL COMMANDS
2.18.15.2.6 EXECUTE CONTROL COMMANDS

2.18. 16 OBSERVATION SEQUENCE

2.1B.16.1 IDENTIFY DESIRED ATTITUDE
2.1B.16.1.1 RECEIVE GROUND COMMANDS
2.18.16.1.2 DATA/COMMAND DECODING

2.1B.16.2 SELECT DETECTOR TO BE USED

2.1B.16.2.1 RECEIVE GROUND COMMANDS
2.1B.16.2.2 DATA/COMMAND DECODING
2.1B.16.2.3 MOVE DETECTOR INTO POSITION
2.1B8.16.2.4 DETECTOR POWER ON
2.18.16.2.5 DETECTOR COOLING ON
2.18.16.2.6 OPEN DETECTOR APERTURES
2.18.16.2.7 FINE FOCUS DETECTOR

2.1B.16.3 OPERATE DETECTOR AND ASPECT SYSTEM
2.18.16.3.1 TAKE DATA FROM DETECTOR !
2,18,.16.3.2 TAKE DATA FROM ASPECT SENSORS
2.18.16.3.3 DATA/COMMAND ENCODING
2.18.16.3.4 DATA/COMMAND TRANSMISSION

2.1B.17 ON-ORBIT ALIGNMENT OF TELESCOPE SYSTEM

2.1B.17.1 IDENTIFY DESIRED ATTIT %
2.1B.17.1.1 PICK X-RAY SOURCEL WITH KNOWN OPTICAL COUNTERPART
2,18.17.1.2 DETERMINE DESIRED ATTITUDE

2.1B.17.2 LOCATE X-RAY SODURCE

2.1B.17.2.1 MOVE DETECTOR INTD POSITION

2.18.17.2.2 DETECTOR POWER ON

2.1B.17.2.3 DETECTOR COOLING ON

2.1B.17.2.4 OPEN DETECTOR APERTURES

2.18.17.2.5 FINE FOCUS DETECTODR

2.18.17.2.6 TAKE DATA FROM DETECTOR

2.1B.17.2.7 DATA/COMMAND ENCODING

2.1B8.147.2.8 DATA/COMMAND TRANSMISSION

2.18.17.2.9 DETERMINE IF TARGET IS WITHIN DETECTOR FOV
2.18.17.3 LOCATE OPTICAL COUNTERPART

2.1B.17.3.1 TAKE DATA FROM ASPECT SENSORS

2.1B.17.3.2 DATA/COMMAND ENCODING

2.1B.17.3.3 DATA/COMMAND TRANSMISSION

2.1B.17.3.4 DETERMINE IF TARGET IS WITHIN ASPECT SENSOR FOV

2.18.17.3.5 SELECT NEW TELESCOPE ATTITUDE IF NECESSARY
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If target has not been found, another try must be made.
2.18.17.4 DETERMINE REL&TIVE AL IGNMENT
.1B.47.4.1 TAKE DATA FROM DETECTOR
TAKE DATA FROM ASPECT SENSORS
DATA/COMMAND ENCODING
DATA/COMMAND TRANSMISSION *
PROCESS IMAGE DATA
DETERMINE ALIGNMENT GCORRECTION
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2.2A SERVICING, MAINTENANCE, AND REPAIR (SHUTTLE WITH OMS KIT)
2.2A.1 DESIGN .

2.2A.1.1 DEFINE REQUIREMENTS
2.2A.1.2 MISSION ANALYSIS
2.2A 1.3 PAYLOAD ACCOMMODATIONS
. 2.2A.1.4 CREATE FUNCTIONAL LAYOUT
ORICINAL PAGE 5‘3 2.24.1.6 FAILURE MODES ANALYSIS
DO IALIT 2.2A.1.6 CREATE MECHANICAL LAYOUT
OF POGR QUA 2.2A.1.7 SAFETY REVIEW
2.24.1.8 DESIGN OF COMPONENTS

2.2A.1.10 SOFTWARE DEVELOPMENT
2.24.2 COMPONENT FABRICATION
2.2A.2.1 PROCURE OFF~THE-SHELF COMPONENTS
2.2A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
2.2A.2.3 PROCURE MANUFACTURING EQUIPMENT
2.2A.2.4 MANUFACTURE COMPONENTS
2.2A.3 COMPONENT TEST

2.2A.3.1 SET UP TEST FACILITIES

2.2A.3.2 STRUCTURAL LOADS TESTS

2.2A.3.3 DATA PROCESSING AND SOFTWARE TESTS
2.2A.3.4 SOLAR ARRAY DEPLOYMENT TESTS
2.2A.3.5 ELECTRICAL SYSTEMS TESTS

2.2A.3.6 THERMAL AND VACUUM TESTS

2.2A.3.7 DETECTOR ALIGNMENT TESTS

2.2A.3.8 COMPONENT CERTIFICATION

2.2A.4 SYSTEM INTEGRATION
2.2A.5 SYSTEM TEST

2.2A.5.1 POWER SUESYSTEM TESTS

2.2A.5.2 THERMAL SUBSYSTEM TESTS

2.2A.5.3 STRUCTURE SUBSYSTEM TESTS

2.2A.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS
2.2A.5.5 COMMUNICATIONS SUBSYSTEM TESTS
2.2A.5.6 ATTITUDE CONTROIL SUBSYSTEM TESTS
2.2A.5.7 OPTICAL SUBSYSTEM TESTS

2.2A.5.8 INTEGRATED SYSTEMS TESTS
2.2A.5.9 FAILURE MODES SIMULATION
2.2A.5.10 SYSTEM CERTIFICATION
2.2A.6 SHIPPING TO LAUNCH SITE
2.2A.6.1 REMOVE TEST EQUIPMENT
2.2A.6.2 PERFORM NECESSARY DISASSEMBLY
2.2A.6.,3 PACKING
2.2A.6.4 TRANSPORT TO LAUNCH SITE
2.2A.7 PAYLOAD INTEGRATION AND CHECKOUT
2.2A.7.1 UNPACKING
2.2A.7.2 PERFORM NECESSARY REASSEMBLY
2.2A.7.3 INTEGRATED SYSTEMS TESTS

2,2A.7.3.1 VERIFY POWER SYSTEM FUNCTION
2.2A.7.3.2 VERIFY COMMAND SYSTEM FUNCTION
2.2A.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
2.2A.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
2,2A.7.3.5 VERIFY DETECTOR SYSTEM FUNCTION
2.2A.7.3.6 MISSION SEQUENCE SIMULATION
2.2A.7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG.
2.2A.7.4.1 LOAD PAYLOAD INTO CONTAINER
2.2A.7.4.2 TRANSFORT TO OPERATIONS AND CHECKOUT BLDG,
2.2A.7.4.3 ATTACH STRONGBACK TO PAYLOAD
2.2A.7.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE
2.2A.7.5 PERFORM INTERFACES CHECK
2.2A.7.5.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
2.2A.7.5.2 CHECK ELECTRICAL INTERFACES
2.2A.7.6 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY
2.2A.7.6.1 ATTACH STRONGBACK TO PAYLOAD
2.2A.7.6.2 LOAD PAYLOAD INTD CANISTER
2.2A.7.6.3 REMOVE STRONGBACK
2.2A.7.6.4 CLOSE CANISTER
2.2A.7.6.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
2.2A.7.7 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL)
2.2A.7.7.1 ATTACH STRONGBACK TO PAYLOAD
2.2A.7.7.2 INSTALL PAYLOAD IN ORBITER
2.2A.7.7.3 CONNECT DRBITER/PAYLDAD INTERFACES
2.2A.7.7.4 CHECK ELECTRICAL INTERFACES
2.2A.7.7.5 INSTALLATION OF OMS KIT
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2.2A.7.7.6 CLOSE~OUT PAYLOAD BAY
2,2A.8 COUNTDOWN AND LAUNCH
2.2A.9 ORBITAL RENDEZVOUS AND CAPTURE
2,2A.9.1 SHUTTLE ATTAINS RENDEZVOUS ORBIT
2.2A.9.2 RENDEZVOUS WITH AXAF
2,2A.9.2.1 COMPUTE EXPECTED TARGET POSITION

2,2A,9.2.2 ALIGN ORBITER WITH EXPECTED TARGET POSITION
2.2A.9.2.3 DEPLOY RENDEZVOUS SENSOR

2.2A.9.2.4 ACTIVATE RENDEZVOUS SENSOR

2.2A.9.2.5 TRACK TARGET

2.2A.8.2.6 COMPUTE TERMINAL PHASE OMS BURN

2,2A.9.2.7 FIRE THRUSTERS
2.2A.9.3 OPERATIONAL CHECROUT
2.24.9.3.1 COMMAND ATTITUDE CHANGE

Command to change pointing 15 entared.
2.2A.9.3.2 OBSERVE ATTITUDE CHANGE

Orbitar observes results of attitude change command.
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2.2A.9.3.3 MONITOR TELEMETRY
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AXAF data is monitored by Orbiter,
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2,2A.9.3.4 EVALUATE SYSTEM PERFORMANCE
Detector and housekeeping data is evaluated to verify correct response
to command.
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If system performance is not adequate, retrieva)l may be necessary,
for repairs in payload bay or on ground.
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2,2A.8.4.1 INITIALIZE GUIDANCE SYSTEM
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Update ingrtial reference system.
.8.,4.2 DETERMINE CURRENT ATTITUDE
2,2A.9.4.3 DETERMINE DESIRED ATTITUDE
9.4.4 DETERMINE NEW COMFIGURATION FOR SPACECRAFT COMPONENTS

- > e A e M M e e e G S e = e e e e v = S e e A e e e e e T e e e e e P S e e e e e e = W e e e T

- - - S W e e e v 0 e e e e G m W v e e N e s e e e e W T M A e T e A e e e e B S MR S SR e e e B e e e e = b

.9.4.5 CHOOSE OPTIMAL TRAJECTORY
2.2A.9.4.6 ROTATE SPACECRAFT
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2.2A.9.4.7 DETERMINE DISTURBING TORQUES
2.2A.9.4.8 COMPUTE REQUIRED RESULTANT
2.2A.9.4,9 APPLY COMPENSATING TORQUES
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Use magnaetic torquers,
2.24.9.4.10 SHUTDOWN SPACECRAFT SYSTEMS
2.2A.9.5 ATTACH AXAF TO ORBITER
2.2A.9.5.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER
2,.2A.9.5.2 LOCATE GRASPING FIXTURE ON TARGET
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2.2A.9.5.3 GRASP FIXTURE

2.2A.9.5.4 TRANSLATE PAYLOAD TO CRADLE

2.2A.8.5.5 FASTEN PAYLOAD RESTRAINTS
2.2A.9.6 TESTS OF ATTACHED PAYLOAD

2,.24.9.6.1 COMMAND DETECTOR SELECTION
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Command to rotate detector carousel is entered from Orbiter.

- - e > - am e 4m e n - e 90 G B W s e e be S % e M M S e s e e e e e R e e e o e e e B e e e e

2.2A.9.6.2 OBSERVE DETECTOR SELECTION
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Data from AXAF 18 chocked to verify detector selection.
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2.2A.9.6.3 MONITOR TELEMETRY

2.2A.9.6.4 EVALUATE SYSTEM PERFORMANCE
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Datactor and housekeeping data i3 evaluated to verify correct response
to command.

2.24.9.7 IDENTIFY DEFECTIVE COMPONENT

2.2A.8.7.1 DETERMINE ANOMALOUS DATA

2.2A.9.7.2 FORM HYPOTHESIS FOR PROBLEM

2.2A.9.7.3 DEVISE TEST FOR FAILURE HYPOTHESIS

2.2A.9.7.4 PERFORM TEST FOR FAILURE HYPOTHESIS

2.2A.9.7.5 IDENTIFY FAULTY COMPONENT ORIGINAL PADS [3
2.24.9.8 IDENTIFY DEFECTIVE SOFTWARE -

2.2A.9.8.1 COMPARE MEASURED DATA TO MODEL OF POOR QUALITY

2.2A.9.8.2 DETERMINE ANOMALOUS DATA

2.2A.9.8.3 FORM HYPOTHESIS FOR PROBLEM

2.2A.9.8.4 DEVISE TEST FOR FAILURE HYPOTHESIS

2.2A.9.8.5 PERFORM TEST FOR FAILURE HYPOTHESIS

2.2A.9.8.6 IDENTIFY FAULTY SOFTWARE

2.2A.10 COMPONENT/SOFTWARE REPLACEMENT
2.2A.10.1 REMOVE OLD DETECTOR MODULE

2.2A.10.1.1 LOCATE ACCESS PANEL
2 .A.10.1.2 OPEN ACCESS PANEL
2.2A.10.1.3 MOVE DETECTOR INTO POSITION
2.2A.10.1.4 CLOSE INTERNAL VALVES
2,2A.10.1.5 DISCONNECT DETECTOR
2.2A.10.1.6 REMDVE DETECTOR
2.2A.10.1.7 STORE DETECTOR
2.2A.10.2 INSTALL NEW DETECTOR MODULE
2.2A.10.2.1 LOCATE DETECTOR
2.2A.10.2.2 INSTALL DETECTOR
2.2A.10.2.3 CONNECT DETECTOR
2.2A.10.2.4 OPEN INTERNAL VALVES
2.2A.10.2.5 MAKE DIAGNOSTIC CHECKS
2.2A.10.2 6 CLOSE ACCESS PANEL

2.2A.10.3 COMPONENT REPLACEMENT

2.2A.10.3.1 DEFINE ACCESS SEQUENCE

2.2A.10.3.2 LOCATE ACCESS PANEL

2.2A.10.3.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
2.2A.10.3.4 OPEN ACCESS PANEL

2.2A,10.3.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
2.2A.10.3.6 REMOVE COMPONENT

2.2A.10.3.7 STORE COMPONENT

2.2A.10.3.8 LOCATE NEW COMPONENT

2.2A.10.3.9 POSITION AND CONNECT NEW COMPONENT
2.2A.10.3.10 ADJUST COMPONENT

2.2A,10.3.11 MAKE DIAGNOSTIC CHECKS
2.2A.10.3.12 CLOSE ACCESS PANEL

2.2A.10.3.13 STOW REPAIR EQUIPMENT

2.2A.10.4 SOFTWARE REPLACEMENT
2.2A.10.4.1 DATA/COMMAND EMCODING
2.2A.10.4.2 DATA/COMMAND TRANSMISSION
2.2A.10.4.3 COMPUTER FUNCTION CHECKS
2.2A.11 RESUPPLY CONSUMABLES
2.2A.11.1A FLUID REPLACEMENT (UMBILICAL)
LOCATE ACCESS PANEL
OPEN ACCESS PANEL
CLOSE INTERNAL VALVES
EXTEND AND ATTACH UMBILICAL
OPEN SUPPLY VALVE
MONITOR FLUID TRANSFER
CLOSE SUPPLY VALVE
DETACH AND RETRACT UMBILICAL
L11. OPEN INTERNAL VALVES
,2A.11.1A.10 CHECK FOR LEAKS
L2A.11.1A.11 CLOSE ACCESS PANEL
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2.2A,11.1B FLUID REPLACEMENT (TANK REPLACEMENT) OF POCH 0 by

2.2A.11.1B.1 LOCATE ACCESS PANEL _

2.2A.11.18.2 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE

2.2A.11,1B.3 OPEN ACCESS PANEL

2.2A.11.1B.4 CLOSE INTERNAL VALVES

2.2A.11.1B.5 LOCATE OLD TANK

2.2A.11.18.6 DISCONNECT OLD TANK

2.2A.11.1B.7 REMOVE OLD TANK

2.2A.11.1B.8 STORE OLD TANK

2.2A.11.1B.9 LOCATE NEW TANK

2.2A.11.1B. 10 INSTALL NEW TANK
2.2A.11.18B.11 CONNECT NEW TAIK
2.24.11.1B.12 OPEN INTERNAL VALVES
2.2A.11.1B.13 CHECK FOR LEAKS
2,2A.11,18.14 CLOSE ACCESS PANEL

2.2A.11.18B.15 STOW REPAIR EQUIPMENT

2.2A.12 NON-ROUTINE MAINTENANCE AND REPAIR

2,2A 13 SECURE PAYLOAD IN ORBITER

2.2A.13.1 RETRACT DEPLOYABLE PAYLOAD COMPONENTS

2.2A.13.1.1 RETRACT TDRSS ANTENNAS
2.2A.13.1.2 LOCATE SUNSHADE RESTRAINTS
2.24.13.1.3 RELEASE SUNSHADE RESTRAINTS
2,2A.13.1.4 LOCATE GRASPING FIXTURE ON TARGET
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2 1.5 GRASP FIXTURE

2. .1.6 CLOSE SUNSHADE

2.2A.13.1.7 LOCATE SOLAR ARRAY RESTRAINTS

2 1.8 RELEASE SOLAR ARRAY RESTRAINTS

2 1.9 LOCATE GRASPING FIXTURE ON TARGET
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2.2A.13.1.10 GRASP FIXTURE
2.2A.13.1.11 RETRACT SOLAR ARRAYS

2,2A.13.2 RETRACTION OF PAYLOAD INTO PAYLOAD BAY
2.2A.13.2.1 LOCATE GRASPING FIXTURE ON TARGET

2.2A,.13.2.2 GRASP FIXTURE
2.2A.13.2.3 TILT PAYLOAD TO HORIZONTAL POSITION
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2.2A.13.2.4 FASTEN PAYLOAD RESTRAINTS
2.2A.13.2.5 CLOSE PAYLDAD BAY DOORS
2.2A.14 ORBITAL DEPLOYMENT AND CHECKOUT
2.2A.14.1 SHUTTLE ATTAINS DELIVERY ORBIT
2.2A.14.2 EXTENSION OF PAYLOAD FROM PAYLDAD BAY
2.2A.14.2.1 OPEN PAYLOAD BAY DOORS
2.2A.14.2.2 LOCATE GRASPING FIXTURE ON TARGET

2.2A.14.,2.3 GRASP FIXTURE
2.24.14,2.4 RELEASE PAYLOAD RESTRAINTS
2.2A.14.2.5 TILT PAYLOAD TO VERTICAL POSITION
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AXAF 1s mounted on a tilt-table.
2,.2A.14.3 EXTEND DEPLOYABLE COMPONENTS
2.2A,14,3.1 LOCATE SOLAR ARRAY RESTRAINTS
2.2A,14.,3.2 RELEASE SOLLR ARRAY RESTRAINTS
2.2A.14.3.3 LOCATE GRASPING FIXTURE ON TARGET
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2.2A.14.,3.4 GRASP FIXTURE
2.2A.14.3.5 DEPLOY SOLAR ARRAYS
2.2A.14,3.6 LOCATE SUNSHADE RESTRAINTS
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2.2A.14.3.7 RELEASE SUNSHADE RESTRAINTS
2.2A.14.3.8 LOCATE GRASPING FIXTURE ON TARGET
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The target is the AXAF sunshade,
2,2A.14.3.8 GRASP FIXTURE
2.2A.14.3.10 OPEN SUNSHADE
2.2A.14.3.11 DEPLOY TDRSS ANTENNAS
2.2A.14.4 TESTS OF ATTACHED PAYLDAD
2,2A.14.4.1 COMMAND DETECTOR SELECTION

Command to rotate detector carousel is entersed from Orbiter.

2.2A.14.4.2 OBSERVE DETECTOR SELECTION

Data from AXAF {is checked to verify detector se]ection.'
2.2A.14.4.3 MONITOR TELEMETRY

AXAF data is monitored by Orbiter,

2.2A,.14.4.4 EVALUATE SYSTEM PERFORMANCE
Detector and housekeeping data {s evaluated to verify correct response
to command.
2.2A,.14.%5 SEPARATICON OF PAYLOAD FROM ORBITER
2.2A.14.,5.1 LOCATE GRASPING FIXTURE ON TARGET
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The target is AXAF.
2.2A.14.5.2 GRASP FIXTURE
2,2A.14.5.3 RELEASE PAYLOAD RESTRAINTS
2.2A,.14.5.4 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY
2.2A.14.5.5 RMS RELEASES PAYLOAD
2.2A.14.6 DPERATIONAL CHECKOUT
2.2A.14.6.1 ACTIVATE AXAF SUBSYSTEMS
Attitude control, communications, thermal control systems are
activated.
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2.2A.14.6.2 COMMAND ATTITUDE CHANGE

AXAF data is monitored by Orbiter.
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Detector and housekeeping data is evaluated to verify correct response
to command.
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If system performance is not adequate, retrieval may be necessary,
for repairs in payload bay or on ground.

2.2A.14.7.1 INITIALIZE GUIDANCE SYSTEM

2.2A.14.7.2 DETERMINE CURRENT ATTITUDE
2.2A.14.7.3 DETERMINE DESIRED ATTITUDE
2.2A 14.7 4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS

Main components are solar arrays and radiators.
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2.2A.14.7.5 CHOOSE OPTIMAL TRAJECTDRY
2.2A.14.7.6 ROTATE SPACECRAFT
Use magnetic torquers for attitude control.
2,%2A.14.,7.7 DETERMINE DISTURBING TORQUES
2.2A.14.7.8 COMPUTE REQUIRED RESULTANT
2.2A.14.7.9 APPLY CDMPENSATING TORQUES
Use magnetic torquers.
2.2A.14.7.10 SHUTDOWN SPACECRAFT SYSTEMS
2.2A.14.8 ATTACH AXAF TO ORBITER
2.2A.14.8.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER
2.2A.14.8.2 LOCATE GRASPING FIXTURE ON TARGET
The targnt is AXAF,
2.2A.14.8.3 GRASP FIXTURE
2.2A.14.8.4 TRANSLATE PAYLOAD TO CRADLE
2.2A.14.8.5 FASTEN PAYLOAD RESTRAINTS
2.2A,14.9 IDENTIFY DEFECTIVE COMPONENT
2.2A.14.9.1 DETERMINE ANOMALOUS DATA
2.2A.14.9.2 FORM HYPOTHESIS FOR PROBLEM
2.2A.14,9.3 DEVISE TEST FOR FAILURE HYPOTHESIS
2.2A.14.9.4 PERFORM TEST FCR FAILURE HYPOTHESIS
2.2A.14.8.5 IDENTIFY FAULTY COMPONENT
2.2A.14,10A COMPONENT FAILURE RECOVERY (REDUNDANCY)
2.2A.14,10A,1 SWITCH OUT FAULTY COMPONENT
2.2A.14.10A.2 SWITCH IN REDUNDANT COMPONENT
2.2A.14 . 10A.3 MAKE DIAGNDSTIC CHECKS
2.24.14 ,10A.4 UPDATE SPACECRAFT MODEL
2.2A4.14 . 10B COMPONENT FATLURE RECOVERY (ON-BOARD REPAIR)

2.2A.14 . 10B. 1 DEFINE ACCESS SEQUENCE
2.2A.14.10B.2 LOCATE ACCESS PANEL

2.2A.14.10B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
2.2A.14,10B.4 OPEN ACCESS PANEL

2.2A.14.10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
2.2A.14.108B.6 REMOVE COMPONENT

2.2A.14,10B.7 STORE COMPONENT

2.2A.14.10B.8 LOCATE NEW COMPONENT

2.2A.14.10B.8 POSITION AND CONNECT NEW COMPONENT
2,2A.14.10B.10 ADUUST COMPONENT

2.2A.14.10B.11 MAKE DIAGNOSTIC CHECKS
2.2A.14.108B.12 CLOSE ACCESS PANEL

2.2A.14.10B.13 STOW REPAIR EQUIPMENT

2.2A.14.11 IDENTIFY DEFECTIVE SOFTWARE
.2A.14.11.1 COMPARE MEASURED DATA TO MODEL
L2A.14.11.2 DETERMINE ANOMALOUS DATA
.14.11.3 FORM HYPOTHESIS FOR PROBLEM
.2A.14,11.4 DEVISE TEST FOR FAILURE HYPOTHESIS
L2A.14,11.5 PERFORM TEST FOR FAILURE HYPOTHESIS
L2A.14.11.6 IDENTIFY FAULTY SOFTWARE
2.2A.14 .12 SOFTWARE FAILURE RECOVERY
2.2A.14.12.1 DEYERMINE CORRECTION ALGORITHM
2.2A.14.12.2 DATA/COMMAND ENCODING
2.2A.14.12.3 DATA/COMMAND TRANSMISSION
2.2A.14.12.4 COMPUTER FUNCTION CHECKS
2.2A.15 REENTRY AND LANDING
2.2A.16 POST~FLIGHT OPERATIONS
2.2A.16.1 SAFING OF ORBITER
2.2A.16.2 REMOVAL OF PAYLOAD FROM ORBITER
2.2A.16.2.1 OPEN PAYLODAD BAY DOORS
2.2A.16.2.2 ATTACH STPONGBACK TO PAYLOAD
2.2A.16.2.3 LOAD PAYLOAD INTO CANISTER
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2.2B SERVICING, MAINTENANCE, AND REPAIR (SHUTTLE WITH TMS UPPER STAGE)
2.28.1 DESIGN
2.2B.1.1 DEFINE REQUIREMENTS
2.2B.1.2 MISSION ANALYSIS
2.2B.1.3 PAYLOAD ACCOMMODATIONS
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2.2B.1.4 CREATE FUNCTIONAL LAYOUT OF PCUIL ~ it
2.2B.1.5 FAILURE MODES ANALYSIS
2.2B.1.6 CREATE MECHANICAL LAYOUT

2.2B.1.7 SAFETY REVIEW
2.2B.1.8 DESIGN OF COMPONENTS
2.28B,.1.10 SOFTWARE DEVELOPMENT
2.28.2 COMPONENT FABRICATION
2.28.2.1 PROCJRE OFF~-THE~SHELF COMPONENTS
2,2B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPNWENTS
2.28.2.3 PROCURE MANUFACTURING EQUIPMENT
2.28.2.4 MANUFACTURE COMPONENTS
2.2B.3 COMPONENT TEST

.28, THRUSTER TESTS

28. COMPONENT CERTIFICATION
2.2B.4 SYSTEM INTEGRATION

2.2B.5 SYSTEM TEST

2.28.3.1 SET UP TEST FACILITIES

2.2B.3.2 STRUCTURAL LOADS TESTS

2.28.3.3 DATA PROCESSING AND SOFTWARE TESTS
2.2B.3.4 SOLAR ARRAY DEPLOYMENT TESTS
2.2B.3.5 ELECTRICAL SYSTEMS TESTS

2.2B.3.6 THERMAL AND VACUUM TESTS

2.2B.3.7 DETECTOR ALIGNMENT TESTS

2 3.8

2. 3.9

2.2B.5.1 POWER SJUBSYSTEM TESTS

2.28.5.2 THERMAL SUBSYSTEM TESTS

2.2B.5.3 STRUCTURE SUBSYSTEM TESTS
2.2B.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS
2.2B.5.5 COMMUNICATIONS SUBSYSTEM TESTS
2.2B.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS
2.2B.5.7 OPTICAL SUBSYSTEM TESTS

2.2B.5.8 PROPULSION SUBSYSTEM TESTS
2.28.5.9 INTEGRATED SYSTEMS TESTS
2.2B.5.10 FAILURE MODES SIMULATION
2.2B.5.11 SYSTEM CERTIFIC'TION

2.28.5 SHIPPING TO LAUNCH SIT
2.2B.6.1 REMOVE TEST EOUIPMENT
2.2B.6.2 PERFORM NECESSARY DISASSEMBLY
2.2B.6.3 PACKING
2.2B.6.4 TRANSPORT TO LAUNCH SITE
2.2B.7 PAYLOAD INTEGRATION AND CHECKOUT
2.2B.7.1 UNPACKING
2.2B.7.2 PERFORM NECESSARY REASSEMBLY
2.2B.7.3 INTEGRATED SYSTEMS TESTS

2.2B.7.3.1 VERIFY POWER SYSTEM FUNCTION
2.2B.7.3.2 VERIFY COMMAND SYSTEM FUNCTION
2.2B.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
2.2B.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
2.28.7.3.5 VERIFY DETECTOR SYSTEM FUNCTION
2.2B.7.3.6 MISSION SEQUENCE SIMULATION
2.2B.7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG,
2.2B.7.4.1 LOAD PAYLOAD INTO CONTAINER
2.2B8.7.4.2 TRANSPORT TO OPERATIONS AND CHETKOUT BLDG.
2.2B.7.4.3 ATTACH STRONGBACK TO PAYLOAD
2.2B.7.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE
2.2B.7.5 INTEGRATE TMS WITH PAYLOAD
2.2B.7.6 PERFORM INTERFACES CHECK
2.2B.7.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
2.2B.7.6.2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
2.2B.7.6.3 CHECK ELECTRICAL INTERFACES
2.2B.7.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY
2.2B.7.7.1 ATTACH STRONGBACK TO PAYLOAD
2.2B.7.7.2 LOAD PAYLOAD INTO CANISTER
2.2B.7.7.3 REMOVE STRONGBACK
2.2B.7.7.4 CLOSE CANISTER
2.2B.7.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
2.2B8.7.8 DRBITER/PAYLOAD INTEGRATION (HORIZONTAL)
2.2B.7.8.1 ATTACH STRONGBACK TO PAYLOAD
2.2B.7.8.2 INSTVALL PAYLOAD IN ORBITER
2.2B8.7.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
2.2B.7.8.4 CHECK ELECTRICAL INTERFACES
2.2B.7.8.5 CLOSE-OUT PAYLOAD RAY
2.2B.7.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
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2.2B.8 COUNTDOWN AND LAUNCH OF PG GLUnLIY
2.2B.9 ORBITAL RENDEZVOLL AND CAPTURE

2.2B.9.1 SHUTTLE ATTAING DELIVERY ORBIT
2.28.0.2 TESTS OF ATTACHED PAYLOAD

2.2B 9.2.1 POWER SUCGYSTEM CHECKOUT

2.28.8.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
2.28.9.3 EXTENSIOW OF PAYLOAD FROM PAYLOAD BAY

2.2B.9.3 1 OPtN PAVLOAD DAY DOCR%

2.28.9.3 2 ACTIVATE RMS

2.28.8.3.3 LOCATE GRASPING FTATURE ON TARGET

2.28.9.3.4 MOVE RMS TO FIXTURE

2.2B.9.3.5 GRASP FIXTURE

2.28.9.3.€ RELEASE PAYLOAD RELTRAINTS

2.28.9.3.7 TRANSLATE PAYLDAD OUT OF PAYLOAD BAY
2.2B.9.4 SEPARATION OF PAYLDAD FRAM ORBITER

2.2B.9 4.1 RMS RELEASES PAYLOAD

2.28.9.4.2 SECURE RMS IN PAYLOAD BAY
2.2B.9.5 OPERATIONAL CHECKOUT OF TMS

2.28.9.5.1 ACTIVATE TMS SUBOSYSTEMS

2.2B.8 §.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT

2.2B.9.§& 3 POWER CUEBSYSTEM CHECKOUT

2.28.9.5.4 THERMAL SUBSYSTEM CHECKOUT

2.28.8.5.5 STRUCTURAL SUBSYSTEM CHECKOUT

2.28.9.5 6 COMMUNICATIONS SUBSYSTEM CHECKOUT

2.2B.9.5.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT

2.2B.9.5.8 PROPULSION SURSYSTEM CHECKOUT

2.2B.9.5.9 CONSUMABLES LEVELS CHECKOUT
2.2B.9.6 ORBITAL TRANGFER

2.28.8.6. 1 INITIALIZE GUIDANCE SYSTEM
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Update inertial refercence svstem.
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2.28.9 € 2 DETERMINE CURRENT OREITAL PARAMETERS
2.2B.9.6 3 DETERMINE DESIRED ODREITAL PARAMETERS
2.2B.9.6 4 CHODSE OFTIMAL TRAJECTORY

2.2B.9.6 5 DETERMINE CURRENT ATTITUDE

2.28.9.6 6 DETERMINE DESIRED ATTITUDE

2.2B.9 6.7 ROTATE SPACECRAFT
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2.2B.9 6.8 FIRE THRUSTERS
2.2B8.9.7 OPERATIONAL CHECKOUT OF AXAF
2. 2B.9.7.1 COMMAND ATTITUDE CHANGE
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AXAF data 1s monitored by Orbiter
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Detector and housckeeping data ‘s evaluated to verify correct response
to command.
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2 2B.9.8 STABILIZE AXAF FOR RETRIEVAL
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1f system performance is not adeguate, retrieval may be necessary,
for repairs in payload bay or on ground.
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Update irmartial reference system.
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2.28.
2.28.
2 28.

Main componcnts
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oGy " v MS
DETERMINE CURRENT ATTITUDE OF POCR G WLl
DETERMINE DESIRED ATTITUDE
DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS

solar arroys and radiators.
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Use magnetic torquers.
2.2B8.9.8.10 SHUTDOWN SPACECRAFT SYSTEMS
2.2B.8.9 DOCK TMS TO SPACECRAFT
2.28.9.9.1 LOCATE DOCKING TARGET
2.28.9.9.2 EXTEND DOCKING MECHANISM
2.2B.9.9.3 FASTEN DOCKING LATCH
2.28.9.10 IDENTIFY DEFECTIVE COMPONENT

wwwwn

.28,
2.28.9.1

J”MPJMM

28

.2B.
.2B.
.2B.
.28,

.2B.
.28,
.2B.
.2B.
.2B.

(.D(D!D(O(D
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CHODSE OPTIMAL TRAJECTORY
ROTATE SPACECRAFT

DETERMINE DISTURBING TORQUES
COMPUTE REQUIRED RESULTANT
APPLY COMPENSATING TORQUES

.10. 1 DETERMINE ANOMALOUS DATA

.10.2 FORM HYPOTHESIS FOR PROBLEM

.10.3 DEVISE TEST FOR FAILUJRE HYPOTHESIS
.10.4 PERFORM TEST FOR ‘AIlURE HYFPOTHESIS

.10.5 IDENTIFY FAULTY COMPONENT
1 IDENTIFY DEFECTIVE SOFTWARE

mmawn-

COMPARE MEASURED DATA TO MODEL
DETERMINE ANOMALOUS DATA

FORM HYPOTHESIS FOR PROBLEM

DEVISE TEST FOR FAILURE HYPOTHESIS
PERFORM TEST FOR FAILURE HYPOTHESIS
IDENTIFY FAULTY SOFTWARE

2.2B.10 COMPONENT/SOFTWARE REPLACEMENT
2.28.10.1 REMOVE OLD DETECTOR MODULE

MMMMMVO!\)

.2B.

2.28.10.2 IN
.2B.
.28,

MMP\)PJMH
[
om

2.28. 10 3 co
.28,
.2B.
.2B.
.28,
.2B.
.2B.
.28,
.28,
.28,
.28.
.28,
.2B.
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2,28.

.28,
.28.
.2B.
.2B.
.2B.
.28.

10.

. 10.

10.

10.
10.
10.
10,
‘0.
10.

10.
10.
.10.
.10.
.10.

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
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LOCATE ACCESS PANEL
OPEN ACCESS PANEL

MOVE DETECTOR INTO POSITION
CLOSE INTERNAL VALVES
DISCONNECT DETECTOR
REMOVE DETECTOR

STORE DETECTOR
LL NEW DETECTOR MODULE
LOCATE DETECTOR
INSTALL DETECTOR
CONNECT DETECTOR

OPEN INTERNAL VALVES
MAKE DIAGNOSTIC CHECKS
CLOSE ACCESS PANLL

NENT REPLACEMENT

DEFINE ACCESS SEQUENCE

LOCATE ACCESS PANEL

TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OPEN ACCESS PANEL

OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT

STORE COMPONENT

LOCATC NEW COMPONENT

POSITION AND CONNECT NEW COMPONENT

.10 ADJUST COMPONENT

1 MAKE DIAGNOSTIC CHECKS

.12 CLOSE ACCESS PANEL
.13 STOW REPAIR EQUIPMENT

2.28.10.4 SOFTWARE REPLACEMENT
2.28.10.4.
2.28.10.4.2 PATA/COMMAND TRANSMISSION
2.2B.10.4.3 OMPUTER FUNCTION CHECKS
2.2B. 11 RESUPPLY CONSUMABLES
1A FLUID REPLACEMENT (UMBILICAL)

2.2B.11.

2.28. 11

1

DATA/COMMAND ENCODING

1A .1 LOCATE ACCESS PANEL
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.2B.11,1A,10 CHECK FOR LEAKS

.2B.11,.1A,.11 CLOSE ACCESS PANEL
2.2B.11.148B FLUID REPLACEMENT (TANK REPLACEMENT)
.2B.11.18.1 LOCATE ACCESS PANEL

2.2B.11.1A.2 OPEN ACCESS PANEL
2.2B.11.1A.3 CLOSE INTERNAL VALVES
2.2B.11.1A.4 EXTEND AND ATTACH UMBILICAL
2.2B.11.1A.5 OPEN SUPRLY VALVE
2.2B.11,.1A.6 MONITOR FLUID TRANSFER
2.2B.11.1A.7 CLOSE SUPPLY VALVE
2.2B.11.1A.8 DETACH AND RETRACT UMBILICAL
2.2B.11.1A.9 OPEN TNTERNAL VALVES

2

2

.2B.11.18.8 STORE OLD TANK
.2B.11.1B.9 LOCATE NEW TANK
.2B.11.18.10 INSTALL NEW TANK
.2B.11.1B. 11 CONNECT NEW TANK
.2B.11.1B.12 OPEN INTERNAL VALVES
.2B.11.18,13 CHECK FOR LEAKS
.2B 11.1B.14 CLOSE ACCESS PANEL
.2B.11.1B.15 STOW REPAIR EQUIPMENT
2.28.12 NOM-ROUTINC MAINTENANCE AND REPAIR
2.2B.13 ORBITAL DEPLOYMENT AND CHECKOUT
2.28.13.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT)
2.2B.13.1.1 INITIALIZE GUIDANCE SYSTEM

L e e R R

Update inertial reference system.
2 DETERMINE CURRENT ORBITAL PARAMETERS
3 DETERMINE DESIRED ORBITAL PARAMETERS
.4 CHOOSE OPTIMAL TRAJECTORY
.5 DETERMINE CURRENT ATTITUDE
6
7

1
.28, 11,1B.2 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
,2B.11.1B.3 OPEN ACCESS PANEL
.2B.11.18.4 CLOSE INTERNAL VALVES
.2B.11.18.5 LOCATE OLD TANK
.2B.11.18.6 DISCONNECT OLD TANK
.2B.11.1B.7 REMOVE OLD TANK
8
9
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DETERMINE DESIRED ATTITUDE
ROTATE SPACECRAFT

e e i e e e R R Sy

2.2B.13.1.8 FIRE THRUSTERS

2.2B8.13.2 UNDOCK TMS FROM PAYLOAD
2.2B.13.2.1 RELEASE DOCKING LATCH
2.28.13.2.2 RETRACT DOCKING MECHANISM
2.2B.13.2.3 MOVE AWAY FROM PAYLOAD

2.2B8.13.3 EXTEND DEPLOYABLE COMPONENTS
2.2B.13.3.1 LOCATE SOLAR ARRAY RESTRAINTS
2.2B.13.3.2 RELEASE SOLAR ARRAY RESTRAINTS
2.2B.13.3.3 LOCATE GRASPING FIXTURE ON TARGET

P L R R I R A Y

The target is the AXAF solar array,
4 GRASP FIXTURE
2. .3.5 DEPLOY SOLAR ARRAYS
2.2B.13.3.6 LOCATE SUNSHADE RESTRAINTS
2 7 RELEASE SUNSHADE RESTRAINTS
2 8 LOCATE GRASPING FIXTURE ON TARGET

The target is the AXAF sunshade.
2.2B.13.3.9 GRASP FIXTURE
2.2B.13.3.10 OPEN SUNSHADE
2.2B.13.3.11 DEPLOY TDRSS ANTENNAS
2.2B.13.4 OPERATIONAL CHECKOUT OF AXAF
2.2B.13.4,1 ACTIVATE AXAF SUBSYSTEMS
Attitude control, communications, thermal contro)l systems are
activated.
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2.28.13.4.2 COMMAND ATTITUDE CHANGE
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Command to chango po-nting 18 entared,

2.28.13.4 3 OBSERVE ATTITUDE CHANGE

Orbiter cbserves results of ottitude change command.
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2.2B.13.4.4 MON'TOR TELEMETRY
AXAF data 1s monitored by 0rb1ter.
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2.28.13.4.5 EVALUATE oYSTEM PERFURMANCE

Detector and housckeepting data 18 ovuluated to verify correct response
to command.

2. 28 13.5 IDENTIFY DEFECTIVE COMPONENT

.28 13.5.1 DETERMINE ANOMALOUS DATA

.2B.13.5.2 FORM HYPOTHESIS FOR PROBLEM

.2B8.13.5.3 DEVISE TEST FOR FAILURE HYPOTHESIS

.2B.13.5.4 PERFORM TEST FOR FAILURE HYPOTHESIS

.2B.13.5.5 IDENTIFY FAULTY COMPONENT

2.2B.13.6A COMPONENT FAILURE RECOVERY (REDUNDANCY)
2.2B.13.6A.1 SWITCH OUT FAULTY COMPONENT
2.2B.13.6A.2 SWITCH IN REDUNDANT COMPONENT
2.28.13.6A.3 MAKE DIAGNOSTIC CHECKS
2.2B.13.6A.4 UPDATE SPACECRAFT MODEL

2.2B.13.68 COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)

MMMMM

2.2B.13.68B.1 DEFINE ACCESS SEQUENCE
2,28.13.68.2 LOCATE ACCESS PANEL

2.2B.13.6B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
2.2B.13.6B .4 OPEN ACCESS PANEL

2.2B.13.68.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
2.28.13.68.6 REMOVE COMPONENT

2.2B.13.6B.7 STORE COMPONENT

2.2B.13.6B.8 LOCATE NEW COMPONENT

2.2B.13.6B.9 POSITION AND CONNECT NEW COMPONENT
2.2B.13.6B.6 ADJUST COMPONENT

2.2B.13.6B.11 MAKE DIAGNOSTIC CHECKS
2.2B.13.68B.12 CLOSE ACCESS PANEL

2.2B.13.6B.13 STOW RFPAIR EQUIPMENT

2,28.13.7 IDENTIFY DEFECTIVE SOFTWARE

2.2B.13.7.1 COMPARE MEASURED DATA TO MODEL
2.2B.13.7.2 DETERMINE ANOMALOUS DATA
2.2B.13.7.3 FORM HYPOTHESIS FOR PROBLEM
2.2B8.13.7 4 DEVISE TEST FOR FAILURE HYPOTHESIS
2.2B.13.7.5 PERFCRM TEST FOR FAILURE HYPOTHESIS
2.2B.13.7.7 IDENTIFY FAULTY SOFTWARE

2.28.13.8 SDFTWARE FAILURE RECOVERY
2.2B8.13.8.1 DETERMINE CORRECTION ALGORITHM
2.28.13.8.2 DATA/COMMAND ENCODING
2.2B.13.8.3 DATA/COMMAND TRANSMISSION
2.2B.13.8.4 COMPUTER FUNCTION CHECKS
2.28.14 RENDEZVOUS WITH ORBITER
2.2B.14.1 ORBITAL TRANSFER (OF TMS)
2.2B.14. 1.1 INITIALIZE GUIDANCE SYSTEM
Update inertia) reference system.
2 1.2 DETERMINE CURRENT ORBITAL PARAMETERS
2 1.3 DETERMINE DESIRED ORBITAL PARAMETERS
2. . 1.4 CHOOSE OPTIMAL TRAJECTORY
2.28.14.1.5 DETERMINE CURRENT ATTITUDE
2 1.6 DETERMINE DESIRED ATTITUDE
2 1.7 ROTATE SPACECRAFT
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2.28.,14.1.8 FIRE THRUSTERS

2.2B.14.2 SHUTDOWN TMS FOR RETRIEVAL
2.2B.14.2.1 STOW TMS ANTENNA
2.2B.14,2.2 DEACTIVATE TMS SUBSYSTEMS
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2.28.15 RETRIEVAL BY ORBITER
2.28.15.1 ADJUST ORCIT (OF CRBITER)
2.28.15.1.1 INITIALIZE uUXDANCE SYSTEM

Update inertial reforonce u,utﬁm
2.2B.15.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
2.28.15 . DETERMING DECSIRED ORBITAL PARAMETERS
2.2B.1% « 4 CHDOCH GPTIMAL TRAJECTORY
2.2B.15.1.5 FIRE THRUSTERS
2.2B.15.2 ADJUST ATTITUDE (OF ORBITER)
2.28.15.2.1 DETERMINE CURRENT ATTITUDE
2.2B.15.2 .2 DETERMINE DESIRED ATTITUDE
2.28.15.2.3 DETFRMXN" NEwW CONFIGURATION FOR SPACECRAFT COMPONENTS
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Main componente are colar arrays and radirators.
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2.2B.15.2.4 CHOCSE OPTIMAL TRAJECTORY
2.2B.15.2.5 ROTATE SHPACECRAFT

2.2B.15.3 OPTIMAL CONTROL ALLOCATION

2.2B.15 3 1 UPDATE SPACECRAFT MODEL

2.2B.1%.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
2.2B.15.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

2.2B.15.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
2.2B.15.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
2.2B.15.3.6 CHOOSE OPTIMAL CONTROL MODE

2.28.15.3.7 COMPUTE CONTROL COMMANDS

2.28.15.3.8 EXECUTE CONTROL COMMANDS

2.2B.15.4 ORBITER RECOVERY OF TMS§
2.2B.15.4.1 ACTIVATE RMS
2.2B.15.4.2 LOCATE GRASPING FIXTURE ON TARGET
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2.2B.15.4.3 MOVE RMS TO FIXTURE
2.2B.15.4.4 GRASF FIXTURE

2.2B.15.4.5 LOCATE CRADLE IN PAYLOAD BAY
2.2B.15.4 .6 TRANSLATE PAYLOAD TO CRADLE
2 2B.15.4.7 FASTEN PAYLOAD RESTRAINTS
2.2B.15.4 8 RMS RELEASES PAYLOAD
2.2B.15.4.9 SECURE RM% IN PAYLOAD BAY

2.2B.16 REENTRY AND LANDING
2.2B.17 POST-FLIGHT OPERATIONS
2.2B.17 .1 SAFING OF QOREBITER
2.2B.17 2 REMOVAL OF PAYLOAD FROM DRBITER
2.2B.17.2.1 OPEN PAYLOAC BAY DOORS
2.2B.17.2.2 ATTACH STRONGBACK TO PAYLCAD
2.2B.17.2.3 LCAD PAYLOAD INTOD CANISTER

2.3A RECOVERY (SHUTTLE WITH OMS KIT)
2.3A.1 DESIGN

L3AL 1,

.34,

DEFINE REQUIREMENTS
MISSION ANALYSIS
PAYLOAD ACCOMMDDATIONS
CREATE FUNCTIONAL LAYOUT
FAILURE MODES ANALYSIS
ADJUST DESIGN FOR MAINTENANCE AND REPAIR
CREATE MECHANICAL LAYOUT
SAFETY REVIEW
. DESIGN OF COMPONENTS
.1.10 SOFTWARE DEVELOPMENT
2.3A. 2 COMPONENT FABRICATION
2.3A.2.1 PROCURE OFF-THE-SHELF COMPONENTS
2.3A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
2.3A.,2.3 PROCURE MANJUFACTURING EQUIPMENT
4.3A.2.4 MANUFACTURE COMPONENTS
2.3A.3 COMPONENT TEST
2.3A.3.% SET UP TEST FACILITIES
2.3A.3.2 STRUCTURAL LOADS TESTS
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.3 DATA PRCCESSING AND SOFTWARE TESTS
.4 SOLAR ARRAY DEPLOYMENT TESTS
.5 ELECTRICAL SYSTEMS TESTS
6 THERMAL AND VACUUM TESTS
»7 DETECTOR ALIGNMENT TESTS
.8 COMPONENT CERTIFICATION
2.3A,4 SYSTEM INTEGRATION
2.3A.5 SYSTEM TEST
2.3A.8.1 POWER SUBSYSTEM TESTS

2.3A.5.2 THERMAL SUBSYSTEM TESTS
2.3A.5.3 STRUCTURE SUBSYSTEM TESTS
2.3A.5 4 INFORMATION PROCESSING SUBSYSTEM TESTS
2,.3A,5.5 COMMUNICATIONS SUBSYSTEM TESTS
2,3A.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS
R.3A,5.7 INTEGRATED SYSTEMS TESTS

8

2.3A.5.8 FAILURE MODES SIMULATION
2.3A.5.9 SYSTEM CERTIFICATION
2.3A.6 SHIPPING TO LAUNCH SITE
2.3A.6.1 REMOVE TEST EQUIPMENT
2.3A.6.,2 PERFORM NECESSARY DISASSEMBLY
2.3A.6.3 PACKING
2.3A.6.4 TRANSPORT TO LAUNCH SITE
2.3A.7 PAYLOAD INTEGRATION AND CHECKOUT
2.3A.7.1 UNPACKING
2.3A.7.2 PERFORM NECESSARY REASSEMBLY
2.3A.7.3 INTEGRATED SYSTEMS TESTS

2.3A.7.3.1 VERIFY POWER SYSTEM FUNCTION
2.3A.7.3.2 VERIFY COMMAND SYSTEM FUNCTION
2.3A.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
2.3A.7.83.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
2.3A.7.3.5 MISSION SEQUENCE SIMULATION
2,34,7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG.
2.3A.7.4.1 LOAD PAYLOAD INTO CONTAINER
2.3A.7.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
2.3A.7.4.3 ATTACH STRONGBACK TO PAYLOAD
2.3A.7.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE
2.3A.7.5 PERFORM INTERFACES CHECK
2.34.7.5.1 CHECK SHUTTLE/PAYLDAD MECHANICAL INTERFACES
2.3A.7.5.2 CHECK ELECTRICAL INTERFACES
2.3A.7.6 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY
2.3A.7.6.1 ATTACH STRONGBACK TO PAYLODAD
2.3A.7.6.2 L0AD PAYLOAD INTO CANISTER
2.3A.7.6.3 REMOVE STRONGBACK
2.3A.7 .6.4 CLOSE CANISTER
2.3A.7.6.5 TRANSPORT CANISTER TO ORBITER PROCESSIMNG FACILITY
2.3A.7.7 ORBITER/PAYLDAD INTEGRATION (HORIZONTAL)
2.3A.7.7.1 ATTACH STRONGBACK TO PAYLOAD
2.3A.7.7.2 INSTALL PAYLOAD IN ORBITER
2.3A.7.7.3 CONNECT ORBITER/PAYLOAD INTERFACES
2.3A.7.7.4 CHECK ELECTRICAL INTERFACES
2.3A.7.7.5 INSTALLATION OF OMS KIT
2.3A.7.7.6 CLOSE-OUT PAYLODOAD BAY

2.3A.8 COUNTDOWN AND LAUNCH

2.3A.9 ORBITAL DEPLOYMENT AND CHECKOUT

2.3A.10 DRBITAL RENDEZVOUS AND CAPTURE
2.3A.10.1 SHUTTLE ATTAINS RENDEZVOUS ORBIT
2,.3A,10.2 RENDEZVOUS WITH AXAF

2.3A.10.2.1 COMPUTE EXPECTED TARGET POSITION
2.3A.10.2.2 ALIGN ORBITER WITH EXPECTED TARGET POSITIODN
2.3A.10.2.23 DEPLOY RENDEZVOUS SENSOR

2.3A.10.2.4 ACTIVATE RENDEZVOUS SENSOR

2.3A.10.2.5 TRACK TARGET

2.3A.10.2.6 COMPUTE TERMINAL PHASE OMS BURN

2.3A.10.2.7 FIRE THRUSTERS

2.3A,10.3 STABILIZE AXAF FOR RETRIEVAL
2.3A.10. 3 { INITIALIZE GUIDANCE SYSTEM
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Update inertial reference system.
2.3A.10.3.2 DETERMINE CURRENT ATTITUDE

2.3A.12.3.3 DETERMINE DESIRED ATTITUDE
2.34.10.3.4 DETCRMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
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Main components are solar arrays and radiators, .
2.3A.10.3.5 CHOOSE OPTIMAL TRAUECTORY
2.3A.10.3,6 ROTATE SPACECRAFT
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Use magnetic torquers for att1tude control.
2.3A.10.8.7 DETERMINE DISTURBING TORQUES
2.3A,10.,3.8 COMPUTE REQUIRED RESULTANT
2,.3A.10.3.9 APPLY COMPENSATING TORQUES
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Use magnatic torquers.
2,3A.10.3.10 SHUTDOWN SPACECRAFT SYSTEMS
2.3A.10.4 ATTACH AXAF TO ORBITER
2.3A.10.4.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER

2.3A.10.4,2 LOCATE GRASPING FIXTURE ON TARGET

The target i1s AXAF.

2.3A.11.1 RETRACT DEPLOYABLE PAYLOAD COMPONENTS

2.3A,10.4.3 GRASP FIXTURE

2.3A.10.4.4 TRANSLATE PAYLOAD TO CRADLE
2.3A.10.4.5 FASTEN PAYLDAD RESTRAINTS
2.3A.11 SECURE PAYLOAD I*! ORBITER

2,3A.11.1.1 RETRACT TDRSS ANTENNAS
2.3A.11.1,2 LOCATE SUNSHADE RESTRAINTS
2.3A.11.1.3 RELEASE SUNSHADE RESTRAINTS

2,3A.11.1.4

LOCATE GRASPING FIXTURE ON TARGET
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is the AXAF sunshade.
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The target

2.3A.
2.3A,
2.34,
2.3A.
2.3A,

11.

11,

GRASP FIXTURE
CLOSE SUNSHADE

RELEASE SOLAR ARRAY RESTRAINTS

1.5
1.6
.1.7 LOGATE SOLAR ARRAY RESTRAINTS
1.8
1.9

LOCATE GRASPING FIXTURE ON TARGET
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2.3A.11,1.10 GRASP FIXTURE
2.3A.11.1.11 RETRACT SOLAR ARRAYS

2.3A.11.2 RETRACTION OF PAYLOAD INTO PAYLDAD BAY
2.3A.11.2.,1 LOCATE GRASPING FIXTURE ON TARGET

The target

is AXAF.
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.2.2 GRASP FIXTURE
.2.3 TILT PAYLOAD TO HORIZONTAL POSITION

----- D - e W e e S = e o e G e e e e W e Y e U S e P e S T B S0 e e e G e e

AXAF 1s mounted on

a tilt-table.

--------------------------------------------------------------------- - -

2.3A,

11

.2.4 FASTEN PAYLOAD RESTRAINTS
.2.5 CLOSE PAYLOAD BAYV DOORS

2.3A.12 REENTRY AND LANDING
2.3A.13 POST-FLIGHT OPERATIONS

2.3A.

13.1 SAFINF OF ORBITER

2.3A.13.2 REMOVA. OF PAYLOAD FROM ORBITER
2.3A.13.2,.1 OPEN PAYLOAD BAY DOORS
2.3A.13.2.2 ATTACH STRONGBACK TO PAYLOAD
2.3A.13.2.3 LDAD PAYLOAD INTO CANISTER

2.38 RECOVERY (SHUTTLE WITH TMS UPPER STAGE)
2.3B.1 DESIGN

[SESESNSEVESE N

.3B.
.3B.
.3B.
.38.
.38.
.38.
.38.

1.

- —h A s A o
NO U D WA -

DEFINE REQUIREMENTS
MISSION ANALYSIS

PAYLOAD ACCOMMODATIONS
CREATE FUNCTIONAL LAYOUT
FAILURE MODES ANALYSIS
CREATE MECHANICAL LAYOUT
SAFETY REVIEW
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2.38.1.8 DESIGN OF COMPONENTS

2.

3B8.1.10 SOFTWARE DEVELOPMENT

2.38.2 COMPONENT FABRICATION
2.38.2.1
2.3B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS

2.

38.2.3

PROCURE OFF=-THE=-SHELF COMPONENTS
AROCURE MANUFACTURING EQUIPMENT

2.38.2.4 MANUFACTURE COMPONENTS
2.3B.3 COMPONENT TEST

M&DMNMPJPJ”

.38.3.1
.38.3.2
.38.3.3
.38.3.4
.38.3.5
.3B.3.6
.3B.3.7
.38.3.8

.38.3.8

SET UP TEST FACILITIES

STRUCTURAL LOADS TESTS

DATA PROCESSING AND SOFTWARE TESTS

SOLAR ARRAY DEPLOYMENT TESTS

ELECTRICAL SYSTEMS TESTS

THERMAL AND VACUUM TESTS

DETECTOR ALIGNMENT TESTS )
THRUSTER TESTS

COMPONENT CERTIFICATION

2.38.4 SYSTEM INTEGRATION
2.38.5 SYSTEM TEST

PR RBRNODODDON -

2.38.

.38,
.3B.
.38,
.38.
.3B.
.38B.
.38.
.3B.
.3B.
.38,
.38.

’.

mmmmmmmmmmm
DE~NOUTELWNR -

POWER SUBSYSTEM TESTS

THERMAL SUBSYSTEM TESTS

STRUCTURE SUBSYSTEM TESTS

INFORMATION PROCESSING SUBSYSTEM TESTS
COMMUNICATIONS SUBSYSTEM TESTS
ATTITUDE CONTROL SUBSYSTEM TESTS
OPTICAL SUBSYSTEM TESTS

PROPULSION SUBSYSTEM-TESTS

INTEGRATED SYSTEMS TESTS

.10 FAILURE MODES SIMULATION
.11 SYSTEM CERTIFICATION
H SHIPPING TO LAUNCH SITE

2.38.6.1 REMOVE TEST EQUIPMENT

2.38.6.2 PERFORM NECESSARY DISASSEMBLY

2.38.6.3 PACKING

2.3B.6 4 TRANSPORT TO LAUNCH SITE
2.3B.7 PAYLOAD INTEGRATION AND CHECKOUT

2
2.
2

.38.7.1
38.7.2

q~q\x§-q~:o-4\:4-4~:4-4~:q-u~cq-4~14-4-4~:q-q

UNPACKING
PERFORM NECESSARY REASSEMBLY
INTEGRATED SYSTEMS TESTS

.7.3.1 VEIFY POWER SYSTEM FUNCTION

.2 VERIFY COMMAND SYSTEM FUNCTION

.3 VERIFY MECHANICAL SYSTEM FUNCTION

.4 VERIFY COMMUNICATICNS SYSTEM FUNCTION

.5 MISSION SEQUENCE SIMULATION

NSFER TO OPERATIONS AND CHECKOUT BLDG.

.1 LOAD PAYLOAD INTO CONTAINER

.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
.3 ATTACH STRONGBACK TO PAYLOAD

.4 INSTALL PAYLOAD IMN HORIZONTAL CITE

Er°ATE TMS WITH PAYLOAD

FURM INTERFACES CHECK

.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES

.2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
.3 CHECK ELECTRICAL INTERFACES

NSFER TMS/PAYLDAD TO ORBITER PROCESSING FACILITY
.1 ATTACH STRONGBACK TO PAYLOAD

.2 LOAD PAYLOAD INTO CANISTER

.3 REMOVE STRONGBACK

4 CLOSE CANISTER

.5 TRANSPORT CANISTER TO ORBITER PROCESSIWG FACILITY
ITER/PAYLOAD INTEGRATION (HORIZONTAL)

1 ATTACH STRONGBACK TO PAYLDAD

2 INSTALL PAYLOAD IN ORBITER

.3 CONNECT ORBITER/PAYLOAD INTERFACES

4

5

mZ

minmmin&wqngqx»mmm:o-!bbbnbwwum

CHECK ELECTRICAL INTERFACES
CLOSE-OUT PAYLDAD BAY
.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES

2.38.8 COUNTDONN AND LAUNCH

2.38.9 ORBITAL RENDEZVOUS AND CAPTURE
2.38.9.1 SHUTTLE ATTAINS DELIVERY ORBIT
2.3B.9.2 TESTS OF ATTACHED PAYLOAD

2.38.

9.2.1 POWER SUBSYSTEM CHECKOUT
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2.38.9.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
2.38.8.3 EXTENSICON OF PAYLOAD FROM PAYLOAD BAY

2.3B.9.3.1 OPEN PAYLOAD BAY DOORS

2.38.9.3,2 ACTIVATE RMS

2.38.9.3.3 LOCATE GRASPING FIXTURE ON TARGET

L R R i R R e N R

The target is the TMS,

2.38.9.3.4 MOVE RMS TO FIXTURE
2.38.9.3.5 GRASP FIXTURE
2,.38.9.3.6 RELEASE PAYLDAD RESTRAINTS
2.38,9.3.7 TRANSLATE PAYLOAD QUT OF PAYLOAD BAY

2.38B.9.4 SEPARATION OF PAYLOAD FROM ORBITER
2.3B.9.4.1 RMS RELEASES PAYLDAD
2.38.9.4.2 SECURE RMS IN PAYLOAD BAY

2.3B.9.5 OPERATIONAL CHECKUOUT OF TMS

2.38.9.5.1 ACTIVATE TMS SUBSYSTEMS

2.38.9.5.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
2.38.9.5.3 POWER SUBSYSTEM CHECKOUT

2.3B.9.5.4 THERMAL SUBSYSTEM CHECKOUT

2.38.9.5.5 STRUCTURAL SUBSYSTEM CHECKOUT

2.38.9.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT
2.38.9.5.7 ATTITUDE CONTROL SUBSYSTEM CHECKOWUT
2.38.9.5.8 PROPULSION SUBSYSTEM CHECKOUT

2.38.9.5.8 CONSUMABLES LEVELS CHECKOUT

2.3B.9.6 O.'8ITAL TRANSFER
2,38.9.6.1 INITIALIZE GUIDANCE SYSTEM
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Update inertial reference system,
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2.3B.9.6.2 DETERMINE CURRENT ORBITAL PARAMETERS
2.38.9.6.3 DETERMINE DESIRED ORBITAL PARAMETERS
2.38.8.6.4 CHOOSE OPTIMAL TRAJECTORY

2.38.8.6.5 DETERMINE CURRENT ATTITUDE
2.3B.9.6.6 DETERMINE DESIRED ATTITUDE
2.3B.9.6.7 ROTATE SPACECRAFT
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2.38.9.6.8 FIRE THRUSTERS
2.3B.9.7 STABILIZE AXAF FOR RETRIEVAL
2.38.9.7.1 INITIALIZE GUIDANCE SYSTEM

Update inertial reference system,
.8.7.2 DETERMINE CURRENT ATTITUDE
2.38.9.7.3 DETERMINE DESIRED ATTITUDE
9.7.4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS

e e en A e e e T e e e e e e A OY Y M B e G W G (N S e @ e A s e e e M e e ke Ge G e e e e e e
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2.38.9.7.5 CHOOSE OPTIMAL TRAJECTORY
9.7.6 ROTATE SPACECRAFT
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2.38.9.7.7 DETERMINE DISTURBING TORQUES
2.3B.9.7.8 COMPUTE REQUIRED RESULTANT
2.38.9.7.9 APPLY COMPENSATING TORQUES

2.38.9.7.10 SHUTDOWN SPACECRAFT SYSTEMS

2.38.9.8 DOCK TMS TO SPACECRAFT
2.38.9.8.1 LOCATE DOCKING TARGET
2.38.9.8.2 EXTEND DOCKING MECHANISM
2.38.8.8.3 FASTEN DOCKING LATCH

2.3B.10 RENDEZVOUS WITH ORBITER

2.38.10.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT)

2.3B.10.1.1 INITIALIZ?7 GUIDANCE SYSTEM
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Update inertial reference system.
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2.38,10.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
2.3B.10.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
2.38.10.1.4 CHOOSE OPTIMAL TRAJECTORY
2,38,10.1.5 DETERMINE CURRENT ATTITUDE
2,38,10.1.6 DETERMINE DESIREN ATTITUDE
2.38.10.1.7 ROTATE SPACECRAFT

P A L L L e R L L L L L LT T

Use magnet1c torquers for attitude control.
2,38.10.1.8 FIRE THRUSTERS
2.3B.10.2 SHUTDOWN TMS FOR RETRIEVAL
2.38.10.2.1 STOW TMS ANTENNA
2.38.10.2.2 DEACTIVATE TMS SUBSYSTEMS
2.3B.11 RETRIEVAL BY ORBITER
2.38.11,1 ADJUST ORBIT (OF ORBITER)
2 3B.11.1.1 INITIALIZE GUIDANCE SYSTEM
Update 1nert1a1 reference system.
2.38.11.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
2,3B.11,1.3 DETERMINE DESIRED ORBITAL PARAMETERS
2,3B.11.1.4 CHOOSE OPTIMAL TRAJECTORY
2.3B.14.1.5 FIRE THRUSTERS
2.38B.11.2 ADJUST ATTITUDE (OF ORBITER)
2.38.11.2.1 DETERMINE CURRENT ATTITUDE
2.38.14,2.2 DETERMINE DESIRED ATTITUDE
2.3B.11.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS

o . an e T s T on = S - T R - = e e S P B T S R A A e e N e e Ge e e P S e P e e e e e S e e A e B om e om e o e 8P e e e S
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2.3B.11.2.4 CHOOSE OPTIMAL TRAJECTORY
2.3B8.11.2.5 ROTATE SPACECRAFT

om0  m - e B e A e e e e T e o e T e e e e e e e s o e e e S m e e W e W6 S e S T B e G e A R e S 4 % U e e e

2.3B.11.3 OPTIMAL CONTROL ALLOCATION

2.38.11.3.1 UPDATE SPACECRAFT MODEL

2.38.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
2,38,11.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

2,3B.11.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
2,38.11.8.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT

2 3B.11.3.6 CHOOSE OPTIMAL CONTROL MODE

2.3B,11.3.7 COMPUTE CONTROL COMMANDS

2,3B.11.3.8 EXECUTE CONTROL COMMANDS

2.3B.141.4 ORBITER RECOVERY OF TMS/SPACECRAFT
2.3B.11.4.1 ACTIVATE RMS
2.3B.11.4.2 LOCATE GRASPING FIXTURE ON TARGET

- . > = - o, T - e s o e e e P M e e e e e S e e e Y= e G o S = G A e e U ™ e e M e Me AP Y e e e T e S S A e
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2.3B.114.4.3 MOVE RMS TO FIXTURE
2.3B.11.4.4 GRASP FIXTURE

2.3B.11.4.5 LOCATE CRADLE IN PAYLOAD BAY
2.3B.11.4.6 TRANSLATE PAYLOAD TO CRADLE
2.3B.11.4.7 FASTEN PAYLOAD RESTRAINTS
2.3B.11.4.8 RMS RELEASES PAYLOAD
2,3B.11.4.9 SECURE RMS IN PAYLOAD BAY

2.3B.12 REENTRY AND LANDING
2.38.13 POST~FLIGHT OPERATIONS
2.3B.13.1 SAFING OF ORBITER
2.38.13.2 REMOVAL OF PAYLOAD FROM ORBITER
2,38.13.2.1 OPEN PAYLOAD BAY DOORS
2,.3B8.13.2.2 ATTACH STRONGBACK TO PAYLOAD
2,3B.13.2.3 LOAD PAYLOAD INTO CANISTER
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2.A.4: TELEOPERATOR MANEUVERING SYSTEM

L N L R e e e ettt adadad

The primary information for this breakdown came from the following
sources: Teleoperator Maneuvering System Study/Mission Requirements and
System Definition Study/Review, April 7, 1881, July 22, 1981, and May i1,
1982; Vought Corporation TMS Design Information Release, Septamber 19, 1980;
MSFC'’s Remote Satellite Services Program/Program Planning Summary, Feburary
1981; Teleoperator Maneuvering System Study/Missicn Requirements and
System Definition Study (Volume II-Technical Report), May 11, 1882,

3 TELEOPERATOR MANEUVERING SYSTEM

3.1A SPACECRAFT TRANSFER (DEPL.OYMENT)

This mission is the deployment option of the more general spacecraft
transfer mission., The TMS is used to transfer a spacecraft from the Orbiter
to 1ts intended orbit.

3.1A.1 DESIGN
3.1A.1.1 DEFINE REQUIREMENTS

TMS subsystem requirements include communications, viewing, docking,

guidance and control, propulsion, power, and environmental subsystems,

.2 MISSION ANALYSIS

1

3. 1.3 PAYLOAD ACCOMODATIONS
3.1A.1.4 CREATE FUNCTIONAL LAYDUT
3.1A.1.5 FAILURE MODES ANALYSIS
3.1A.1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR
3.1A.1.7 CREATE MECHANICAL LAYOUT
3.1A.1.8 SAFETY REVIEW
3.1A.1.9 DESIGN OF COMPONENTS
3.1A.1.10 SOFTWARE DEVELOPMENT

3.1A.2 COMPONENT FABRICATION
3.1A,2.1 PROCURE OFF-THE-SHELF COMPONENTS
3.1A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
3.1A.2.3 PROCURE MANUFACTURING EQUIPMENT
3.1A.2.4 MANUFACTURE COMPONENTS

3.1A.3 COMPONENT TEST
3.1A.3.1 SET UP TEST FACILITIES
3.1A.3.2 STRUCTURAL LOADS TESTS
3,1A.3.3 DATA PROCESSING AND SOFTWARE TESTS
3.1A.3.4 ANTENNA AND ARRAY DEPLOYMENT TESTS
3.1A.3.5 ELECTRICAL SYSTEMS TESTS
3.1A.3.6 THERMAL AND VACUUM TESTS
3.1A,3.7 THRUSTER TESTS
3.1A.3.8 COMPONENT CtRTIFICATION

3.1A.4 SYSTEM INTEGRATION

3.1A.5 SYSTEM TEST
3.14.5.1 POWER SUBSYSTEM TESTS
3.1A.5.2 THERMAL SUBSYSTEM TETTS
3.1A.5.3 STRUCTURE SUBSYSTEM TESTS
3.1A.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS
3.1A.5.5 COMMUNICATIONS SUBSYSTEM TESTS
3.1A.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS
3.1A.5.7 PROPULSION SUBSYSTEM TESTS
3.1A.5.8 INTEGRATED SYSTEMS TESTS
3.1A.5.9 FAILURE MODES SIMULATION
3.1A.5.10 SYSTEM CERTIFICATION

3.1A.6 SHIPPING TO LAUNCH SITE
3.1A.6.1 REMOVE TEST EQUIPMENT
3.1A.6.2 PERFORM NECESSARY DISASSEMBLY
3.14.6.3 PACKING
3.1A.6.4 TRANSPORT TO LAUNCH SITE

3.1A.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLDAD)

The integration attitude of the TMS will depend upcn the payload carried by
the TMS. Horizontal integration will be used for a ho:izontal payload.

- e e A e e e m et T e T e S e e R T R e s = = S Y = e e e T e = e e v e e e m e e -

3.1A.7A.1 UNPACKING

3.1A.7A.2 PERFORM NECESSARY REASSEMBLY

3.1A.7A.3 INTEGRATED SYSTEMS TESTS
3.1A.7A.3.1 VERIFY POWER SYSTEM FUNCTION
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3.1A.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION
3.1A.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
3.1A.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
- 3.1A.7A,3.5 MISSION SEQUENCE SIMULATION

3.1A,7A.4 TRANSFER TO OPERATICNS AND CHECKOUT BLDG.
3.1A,7A.4.1 LOAD PAYLOAD INTO CONTAINER
3.1A.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
3.1A.7A.4.3 ATTACH STRONGBACK TO PAYLODAD
3.1A.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE

3.1A,7A.5 INTEGRATE TMS WITH PAYLOAD

3.1A.7A.6 PERFORM INTERFACES CHECK
3.1A.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
3.1A.7A.6.2 CHECK ELECTRICAL INTERFACES
3.1A.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
3.1A.7A.6.4 CHECK ELECTRICAL INTERFACES

3.1A.7A.7 TRANSFER TMS/PAYLOAD TD ORBITER PROCESSING FACILITY

3.1A.7A.7.1 ATTACH STRONGBACK TO PAYLODAD
3.1A.7A.7.2 LOAD PAYLOAD INTO CANISTER
3.1A.7A.7.3 REMOVE STRONGBACK
3.1A.7A.7.4 CLOSE CANISTER
3.1A.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
3.1A.7A.7.6 UNLOAD CANISTER
3.1A.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL)
3.1A,7A.8.1 ATTACH STRONGBACK TO PAYLDAD
3.1A.7A.8.2 INSTALL PAYLOAD IN ORBITER
3.1A.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
3.1A.7A.8.4 CHECK ELECTRICAL INTERFACES
3.1A.7A.8.5 REMOVE STRONGBACK
3.1A.7A.8.6 CLOSE~OUT PAYLOAD BAY
3.1A,.7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
3.1A.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD)
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The integration attitude of the TMS will depend upon the payload carried by
the TM3. Vertical integration will be used for a vertical payload,

3.1A.7B. 1 UNPACKING

3.1A.7B.2 PERFORM NECESSARY REASSEMBLY

3.1A.7B.3 INTEGRATED SYSTEMS TESTS
3.1A.78.3.1 VERIFY PDOWER SYSTEM FUNCTION
3.1A.78.3.2 VERIFY COMMAND SYSTEM FUNCTION
3.1A.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
3.1A.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
3.1A.7B.3.5 MISSION SEQUENCE SIMULATION

3.1A.7B.4 TRANSFER TO VERTICAL PROCESSING FACILITY
3.1A.78.4.1 LOAD PAYLOAD INTO CONTAINER
3.1A.7B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY
3 1A.7B.4.3 UNLOAD CONTAINER

3.1A.78.5 INTEGRATE TMS WITH PAYLDAD

3.1A.7B.6 PERFORM INTERFACES CHECK
3.1A.78.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
3.1A.78.6.2 CHECK ELECTRICAL INTERFACES
3.1A.7B.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
3.1A.7B.6.4 CHECK ELECTRICAL INTERFACES

3.1A,7B.7 TRANSFER PAYLOAD TO LAUNCH PAD
3.1A.78.7.1 LOAD PAYLOAD INTO CANISTER
3.1A.7B.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE
3.1A.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
3.1A.7B.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
3.1A.78.7 5 REMOVE CANISTER

3.1A.7B.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL)

3.1A.78.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER
3.1A.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM
3.1A.7B.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
3.1A.78.8.4 CHECK ELECTRICAL INTERFACES
3.1A.78.8.5 CLOSE-OUT PAYLOAD BAY
3.1A.7B.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
3.1A COUNTDOWN AND LAUNCH
3.1A ORBITAL DEPLOYMENT AND CHECKOUT

.1A.9.1 SHUTTLE ATTAINS DELIVERY ORBIT
.1A.9.2 TESTS OF ATTACHED PAYLOAD

In these sequences, the "payload" {is the TMS mated with its payload.
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3.14.9.2,1 POWER SUBSYSTEM CHECKOUT
3.1A,9.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
3.1A.9.3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY
3.1A.8,3.1 OPEN PAYLOAD BAY DOORS
3.1A.9.3.2 ACTIVATE RMS
3.1A.9,3,3 LOCATE GRASPING FIXTURE ON TARGET
3.1A,9,3.4 MOVE RMS TO FIXTURE
3.14.9.3.5 GRASP FIXTURE
3.1A.8.3,6 RELEASE PAYLOAD RESTRAINTS
3.1A4,9,3.7 TRANSLATE PAYLOAD OUT OF PAYLCAD BAY
3.1A.9.4 SEPARATION OF PAYLOAD FROM ORBITER
3.1A.9.4,1 RMS RELEASES PAYLOAD
3.1A.8.4.2 SECURE RMS IN PAYLOAD BAY
3.1A.8.5 OPERATIONAL CHECKOUT

I e el e e S R R R

Checkout of the TMS on-orbit.
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3.1A.9.5.1 ACTIVATE TMS SUBSYSTEMS

3.1A,8.5.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
3.1A.9.5,3 POWER SUBSYSTEM CHECKOUT
3.1A.9.5,4 THERMAL SUBSYSTEM CHECKOUT
9.1A4.9.5.5 STRUCTURAL SUBSYSTEM CHECKOUT
.1A.9.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT
1A.8.5,7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT

,1A.9.5,.8 PROPULSION SUBSYSTEM CHECKOUT
.1A,9.5,9 CONSUMABLES LEVELS CHECKOUT

.6 IDENTIFY DEFECTIVE COMPONENT

.1A.8.6.1 DETERMINE ANOMALOUS DATA

.1A.9.6.2 FORM HMYPOTHESIS FOR PROBLEM
.1A.9.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS
.1A.9.6.4 PERFORM TEST FOR FAILURE HYPOTHESIS
.1A4,9.6,5 IDENTIFY FAULTY COMPONENT

.7 IDENTIFY DEFECTIVE SOFTWARE

.1A.9,7.1 COMPARE MEASURED DATA TO MODEL
.14.9.7.2 DETERMINE ANOMALOUS DATA

.1A.8.7.3 FORM HYPDTHES1S FOR PROBLEM
.1A.9.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.1A.,9.7.5 PERFORM TEST FOR FAILURE HYPOTHESIS
.BA COMPONENT FAILURE RECOVERY (REDUNDANCY)
.1A.9.BA,1 SWITCK OUT FAULTY COMPONENT
.1A.9.8A.2 SWITCH IN REDUNDANT COMPONENT
.1A.8,BA.3 MAKE DIAGNDSTIC CHECKS

.1A.9.8A.4 UPDATE SPACECRAFT MODEL

.88 COMPONENT FAILURE RECOVERY (ON-BOARD RZIPAIR)

w
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1 DEFINE ACCESS SEQUENCE
2 LOCATE ACCESS PANEL
3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
4 DOPEN ACCESS PANCL
.8B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
6 REMOVE COMPONENT
7 STORE COMPONENT
8 LOCATE NEW COMPONENT
S POSITION AND CONNECT NEW COMPONENT
.8B.10 ADJUST COMPONENT
.8B.11 MAKE DIAGNOSTIC CHECKS
.8B.12 CLOSE ACCESS PANEL
.B8B.13 STOW REPAIR ECUIPMENT
. .8B.14 UPDATE SPACECRAFT MODEL
.8 SOFTWARE FAILURE RECOVERY
.14.9.9.1 DETERMINE CORRECTION ALGORITHM
.1A.9,9.2 DATA/COMMAND ENCODING
.1A,9.9.3 DATA/COMMAND TRANSMISSION
.14.8.9.4 COMPUTER FUNCTIDN CHECKS
.10 DRBITAL TRANSFER (OF TMS/SPACECRAFT)
.1A.9.10.1 INITIALIZE GUIDANCE SYSTEM
.1A.8.10.2 DETERMINE CURRENT ORBITAL PARAMETERS

Current orbital parameters might be determined from Orbiter telemetry,
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a GPS reciever, or internal memory.
3.1A,9.10.3 DETERMINE DESIRED ORBITAL PARAMETERS
3.1A.8. 10 4 CHDOSE OPTIMAL TRAJECTORY
This would 1ikely be done before the flight, but couId be updated onca the
TMS was on-orbit.
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3.1A.9.10.5 DETERMINE CURRENT ATTITUDE
3.1A.9.10.6 DETERMINE DESIRED ATTITUDE
3.1A,9.10.7 ROTATE SPACECRAFT
3.1A.9.10.8 FIRE THRUSTERS

3.1A.9.11 UNDOCK TMS FROM PAYLOAD
3.1A.9.11.1 RELEASE DOCKING LATCH
3.1A.9.11.2 RETRACT DOCKING MECHANISM
3.1A4.9.11.3 MOVE AWAY FROM PAYLOAD
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This would have to be done carefully, to avoid thruster impingement upon
the spacecratt being deployed.
3.1A.9,12 OPERATIONAL CHECKOUT AND ATTITUDE ADJUSTMENT OF SPACECRAFT
This is probably not a TMS function, although the TMS coculd be used as a
telemetry link.
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This sequence {s performed in parallel with other on-orbit operational
sequences.,
3.1A.10.1 TEMPERATURE MANAGEMENT
3.1A.10.1.1 MEASURE COMPONENT TEMPERATURES
3.1A.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS
3.1A,10.1.3 ADJUUST COOLING/HEATING SYSTEMS
3.1A,10.2 POWER MANAGEMENT
3.14.10.2.1 MEASURE CURRENTS AND VOLTAGES
3.1A,10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
3.1A.10.2.3 ADJUST CURRENTS AND VOLTAGES
3.1A.10.2.4 MONITOR BATTERIES
3.14.10.3 DATA/COMMAND PROCESSING
.1A.,10.3.1 SHORT-TERM MEMORY STORAGE
LONG-TERM MEMORY STORAGE
DATA/COMMAND ENCODING
DATA/COMMAND DECODING
NUMERICAL COMPUTATION
LOGIC OPERATIONS
' . COMPUTER LOAD SCHEDULING
.1A.10. COMPUTER FUNCTION CHECKS
3.14.10.4 CONSUMABLES MANAGEMENT
3.1A.10.4.1 MONITOR PROPELLANT SUPPLIES
3.1A,.10.4.2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
3.1A.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION
3.1A.10.5 STRUCTURAL MANAGEMENT
.1A.10.5.1 MEASURE STRAINS IN STRUCTURE
.1A.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS
.1A.10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
.1A.10.5.4 APPLY COMPENSATING FODRCES
.1A.10.5.5 APPLY VIBRATIu DAMPING
0.6 HAZARD AVODIDANCE
.1A.10.6.1 AVOID TANK OVERPRESSURES
.1A.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS
.1A.10.6.3 MAINTAIN COMMUNICATION LINKS
.10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
.1A,10.6.5 TRACK NEARBY OBUJECTS
.1A.10.6.6 AVOID CONFLICTING OBJECTS
0.7 DOPTIMAL SEQUENCING
1AL 10, UPDATE SPACECRAFT MODEL
1A .10, PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
1A, 10, ESTIMATE RISKS FROM DESIRED FUNCTIONS
L1410, PROJECT CONSUMABLES REQUIREMENTS FROM MI:SION PROFILE
1A 10, DETERMINE CONSTRAINTS AND FIGURES OF MERIT
.1A.10. COMPUTE OPTIMAL SEQUENCING
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.10.8 IDENTIFY DEFECTIVE COMPONENT

3.1A.10.8.1 DETERMINE ANOMA.uUS DATA
3.1A.10.8.2 FORM HYPOTHESIS FOR PROBLEM
3.1A.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS
3.1A.10.8.4 PERFORM TEST FOR FAJLURE HYPOTHESIS
3.1A,10.8.5 IDENTIFY FAULTY COMPONENY

.10.9 IDENTIFY DEFECTIVE SOFTWARE

3.1A,10.9.1 COMPARE MEASURED DATA TO MODEL
3.1A.10.9.2 DETERMINE ANOMALOUS DATA
3.1A,10.9.3 FORM HYPOTHESIS FOR PROBLEM
3.1A.10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS
3.14.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS

. 10.10A COMPONENT FAILURE RECOVERY (RECUNDANCY)

3.1A,10.10A, 1 SWITCH OUT FAULTY COMPONENT
3.1A.10.10A.2 SWITCH IN REDUNDANT COMPONENT
3.1A.10.10A.3 MAKE DIAGNOSTIC CHECKS
3.1A.10.10A.4 UPDATE SPACECRAFT MODEL

.10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)

.1A,10.10B. 10 ADJUST COMPONENT
.1A.10.10B. 11 MAKE DIAGNOSTIC CHECKS
.1A.10.108B.12 CLOSE ACCESS PANEL

.1A. 10 10B. 13 STOW REPAIR EQUIPMENT
1A.10.10B. 14 UPDATE SPACECRAFT MODEL

3.1A,10.10B.1 DEFINE ACCESS SEQUENCE
3.1A.10.108.2 LOCATE ACCESS PANEL

3.1A.10.10B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
3.1A.10.10B.4 OPEN ACCESS PANEL

3.1A.10.10B.5 OBLERVE/LOCATE DEFECTIVE COMPONENT
3.1A.10.10B.6 REMOVE COMPONENT

3.1A.10.10B.7 STORE COMPONENT

3.1A.10.10B.8 LOCATE NEW COMPONENT

3.1A.10.10B.9 POSITION AND CONNECT NEW COMPONENT
3

3

3

3

3.

L1014 SOFTWARE FAILURE RECOVERY

3.44.10. DETERMINE CORRECTION ALGORITHM
3.1A.10.11.2 DATA/COMMAND ENCODING
3.1A,10.11,3 DATA/COMMAND TRANSMISSION
3.1A,.10.11.4 COMPUTER FUNCTION CHECKS

10.12 REPORT SYSTEM 3TATUS

3.1A.10.12.1 DATA/COMMAND ENCODING
3.1A.10.12.2 DATA/CULMMAND TRANSMISSION
3.1A.10.12.3 DATA/COMMAND DECODING
3.14.10.12.4 DATA/COMMAND DISPLAY

11 RENDEZVOUS WITH ORBITER

3.1A.

3.14

J.1A,

3.1A.

11.1 ORBITAL TRANSFER (OF TMS)
1A, 11.4.1 INITIALIZE GUIDANCE SYSTEM
DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED OURBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
. .1.7 ROTATE SPACECRAFT
.1A.11.1.8 FIRE THRUSTERS
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.11.2 SHUTDDwN TMS FOR RETRIEVAL

3.1A,.11.2.1 STOW TMS ANTENNA
3.1A.11.2.2 DEACTIVATE TMS SUBSYSTEMS

.12 RETRIEVAL BY ORBITER
.12.1 ADJUSY ORBIT (OF DORBITER)

e B
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3.1A.12.1.1 INITIALIZE GUIDANCE SYSTEM
3.1A.12.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
3.1A.12.1.3 LETERMINE DESIRED DRBITAL PARAMETERS
3.1A.12.1.4 CHODSE OPTIMAL TRAJECTORY
3.14.12.1.5 FIRE THRUSTERS

12.2 ADJUST ATTITUDE (OF ORBITER)

3.1A.12.2.1 DETERMINE CURRENT ATTITUDE

3 1A4.12.2.2 DETERMINE DZSIRED ATTITUDE
3.1A.12.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
3.1A.12.2.4 CHOOSE OPTIMAL TRAJECTORY
3.1A.12.2.5 ROTATE SPACECRAFT

12.3 OPTIMAL CONTROL ALLOCATION

3.1A,12.3.1 UPDATE SPACECRAFT MODEL

3.1A.12.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE

3.1A.12.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
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.1A.12.3.4 PROJUECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
L1A.12.3.95 DETERMINE CONSTRAINTS AND FIGURES OF MERIT

.1A.12.3.6 CHOOSE OPTIMAL CONTROL MODE

.1A.12.3.7 COMPUTE CONTROL COMMANDS

.1A.12,3.8 EXECUTE CONTROL COMMANDS

3.1A.12.4 ORBITER RECOVERY OF TMS

[ARARARARAL

3.1A.12.4.1 ACTIVATC RMS

3.1A.12.4.2 LOCATE GRASPING FIXTURE ON TARGET
3.1A.12.4.3 MOVE RMS TO FIXTURE

3.1A.12.4.4 GRASP FIXTURE

3.1A.12.4.5 LOCATE CRADLE IN PAYLDAD BAY
3.1A.12.4.6 TRANSLATE PAYLOAD TO CRADLE
3.1A.12.4.7 FASTEN PAYLOAD RESTRAINTS
3.1A.12.4.8 RMS RELEASES PAYLOAD

3.1A.12.4.,8 SECURE RMS IN PAYLOAD BAY
3.1A,13 REENTRY AND LANDING
3.1A.14 POST~FLIGHT OPERATIONS
3.1A.34.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS
3.1A,14.2 REMOVAL OF PAYLOADS FROM ORBITER

3.18B SPACECRAFT TRANSFER (RETRIEVAL)

This 15 the retrieval option of the spacecraft transfer mission. In this
mission, the TMS {s deployed to retriyeve a spacecraft and return it to the

orbiter,

3.1B.1 DESIGN
1B.1.1 SEFINE REQUIREMENTS
18.1.2 MISSION ANALYSIS
18.1.23 PAYLOAD ACCOMODATIONS
1B.1.4 CREATE FUNCTIONAL LAYOUT
18.1.5 FAILURE MODES ANALYSIS
1B.1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR
18.1.7 CREATE MECHANICAL LAYOUT
1B.1.8 SAFETY REVIEW

1.9

DESIGN OF COMPONENTS

.1B.1.10 SOFTWARE DEVELOPMENT

COMPONENT FABRICATION

.1B.2.1 PROCURE OFF-THE-SHELF COMPONENTS

.1B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
.1B.2.3 PROCURE MANUFACTURING EQUIPMENT

.1B.2.4 MANUFACTURE COMPONENTS

3.1B COMPONENT TEST
.1B.3.1 SET UP TEST FACILITIES
.1B.3.2 STRUCTURAL LOADS TESTS
.1B8.3.3 DATA PROCESSING AND SOFTWARE TESTS
.1B.3.4 ANTENNA AND ARRAY DEPLOYMENT TESTS
.1B.3.5 ELECTRICAL SYSTEMS TESTS
,1B.3.6 THERMAL AND VACUUM TESTS
.1B.3.7 THRUSTER TESTS
.1B.3.8 COMPONENT CERTIFICATION
3.18B SYSTEM INTEGRATION
3.18 SYSTEM TEST
.1B.5.1 POWER SUBSYSTEM TESTS
.1B8.5.2 THERMAL SUBSYSTEM TESTS
.1B.5.3 STRUCTURE SUBSYSTEM TESTS
.1B 5.4 INFORMATION PROCESSING SUBSYSTEM TESTS
.1B8.5.5 COMMUNICATIONS SUBSYSTEM TESTS
,1B.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS
.1B.5.7 PROPULSION SUBSYSTEM TESTS
.1B.5.8 INTEGRATED SYSTEMS TESTS
.18.5.9 FAILURE MODES SIMULATION
.,1B.5.10 SYSTEM CERTIFICATION

SHIPPING TO LAUNCH SITE

L1B.6.1 REMNVT TEST EQUIPMENT

.1B.6.2 PEY .M NECESSARY DISASSEMBLY

.1B8.6.3 PAU= NG

.1B.6.4 TRANSPORT TO LAUNCH SITE

3.1B.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD)
3.1B.7A.1 UNPACKING
3.1B.7A.2 PERFORM NECESSARY REASSEMBLY
3.18.7A.3 INTEGRATED SYSTEMS TESTS
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3.18.7A.3.1 VERIFY POWER SYSTEM FUNCTION T
3.1B.7A.3 2 VERIFY COMMAND SYSTEM FUNCTION
3.1B.7A,3.3 VERIFY MECHANICAL SYSTEM FUNCTION
3.1B.7A,3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
3.1B.7A.3.5 MISSION SEQUENCE SIMULATION

1B.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG.
3.18.7A.4.1 LOAD PAYLOAD INTO CONTAINER
3.1B.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
3.1B.7A.,4.3 ATTACH STRONGBACK TO PAYLOAD
3.1B.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE

.1B.7A.5 INTEGRATE TMS WITH PAYLOAD
.1B.7A.6 PERFORM INTERFACES CHECK

3.1B.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
3.1B.7A.6.2 CHECK ELECTRICAL INTERFACES

3.1B.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
3.1B.7A.,6.4 CHECK ELECTRICAL INTERFACES

.1B.7A,7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY

L1B.7A.7.1 ATTACH STRONGBACK TO PAYLOAD

.IB.7A.7.2 LOAD PAYLOAD INTO CANISTER

.4B.7A.7.3 REMOVE STRONGBACK

.1B.7A.7 .4 CLOSE CANISTER

.1B.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
.IB.7A.7.6 UNLOAD CANISTER

uuwuuu

.18, 7A 8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL)

.1B.7A.8.1 ATTACH STRONGBACK TO PAYLDAD

3.1B.7A.8.2 INSTALL PAYLOAD IN ORBITER
3.1B.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
3.1B.7A.8.4 CHECK ELECTRICAL INTERFACES
3.1B.7A.8.5 REMOVE STRONGBACK

3.1B.7A.8.6 CLOSE-OUT PAYLODAD BAY

3.1B.7A. 8'7 INSTALLATION OF ORBITER PAYLOAD STATION COMSOLES

78 PAYLDAD INTEGRATION AND CHECKOU™ (VERTICAL PAYLOAD)

a,

3.
3.

.1B.

.1B.

18.7B. 1 UNPACKING

1B.78.2 PERFORM NECESSARY REASSEMBLY

1B.7B.3 INTEGRATED SYSTEMS TESTS

.1B.78.8.1 VERIFY POWER SYSTEM FUNCTION
.1B.78.3.2 VERIFY COMMAND SYSTEM FUNCTION
.18.78.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
.1B,7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
.1B.7B.3.5 MISSION SEQUENCE SIMULATION

UUUUQ

.1B.7B 4 TRANSFER TO VERTICAL PROCESSING FACILITY

3.1B.78.4.1 LOAD PAYLOAD INTO CONTAINER
3.48.78.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY
2.1B.7B.4.3 UNLOAD CONTAINER

.1B.7B.5 INTEGRATE TMS WITH PAYLODAD
.1B.7B.6 PERFORM INTERFACES CHECK

3.1B.78B.6.1 CHECK TMS/PAYLOAD MECHANI. iL INTERFACES
3.1B.7B.6.2 CHECK ELECTRICAL INTERFACFS

3.1B.78.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
3 1B.78.,6.4 CHECK ELECTRICAL INTERFACES

.1B.7B.7 TRANSFER PAYLOAD TO LAUNCH PAD

.1B.78.7.1 LOAD PAYLOAD INTO CANISTER
.i1B.7B.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE
.1B.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
.1B.7B.7 .4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
.1B8.78.7.5 REMOVE CANISTER
B.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL)
MATE ROTATING SERVICE STRUCTURE TO ORBITER
EXTEND PAYLOAD INTO ORBITER USING PGHM
CONMECT ORBITER/PAYLOAD INTERFACES
CHECK ELECTRICAL INTERFACES
. CLOSE-OUT PAYLOAD BAY

.1B.78. INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
COUNTDOWN AND LAUNCH
ORBITAL DEPLOYMENT AND CHECKOUT
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.1B8.9.1 SHUTTLE ATTAINS DELIVERY ORBIT
.18.9.2 TESTS OF ATTACHED PAYLOAD

.18.9.2.1 POWER SUBSYSTEM CHECKOUT

.1B.9.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
.3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY

.18.9.3.1 DOPEN PAYLOAD BAY DOORS

.18.9.3.2 ACTIVATE RMS

WWOWwWw
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OF p L5 .1B.0.3.3 LOCATE GRASPING FIXTURE ON TARGET
0@!? QUALWV .1B.9.3. 4 MOVE RMS TO FIXTURE
.1B.0.3.5 GRASP FIXTURE
.1B.0.3.6 RELEASE PAYLOAD RESTRAINTS
.18.9.3 7 TRANSLATE PAYLOAD OUT OF PAYLDAD BAY
3.1B.9.4 SEPARATION OF PAYLOAD FROM ORBITER
.1B.9.4.1 RMS RELEASES PAYLOAD
.1B.9.4.2 SECURE RMS IN PAYLOAD BAY
3.18.0.5 OPERATIONAL CHECKOUT
18.9.5.1 ACTIVATE TMS SUBSYSTEMS
18.9 5 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
1B.9.5.3 POWER SUBSYSTE! CHECKOUT
18.9.5.4 THERMAL SUBSYSTEM CHECKOUT
.1B.9.5.5 STRUCTURAL SUBSYSTEM CHECKOUT
1B8.9.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT
18.9.5.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT
18.8.5.8 PROPULSION SUBSYSTEM CHECKOUT
.1B.9.,5.9 CONSUMABLES LEVELS CHECKOUT
3.1B.9.6 IDENTIFY DEFECTIVE COMPONENT
.18.9.6.1 DETERMINE ANOMALOUS DATA
1B.9.6.2 FORM HYPOTHESIS FOR PROBLEM
18.9.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS
18.9.6.4 PERFORM TEST FOR FAILURE HYPOTHESIS
1B.9.6.5 IDENTIFY FAULTY COMPONENT
3.18.9.7 IDENTIFY DEFECTIVE SOFTWARE
.1B.9.7.1 COMPARE MEASURED DATA TO MODEL
.8.7.2 FiTERMINE ANOMALOUS DATA
18.8.7.3 FURM HYPOTHESIS FOR PROBLEM
18.9.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.18.8.7.5 PERFORM TEST FOR FAILURE HYPOTHESIS
3.1B.9.8A COMPONENT FAILURE RECOVERY (REDUNDANCY)
18.8.8A.1 SWITCH OUT FAULTY { JMPONENT

[ o)

.8.8A.2 SWITCH IN REDUNDANT COMPONENT
.18.9.8A.3 MAKE DJAGNOSTIC CHECKS

.1B.98.8A .4 UPDATE SPACECRAFT MODEL

.88 COMPONENT FAILURE RECOVERY (ON-BODARD REPAIR)

w
-
o

18.9.88 1 DEFINE ACCESS SEQUENCE
1B.9.8B.2 LOCATE ACCESS PANEL
18.9.88.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
18.9.8B.4 OPEN ACCESS PANEL
18.9.8B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
18.9.8B.6 REMOVE COMPONENT
18.9.88.7 STORE COMPONENT

.88.8 LOCATE NEW COMPONENT

8

.8B8.9 POSITION AND CONNECT NEW COMPONENT

.8B.10 ADJUST COMPONENT

8B.11 MAKE DIAGNOSTIC CHECKS

.8B.12 CLOSE ACCESS PANEL

BB.13 STOW REPAIR EQUIPMENT

.1B.9.8B.14 UPDATE SPACECRAFT MODEL

.9 SOFTWARE FAILURE RECOVERY

.1B.9.9.1 DETERMINE CORRECTION ALGORITHM

.18.9.9.2 DATA/COMMAND ENCODING

.1B.9.9.3 DATA/COMMAND TRANSMISSION

.1B.9.9.4 COMPUTER FUNCTION CHECKS

.10 ORBITAL TRANSFER
The TMS orbital transfer here i1s from the Orbiter to the vincinity of the

spacecraft to be retrieved.
1 INITIALIZE GUIDANCE SYSTEM
2 DETERMINE CURRENT ORBITAL PARAMETERS
3 DETERMINE DESIRED ORBITAL PARAMETERS

.10.4 CHOOSE OPTIMAL TRAJECTORY
5]
6
7

-
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DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
. ROTATE SPACECRAFT
.18.9.10.8 FIRE THRUSTERS
3.18.10 STATUS MONITORING AND RESOURCE ALLOCATION
3.18.10.1 TEMPERATURE MANAGEMENT
3.1B.10.1.1 MEASURE COMPONENT TEMPERATURES
3.1B.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS
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3.18.

3.1B.
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3.18.10.1.53 ADUUST COOLING/HEATING SYSTEMS

.10.2 POWER MANAGEMENT

3.18.10.2.1 MEASURE CURRENTS AND VOLTAGES
3.18.10.2.2 COMPARE CURRFNTS AND VOLTAGES TO REQUIRED LIMITS
3.1B.10,2.3 ADJUST CURRENTS AND VOLTAGES
3.1B.10.2.4 MONITOR BATTERIES

10.3 DATA/COMMAND PROCESSING

3.18.10.3.1 SHORT=-TERM MEMORY STORAGE
3.18.10.3.2 LONG-TERM MEMORY CTORAGE
3.18.10.3.3 DATA/COMMAND ENCODING
3.1B8.10.3.4 DATA/COMMAND DECODING
3.1B.10.3.5 NUMERICAL COMPUTATION
3.18,10.3.6 LOGIC OPERATIONS

3.18.10.3.7 COMPUTER LOAD SCHEDULING
3.1B.10,3.8 COMPUTER FUNCTION CHECKS

.10.4 CONSUMABLES MANAGEMENT

3.18.1C.4.1 MONITOR PROPELLANT SUPPLIES
3.18,10.4.2 PROJECT CONSUMABLES REOQUIREMENTS FR.¥ MISSION PROFILE
3.18.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

.10.5 STRUCTURAL MANAGEMENT

3.1B.10.5.1 MEASURE STRAINS IN STRUCTURE

3.18.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS

3,.1B.10.5.3 COMPARE "TRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
3.1B.10.5.4 APPLY CO!"PENSATING FORCES

3.18.10.5.5 APPLY VIBRATION DAMPING

.10.6 HAZARD AVOIDRANCE

3.1B.10.6.1 AVOID TANK UVERPRESSURES

3.1B.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS

3.1B.10.6.3 MAINTAIN COMMUNICATION LINKS

3.1B.10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
3.1B8.10.6.5 TRACK NEARBY OBJECTS

3.1B.10.6.6 AVOID CONFLICTING OBJECTS

.10.7 OPTIMAL SEQUENCING

.18.,10.
. 1B.10.
.18.10.
.1B.10.

UPDATE SPACECRAFT MODEL

PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS

PROJVECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
. 1B.10. DETERMINE CONSTRAINTS AND FIGURES OF MERIT
.18.10. COMPUTE OPTIMAL SEQUENCING

0.8 IDENTIFV DEFECTIVE COMPONENT

.18.10.8.1 DETERMINE ANOMALOUS DATA

.10.8.2 FORM HYPDTHESIS FOR PROBLEM

.18.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS

.18.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS

.1B.10.8.5 IDENTIFY FAULTY COMFONENT

0.9 IDENTIFY DEFECTIVE SOFTWARE

.1B.10.9.1 COMPARE MEASURED DATA TC MODEL

.1B8.10.9.2 DETERMINE ANOMALOUS DATA

.1B.10.9.3 FCRM HYPDTHESIS FOR PROBLEM

.1B.10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS

,1B.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS

\l\!\l\l\!\!
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.10 10A COMPONENT FAILURE RECOVERY (REDUNDANCY)

3.18.10,10A. 1 SWITCH OUT FAULTY COMPONENT
3.18.10.10A.2 SWITCH IN REDUNDANT COMPONENT
3.18.10.10A.3 MAKE DIAGNCSTIC CHECKS
3.18.10.10A.4 UPDATE SPACECRAFT MODEL

.10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)

.1B.10.108B.
.18.10.108B.
.1B.10.108B.
.18.10.108B.
.18.10.108.
.1B.10.108B
18.10.108B.

DEFINE ACCESS SEQUENCE

LOCATE ACCESS PANEL

TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OPEN ACCESS PANEL

OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT

STORE COMPONENT

.1B8.10.108.8 LOCATE NEW COMPONENT

.18.10.10B.8 POSITION AND CONNECT NEW COMPONENT
.18.10.10B. 10 ADJUST COMPONENT

.1B8.10.10B. 11 MAKE DIAGNOSTIC CHECKS
.1B.10.10B. 12 CLOSE ACCESS PANEL

.18.10.10B. 13 STOW REPAIR EQUIPMENT

.1B8.10.10B. 14 UPDATE SPACECRAFT MODEL

10 19 SOFTWARE FAILURE RECOVERY
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' L 3.1B.10.11.1 DETERMINE CORRECTION ALGORITHM
OF PLON Gy 3.1B.10.11.2 DATA/COMMAND ENCODING
3.1B.10.11.3 DATA/COMMAND TRANSMISSION
3.1B.10.11.4 COMPUTER FUNCTION CHECKS
2.1B.10.12 REPORT SYSTEM STATUS
3.18.10.12.1 DATA/COMMAND ENCODING
3.1B8.10.12.2 DATA/COMMAND TRANSMISSION
3.1B.10.12.3 DATA/COMMAND DECODING
3.1B.10.12.4 DATA/COMMAMD DISPLAY
3.1B.11 DOCK WITH SPACECRATT
3.1B.114.1 ADdUST ORBIT

3 1B.11.1.1 INITIALIZE GUIDANCE SYSTEM

iB.11. 1 2 DETERMINE CURRENT ORBITAL PARAMETE™S
3.18 11.1.3 CETERMINE DESIRED ORBITAL PARAMETERS
3.1B.11.1.4 CHOOSE OPTIMAL TRAJECTORY
3.18.11.1.5 FIRE THRUSTERS

3.1B.11.,2 ADJUST ATTITUDE

3.18.11.2.1 DETERMaNE CURRENT ATTITUDE
3.1B.11.2.2 DETERMINE DESIRED ATTITUDE

3.1B.11.2,3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
3.1B.11.2.4 CHOOSE OPTIMAL TRAJECTORY
3.1B.11.2.5 ROTATE SPACECRAFT

3.18.11.3 OPTIMAL CONTROL ALLOCATION

3.1B.11.3.1 UPDATE SPACECRAFT MODEL
3.1B.11.3,2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
3.1B.11.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
3.18.11.3.4 PROJVECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
3.1B.11.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
3.1B.11.3.6 CHOOSE OPTIMAL CONTROL MODE
3.1B.11.3.7 COMPUTE CONTROL COMMANDS
3.1B.11.3.6 EXECUTE CONTROL COMMANDS

3.1B.11.4 DOCK TMS TO SPACECRAFT
3.1B.11.4 ¢ LOCATE DOCKING TARGET

3.1B.11.4.. EXTEND DOCKING MECHANISM
3.1B8.11.4.3 FASTEN DOCKING LATCH
3.18.12 DIAGNOSTIC CHECK (OF SPACECRAFT)
3.1B.12.1 IDENTIFY DEFECTIVE COMPONENT
3.1B8.12.1.1 DETERMINE ANOMALOUS DATA
3.1B.12.1.2 FORM HYPOTHESIS FOR PROBLEM
3.1B.12.1.3 DEVISE TEST FOR FAILURE HYPOTHESIS
3.1B.12.1.4 PERFORM TEST FOR FAILURE HYPOTHESIS
3.18.12.1.5 IDENTIFY FAULTY COMPONENT
3.18.12.2 IDENTIFY DEFECTIVE SOFTWARE
3.18.12.2.1 COMPARE MEASURED DATA TO MODEL
3.1B.12.2.2 DETERMINE ANOMALODUS DATA
3.18.12.2.3 FORM HYPDTHESIS FOR PROBLEM
3.1B.12.2.4 DEVISE TEST FOR FAILURE HYPOTHESIS
3.1B.12.2.5 PERFORM TEST FOR FAILURE HYPOTHESIS
3.18.13 RENDEZVOUS WITH ORTITER
3.1B8.13.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT)

3.1B.13.1.1 INITIALIZF GUIDANCE SYSTEM
3.18.13.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
3.1B.13.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
3.18.13.1.4 CHOOSE OPTIMAL TRAJUECTORY
3.1B.13.1.5 DETERMINE CURRENT ATTITUDE
3.1B8.13.1.6 DETERMINE DESIRED ATTITUDE
3.1B.13.1.7 ROTATE SPACECRAFT

3.1B.13.1.8 FIRE THRUSTERS

3,1B.13.2 SHUTDOWN TMS FOR RETRIEVAL
3.4B.13.2.1 STOW TMS ANTENNA
3.18.13.2.2 DEACTIVATE TMS SUBSYSTEMS
3.1B.14 RETRIEVAL BY ORBITER (OF TMS/SATEI.LITE)
3.1B.14.1 ADJUST ORBIT (OF ORBITER)
3.1B.14.1.1 INITIALIZE GUIDANCE SYSTEM
3.1B.14.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
3.1B.14.1.3 DETERMINE DESIRED ORWBITAL PARAMETERS
3.18.14.1.4 CHOOSE OPTIMAL TRAJECTORY
3.1B.14.1.5 FIRE THRUSTERS
3.1B.14.2 ADJUST ATTITUDE (OF ORBITER)
3.1B.14.2.1 DETERMINE CURRENT ATTITUDE
3.1B.14.2.2 DETERMINE DESIRED ATTITUDE
3.1B.14.2.3 DETERMINE NEW CONFIGURATION fOR SPACECRAFT COMPONENTS
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3.wu,14,2.4
3.1B.14.,2.5

3.18.14.3.1
3.18,14.3.2
3.18,14.3.3
3.18.14.,3.4
3.18.14.3.5
3.1B8,.14.3.6
3.1B.14.3.7
3.18,14.3.8

3.18.14.4.1
3.18,14.4.2
3,18.14.4.3
3.18.14.4.4
3.1B.14.,4.5
3.1B.14.4.6
3.1B.14.4.7
3.1B.14.4.8
3.18.14.4.8

CHOOSE OPTIMAL TRAJECTORY
ROTATE SPACECRAFT

.14.3 OPTIMAL CONTROL ALLOCATION

UPDATE SPACECRAFT MODEL

PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS

PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT

CHCQSE OPTIMAL CONTROL MODE

COMPUTE CONTROL COMMANDS

EXECUTE CONTROL COMMANDS

.14.4 ORBITER RECOVERY OF TMS

ACTIVATE RMS

LOCATE GRASPING FIXTURE ON TARGET
MOVE RMS TO FIXTURE

GRASP FIXTURE

LOCATE CRADLE IN PAYLOAD BAY
TRANSLATE PAYLOAD TO CRADLE
FASTEN ™AYLOAD RESTRAINTS

RMS RE ASES PAYLDAD

SECURE RMS IN PAYLDAD BAY

15 REENTRY AND LANDING

3.1B.16 POST-FLIGHT OPERATIONS
3.1B8.16.1 SAFING OF ORBITER AND HAZARDOUS PAYLODADS
3.18.16.2 REMOVAL OF PAYLOADS FROM ORBITER

3.2 SERVICING, MAINTA!NANCE AND REPAIR

This mission uses the TMS t0 service a spacecraft on-orbit.
may be carried by the TMS for this mission.
transfers to the spacecraft,

Orbiter,
then returns to the

Orbiter.
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A repair kit
The TMS is deployed from the
docks and repairs the spacecraft, and
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3.2.1 DESI
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3.2.6 Sl

3.2.

2.1,
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ONENT TEST

THRUSTER

TEST

ATTITUDE
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DEFINE REQUIRLCMENTS

MISSION ANALYSIS

PAYLOAD ACCOMODATIONS

CREATE FUNCTIONAL LAYOUT

FAILURE MODES ANALYSIS

ADJUST DESIGN FOR MAINTAINANCE AND REPAIR
CREATE MECHANICAL LAYOUT

SAFETY REVIEW

DESIGN OF COMPONENTS

.10 SOFTWARE DEVELOPMENT

"OMPONENT FABRICATION

.1 PROCURE OFF-THE-SHELF COMPONENTS

.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
.3 PROCURE MANUFACTURING EQUIPMENT

.4 MANUFACTURE COMPONENTS

SET UP TEST FACILITIES
STRUCTURAL LOADS TESTS
DATA PROCESSING AND SOFTWARE TESTS
ANTENNA AND ARRAY DEPLOYMENT TESTS
ELECTRICAL
THERMAL AND VACUUM TESTS

SYSTEMS TESTS

TESTS

COMPONENT CERTIFICATION
INTEGRATION

POWER SUBSYSTEM TESTS

THERMAL SUBSYSTEM TESTS

STRUCTURE SUBSYSTEM TESTS

INFORMATION PROCESSING SUBSYSTEM TESTS
COMMUNICATIONS SUBSYSTEM TESTS

CONTROL SUBSYSTEM TESTS

PROPULSION SUBSYSTEM TESTS
INTEGRATED SYSTEMS TESTS
FAILURE MODES SIMULATION
.10 SYSTEM CERTIFICATION

PING TO LAUNCH SITE

.1 REMOVE TEST EQUIPMENT
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.2 PERFURM NECESSARY DISASSEMBLY
.3 PACKING
.4 TRANSFPORT TO LAUNCH SITE
OAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD)
.1 UNPACKING
.2 PERFORM NECESSARY REASSEMBLY
.3 INTEGRATED SYSTEMS TESTS
.,2.7A.3.1 VERIFY POWER SYSTEM FUNCTION
.2.7TA.3.2 VERIFY COMMAND SYSTEM FUNCTION
.2.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
.2.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
2.7A.3.5 MISSICN SEQUENCE SIMULATION
.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG.
L2.7A.4.1 LOAD PAYLDAD INTO CONTAINER
.2.7TA.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG,
L2.7A.4.3 ATTACH STRONGBACK TO PAYLOAD
L2.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE
.5 INTEGRATE TMS WITH PAYLOAD

>mwwu>mwwmw>>>r‘

For this mission the payload will be a servicing kit.
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3.2.7A PERFORM INTERFACES CHECK
3.2.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
3.2.7A.6.2 CHECK ELECTRICAL INTERFACES
3.2.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
3.2.7A.6.4 CHECK ELECTRICAL INTERFACES

2.2.7A TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY

ATTACH STRONGBACK TO PAYLDAD
LOAD PAYLDAD INTO CANISTER
REMOVE STRONGBACK
CLOSE CANISTER
TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
UNLOAD CANISTER
TER/PAYLOAD INTECRATION (HORIZONTAL)
ATTACH STRONGBACK TD PAYLOAD
INSTALL PAYLOAD IN ORBITER
CONNECT ORBITER/PAYLDAD INTERFACES
CHECK ELECTRICAL INTERFACES
REMOVE STRONGBACK
CLOSE-QUT PAYLOAD BAY
INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
3.2.78 PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLDAD)
3.2.7B.1 UNPACKING
3.2.78.2 PERFORM NECESSARY REASSEMBLY
3.2.7B.3 INTEGRATED SYSTEMS TESTS
.7B.3.1 VERIFY POWER SYSTEM FUNCTION
.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION
.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
.78.3.5 MISSION SEQUENCE SIMULATION
TRANSFER TO VERTICAL PROCESSING FACILITY
.7B.4.1 LDAD PAYLOAD INTO CONTAINER
.78B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY
.7B.4 .3 UNLOAD CONTAINER
INTEGRATE TMS WITH PAYLODAD
PERFORM INTERFACES CHECK
.7B.6.1 CHECK TMS/PAYLDAD MECHANICAL INTERFACES
,7B 6.2 CHECK ELECTRICAL INTERFACES
.78.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
.7B.6.4 CHECK ELECTRICAL INTERFACES
TRANSFER PAYLOAD TO LAUNCH PAD
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.78.7.1 LOAD PAYLOAD INTO CANISTCR
78.7.2 TRANSPORT TO RODTATING SERVICE STRUCTURE
78.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
78.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
78.7.5 REMOVE CANISTER

3.2.7 ORBITER/PAYLOAD INTEGRATION (VERTICAL)
78.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER
7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM
7B8.8.2 CONNECT ORBITER/PAYLOAD INTERFACES
7B.8.4 CHECK ELECTRICAL INTERFACES
78.8.5 CLCSE-DUT PAYLOAD BAY
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3.2.

78.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES

3.2.8 COUNTDOWN AND LAUNCH
3.2.9 ORBITAL DEPLOYMENT AND CHECKOUT
3.2, 9 1 SHUTTLE ATTAINS DELIVERY ORBIT

3.2.

3.2.

3.2.

3.2.

2
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TESTS OF ATTACHED PAYLOAD

9 2.1 POWER SUBSYSTEM CHECKOUT

.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
EX TENSION OF PAYLOAD FROM PAYLOAD BAY

.8.3.1 OPEN PAYLOAD BAY DOORS

ACTIVATE RMS

LOCATE GRASPING FIXTURE ON TARGET
MOVE RMS TO FIXTURE

GRASP FIXTURE

RELEASE PAYLOAD RESTRAINTS

TRANSLATE PAYLOAD OUT OF PAYLOAD BAY
RATION OF PAYLOAD FROM ORBITER

.1 RMS RELEASES PAYLOAD

.2 SECURE RMS IN PAYLOAD BAY

ATIONAL CHECKOUT

1 ACTIVATE TMS SUBSYSTEMS

2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
3 POWER SUBSYSTEM CHECKOUT

4 THERMAL SUBSYSTEM CHECKOUT

.5 STRUCTURAL SUBSYSTEM CHECKOUT

.6 COMMUNICATIONS SUBSYST{M CHECKOUT

7

8

9

1
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ATTITUDE CONTROL SUBSYSTEM CHECKOUT
PROPULSION SUBSYSTEM CHECKODUT
CONSUMABLES LEVELS CHECKOUT

FY DEFECTIVE COMPONENT

1 DETERMINE ANOMALOUS DATA

.6.2 FORM HYPOTHESIS FOR PROBLEM

.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS

.6.4 PERFORM TEST FOR FAILURE HYPOTHESIS

.6.5 IDENTIFY FAULTY COMPONENT

T
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3.2.9. 7 IDENTIFY DEFECTIVE SOFTWARE

3.2.

3.2.
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.7.1 COMPARE MEASUREC DATA TO MODEL
.7.2 DETERMINE ANOMALOUS DATA
.7.3 FORM HYPDTHESIS FOR PROBLEM
.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.7.5 PERFORM TEST FOR FAILURE HYPOTHESIS
OMPONENT FAILURE RECOVERY (REDUNDANCY)
.8.8A.1 SWITCH OUT FAULTY COMPONENT
.9.8A.2 SWITCH IN REDUNDANT COMPONENT
.8.8A.3 MAKE DIAGNOSTIC CHECKS
.9.8A.4 UPDATE SPACECRAFT MODEL
COMPONENT FAILURE RECOVERY (ON-BDARD REPAIR)
.BB.1 DEFINE ACCESS SEQUENCE
2 LOCATE ACCESS PANEL
3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
4 OPEN ACCESS PANEL
.8B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
&
7
8
8

nmmmmm

REMOVE COMPONENT

STORE COMPONENT

LOCATE NEW COMPONENT

POSITION AND CONNECT NEW COMPONENT
.8B.10 ADJUST COMPONENT

.8B.11 MAKE DIAGNOSTIC CHECKS

.8B.12 CLOSE ACCESS PANEL

.8B.13 STOW REPAIR EQUIPMENT

.8B.14 UPDATE SPACECRAFT MODEL
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3.2.9. 9 SOFTWARE FAILURE RECOVERY

3.2.
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.9.9.1 DETERMINE CORRECTIUN ALGORITHM
.9.8.2 DATA/COMMAND ENCODING
.9.9.3 DATA/COMMAND TRANSMISSION
.9.9.4 COMPUTER FUNCTION CHECKS
ORBITAL TRANSFER
.10.1 INITIALIZE GUIDANCE SYSTEM
2 DETERMINE CURRENT ORBITAL PARAMITERS
.3 DETERMINE DESIRED ORBITAL PARAMETERS
.10.4 CHOOSE OPTIMAL TRAJECTORY
5 DETERMINE CURRENT ATTITUDE
6 DETERMINE DESIRED ATTITUDE
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3.2.9.10.7 ROTATE SPACECRAFT
3.2.9.10.8 FIRE THRUSTERS
3.2.10 STATUS

10.
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MONITORING AND RESOURCE ALLOCATION
TEMPERATURE MANAGEMENT

.10.1.1 MEASURE COMPONENT TEMPERATURES
.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS
.10.1.3 ADJUUST COOLING/HEATING SYSTEMS

POWER MANAGEMENT

.10.2 1 MEASURE CURRENTS AND VOLTAGES

.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
.10.2.3 ADJUST CURRENTS AND VOLTAGES

.10.2.4 MONITOR BATTERIES

DATA/COMMAND PROCESSING

.10.3. 1 SHORT-TERM MEMORY STORAGE
.10.3.2 LONG-TERM MEMORY STORAGE
.10.3.3 DATA/COMMAND ENCODING
.10.3.4 DATA/COMMAND DECODING
.10.3.5 NUMERICAL COMPUTATION
.10.3.6 LOGIC OPERATIONS

.10.3.7 COMPUTER LOAD SCHEDULING
.10.3.8 COMPUTER FUNCTION CHECKS

CONSUMABLES MANAGEMENT

.10.4.1 MONITOR PROPELLANT SUPPLIES
.10.4 .2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

STRUCTURAL MANAGEMENT

.10.5.1 MEASURE STRAINS IN STRUCTURE

.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS

.10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
.10.5.4 APPLY COMPENSATING FORCES

.10.5.5 APPLY VIBRATION DAMPING

HAZARD AVOIDANCE

.10.6.1 AVOID TANK OVERPRESSURES

.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS

.10.6.3 MAINTAIN COMMUNICATION LINKS

.10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
.10.6.5 TRACK NEARBY OBJECTS

.10.6.6 AVOID CONFLICTING OBJECTS

DPTIMAL SEOQUENCING

.10.7.1 UPDATE SPACECRAFT MODEL

.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

.10.7 .4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT

.10.7.6 COMPUTE OPTIMAL SEQUENCING

IDENTIFY DEFECTIVE CUOMPONENT

.10.8.1 DETERMINE ANDMALOUS DATA

.10.8.2 FORM HYPOTHESIS FOR PROBLEM

.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS
.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS
.10.8.5 IDENTIFY FAULTY COMPONENT

IDENTIFY DEFECTIVE SOFTWARE

.10.9.1 COMPARE MEASURED DATA TO MODEL
.10.9.2 DETERMINE AMOMALOUS DATA

.10.9.3 FORM HYPOTHESIS FOR PROBLEM

.10.8.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS
. 10A COMPONENT FAILURE RECOVERY (REDUNDANCY)
.2,
.2
.2.

10.10A. 1 SWITCH OUT FAULTY COMPONENT
10.104.2 SWITCH IN RECUNDANT COMPONENT
10. 10A .3 MAKE DIAGNOSTIC CHECKS

2.10.10A .4 UPDATE SPACECRAFT MODEL

. 108 COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)

.10 10B.1 DEFINE ACCESS SEQUENCE

.10.10B.2 LOCATE ACCESS PANEL

.10.10B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
.10.108.4 OPEN ACCESS PANEL

.10.408B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
.10.108 .6 REMOVE COMPONENT

.10.10B .7 STORE COMPONENT

.10.108 .8 LDCATE NEW COMPONENT

.10.10B.9 POSITION AND CONNECT NEW COMPONENT
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3.2.10
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10B.
108.
108.
0.108B.
.10.108B.
1 SOFTWA
2.10.11.1
.2.10.11.2
.2.10.11.3
.2.10.11.4
.12 REPORT
.2.10.12 .1
.2.10.12.2
.2.10.12.3
.2.10.12.4

A
1
2.1
2.1
2.1

2
2
2
2
?
1
2
2

ADJUUST COMPONENT

MAKE DIAGNCSTIC CHECKS
CLOSE ACCESS PANEL

STOW REPAIR EQUIPMENT
UPDATE SPACECRAFT MODEL
RE FAILURE RECOVERY
DETERMINE CORRECTION ALGORITHM
DATA/COMMAND ENCODING
DATA/COMMAND TRANSMISSION
COMPUTER FUNCTION CHECKS
SYSTEM STATUS
DATA/COMMAND ENCODING
DATA/COMMAND TRANSMISSION
DATA/COMMAND DECODING
DATA/COMMAND DISPLAY

3.2.11 DOCK WITH SPACECRAFT

3.2.11.

ADJUST
110100

-
[N

ORBIT
INITIALIZE GUIDANCE SYSTEM
DETERMINE CURRENT ORBITAL PARAMETERS

DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY
FIRE THRUSTERS
ATTITUDE
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
CHOOSE OPTIMAL TRAJECTORY
ROTATE SPACECRAFT
L CONTROL ALLOCATION
UPDATE SPACECRAFT MODEL
PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS
PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT
CHOOSE OPTIMAL CONTROL MODE
COMPUTE CCNTROL COMMANDS
EXECUTE CONTROL COMMANDS
TMS TO SPACECRAFT
.1 LOCATE DOCKING TARGET
. .2 EXTEND DOCKING MECHANISM
3.2.11.4.3 FASTEN DOCKING LATCH
“,2.12 DIAGNOSTIC CHECK (OF SPACECRAFT)

Trts 3gxguance might be done by the
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IDENTIFY DEFECTIVE COMPONENT
.12.1.1 DETERMINE ANOMALOUS DATA
.12.1.2 FORM HYPOTHESIS FOR PROBLEM
,42.1.3 DEVISE TEST FOR FAILURE HYPOTHECSIS
.12.1.4 PERFORM TEST FOR FAILURE HYPOTHESIS
.12.1.5 IDENTIFY FAULTY COMPONENT
IDENTIFY DEFECTIVE SOFTWARE
.12.2.1 COMPARE MEASURED DATA TO MODEL
.12.2.2 DETERMINE ANOMALOUS DATA
.12.2.3 FORM HYPOTHESIS FOR PROBLEM
.12.2.4 DEVISE TEST FOR FAILURE HYPOTHESIS
,12.2.5 PERFORM TEST FOR FAILURE HYPOTHESIS
3.2.13 COMPONENT/SOFTWARE REPLACEMENT
3.2.13.1 COMPONENT REPLACEMENT
This activity would also include non-repair module replacement activity
such as experiment changeout and data cartridge replacement.

3.2.1
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3.2.13.1.1 DEFINE ACCESS SEQUENCE

3.2.13.1.2 LOCATE ACCESS PANEL

3.2.13.1.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
3.2.13.1.4 OPEN ACCESS PANEL

3.2.13.1.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
3.2.13.1.6 REMOVE COMPONENT

3.2.13.1.7 STORE COMPONENT

3.2.13.1.8 LOCATE NEW COMPONENT

3.2.13.1.9 POSITION AND CONNECT NEW COMPONENT
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.13.,1.10 ADJUST COMPONENT
.13.1.11 MAKE DIAGNOSTIC CHECKS
.13.1.12 CLOCE ACCESS PANEL
.13.1.13 STOW REPAIR EQUIPMENT
.13.1.14 UPDATE SPACECRAFT MODEL
SOFTWARE REPLACEMENT
.13.2.1 DATA/COMMAND ENCODING
.13.2.2 DATA/COMMAND TRANSMISSION
.13.2.3 COMPUTER FUNCTION CHECKS
3.2.14 RESL? PLY CONSUMABLES
3.2.14.1A FLUID REPLACEMENT (UMBILICAL)
3.2,14,1A.1 LOCATE ACCESS PANEL
3.2.14,1A.2 OPEN ACCESS PANEL
3.2.14,.1A.3 CLOSE INTERNAL VALVES
3.2.14,.1A,4 EXTEND AND ATTACH UMBILICAL
.2,14 . 1A.5 OPEN SUPPLY VALVE
.14 .1A.6 MONITOR FLUID TRANSFER
.14,1A.7 CLOSE SUPPLY VALVE
.14.1A.8 DETACH AND RETRACT UMBILICAL
.14.1A.9 OPEN INTERNAL VALVES
.14.1A. 10 CHECK FOR LEAKS
.14,1A. 11 CLOSE ACCESS PANEL
B FLUID REPLACEMENT (TANK REPLACEMENT)
.1 LOCATE ACCESS PANEL
> TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OPEN ACCESS PANEL
CLOSE INTERNAL VALVES
LOCATE OLD TANK
DISCONNECT OLD TANK
REMOVE OLD TANK
STORE OLD TANK
.9 LOCATE NEW TANK
.14.1B. 10 INSTALL NEW TANK
.14, 1B. 11 CONNECT NEW TANK
.14, 1B. 12 OPEN INTERNAL VALVES
.14.1B.13 CHECK FOR LEAKS
.14.,1B.14 CLOSE ACCESS PANEL
.14 .1B. 15 STOW REPAIR EQUIPMENT
3.2.15 NON- ROUTINE MAINTAINCE AND REPAIR
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This is repair activity not foreseen during mission planning.
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3.2.16 REDEPLOY SPACECRAFT
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3.2.16.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT)
3. 2.16.1.1 INITIALIZE GUIDANCE SYSTEM
3.2.16.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
3.2.16.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
3.2.16.1.4 CHOOSE OPTIMAL TRAJECTORY
3.2.16.1.5 DETERMINE CURRENT ATTITUDE
3.2,16.1.6 DETERMINE DESIRED ATTITUDE
3.2.16.1.7 ROTATE SPACECRAFT
3.2.16.1.8 FIRE THRUSTERS

3.2.16.2 UNDOCK TMS FROM PAYLDAD
3.2.16.2.1 RELEASE DOCKING LATCH
3.2.16.2.2 RETRACT DOCKING MECHANISM
3.2.16.2.3 MOVE AWAY FROM PAYLOAD

3.2.16.3 OPERATIONAL CTHECKOUT AND ATTITUDE ADJUSTMENT OF SPACECRAFT

3.2.17 RENDEZVOUS WITH ORBITER
3.2.17.1 ORBITAL TRANSFER (OF TMS)
2.17.1.1 INITIALIZE GUIDANCE SYSTEM
DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL FARAMETERS
CHOOSE OPTIMAL TRAJUECTORY
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
ROTATE SPACECRAFT
.17.1.8 FIRE THRUSTERS
SHUTDOWN TMS FOR RETRIEVAL
3.2.17.2.1 STOW TMS ANTENNA
3.2.17.2.2 DEACTIVATE TMS SUBSYSTEMS
3.2.18 RETRIEVAL BY ORBITER
3.2.18.1 ADJUST ORBIT (OF ORBITER)
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.2.18.1.1 INITIALIZE GUIDANCE SYSTEM
.18.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
.18.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
.18.1.4 CHOOSE OPTIMAL TRaJECTORY
.48.1.5 FIRE THRUSTERS
3.2.18.2 ADJUUST ATTITUDE (OF ORBITER)
.2.18.2.1 DETERMINE CURRENT ATTITUDE
.2.18.2.2 DETERMINE DESIRED ATTITUDE
.2.18.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
.2.18.2.4 CHODSE OPTIMAL TRAJECTORY

.18.2.5 ROTATE SPACECRAFT
OPTIMAL CONTROL ALLOCATION
.18.3.1 UPDATE SPACECRAFT MODEL
.18.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
.18.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
.18.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
5
6
7

w
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.18.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
.18.3.6 CHOOSE OPTIMAL CONTROL MODE

.18.3.7 COMPUTE CONTROL COMMANDS

.18.3.8 EXECUTE CONTROL COMMANDS

ORBITER RECOVERY OF TMS
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.18.4.1 ACTIVATE RMS
.18.4.2 LOCATE GRASPING FIXTURE ON TARGET
.18.4.3 MOVE RMS TO FIXTURE
18.4.4 GRASP FIXTURE
18.4.5 LOCATE CRADLE IN PAYLOAD BAY
18.4.6 TRANSLATE PAYLOAD TO CRADLE
.18.4.7 FASTEN PAYLOAD RESTRAINTS
.2.18.4.8 RMS RELEASES PAYLODAD
3.2.18.4.9 SECURE RMS IN PAYLDAD BAY

3.2.19 REENTRY AND LANDING

3.2.20 POST-FLIGHT OPERATIONS
3.2.20.1 SAFING OF ORBITER AND HAZARDOUS PAYLODADS
3.2.20.2 REMOVAL OF PAYLOADS FROM ORBITER

3.3 OPERATIONS SUPPORT
The TMS can be used as a remote platform for operztions support. This
might include remote lighting or viewing of a worksite, remote sensing for
an experiment, measuring thruster plumes, and observing hazardous activities
such as OTV engine firings.
3.3.1 DESIGN

DEFINE REQUIREMENTS
MISSION ANALYSIS
PAYLOAD ACCOMODATIONS
CREATE FUNCTIOMAL LAYDUT
FAILURE MODES ANALYSIS
ADJUST DESIGN FOR MAINTAINANCE AND REPAIR
CREATE MECHANICAL LAYOUT
SAFETY REVIEW
DESIGN OF COMPONENTS
.10 SOFTWARE DEVELOPMENT
ONENT FABRICATION
.1 PROCURE OFF-THE-SHELF COMPONENTS
.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
.3 PROCURE MANUFACTURING EQUIPMENT
.4 MANUFACTURE COMPONENTS
ONENT TEST
SET UP TESY FACILITIES
STRUCTURAL LDADS TESTS
DATA PROCESSING AND SOFTWARE TESTS
ANTENNA AND ARRAY DEPLOYMENT TESTS
ELECTRICAL SYSTEMS TESTS
THERMAL AND VACUUM TESTS
THRUSTER TESTS
COMPONENT CERTIFICATION
INTEGRATION
TEST
POWER SUBSYSTEM TESTS
THERMAL SUBSYSTEM TESTS
STRUCTURE SUBSYSTEM TESTS
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INFORMATION PROCESSING SUBSYSTEM TESTS
COMMUNICATIONS SURSYSTEM TESTS
ATTITUDE CONTROL SUBSYSTEM TESTS
PROPULSION SUBSYSTEM TESTS
INTEGRATED SYSTEMS TESTS
FAILURE MQDES SIMULATION
O SYSTEM CERTIFICATION
NG TO LAUNCH SITE
REMOVE TEST EQUIPMENT
PERFORM NECESSARY DISASSEMBLY
PACKING
TRANSPORT TO LAUNCH SITE
AD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLDAD)
1 UNPACKING
2 PERFORM NECESSARY REASSEMBLY
3 INTEGRATED SYSTEMS TESTS
3.74.3.1 VERIFY POWER SYSTEM FUNCTION
3.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION
3.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
.3.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
3
4
3
3
3
3
5
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.7A.3.5 MISSION SEQUENCE SIMULATION

TRANSFER TO OPERATIONS AND CHECKOUT BLDG.

.7A.4.1 LOAD PAYLOAD INTO CONTAINER

.7TA.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
.7A.4.3 ATTACH STRONGBACK TO PAYLOAD

.7h.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE
INTEGRATE TMS WITH PAYLOAD
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For this mission the payload might include scientific instruments.

% ORM INTERFACES CHECK
Jew 8.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
7h,86.2 CHECK ELECTRICAL INTERFACES
.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
.7A.6.4 CHECK ELECTRICAL INTERFACES

TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY
.TA.7.1 ATTACH STRONGBACK TO PAYLOAD

LOAD PAYLOAD INTO CANISTER

REMOVE STRONGBACK

CLOSE CANISTER

TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
UNLOAD CANISTER
TER/PAYLOAD INTEGRATION (HORIZONTAL)

ATTACH STRONGBACK TO PAYLOAD

INSTALL PAYLOAD IN ORBITER

CONNECT ORBITER/PAYLOAD INTERFACES

CHECK ELECTRICAL INTERFACES

REMOVE STRONGBACK

CLOSE-OUT PAYLOAD BAY
.T7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
3.3.78 PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD)
UNPACKING

PERFORM NECESSARY REASSEMBLY

INTEGRATED SYSTEMS TESTS
.78.3.1 VERIFY POWER SYSTEM FUNCTION
.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION
.78.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
.78.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
.7B.3.5 MISSION SEQUENCE SIMULATION

TRANSFER TO VERTICAL PROCESSING FACILITY
.78.4.1 LOAD PAYLOAD INTO CONTAINER
.78.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY
.78.4.3 UNLOAD CONTAINER

INTEGRATE TMS WITH PAYLOAD

PERFORM INTERFACES CHECK
.78.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
.78.6.2 CHECK ELECTRICAL INTERFACES
.7B.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
.78.6.4 CHECK ELECTRICAL INTERFACES

TRANSFER PAYLDAD TO LAUNCH PAD
.78.7.1 LOAD PAYLOAD INTO CANISTER
.78.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE
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3.3.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
3.3.78.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
3.3.78.7.5 REMOVE CANISTER
3.3.78.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL)
3.3.78.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBRITER
3.3.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM
3.3.78.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
3.3.78.8.4 CHECK ELECTRICAL INTERFACES
3.3.78.8.5 CLOSE-OUT PAYLOAD BAY
3.3.78.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
UNTDOWN AND LAUNCH
BITAL DEPLOYMENT AND CHECKOUT
9.1 SHUTTLE ATTAINS DELIVERY ORBIT
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2 TESTS OF ATTACHED PAYLOAD

9.2.1 POWER SUBSYSTEM CHECKOUT
.2.2 INFORMATION PROCELSING SUBSYSTEM CHECKOUT
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NSION OF PAYLOAD FROM PAYLOAD Bay

OPEN PAYLOAD BAY DOORS

ACTIVATE RMS

LOCATE GRASPING FIXTURE ON TARGET
MOVE RMS TO FIXTURE

GRASP FIXTURE

RELEASE PAYLOAD RESTRAINVS

TRANSLATE PAYLOAD QUT OF PAYLDAD BAY

RATION OF PAYLOAD FROM DRBITER

RMS RELEASES PAYLOAD
SECURE RMS IN PAYLOAD BAY

ATIONAL CHECKOUT

ACTIVATE TMS SUBSYSTEMS

INFORMATION PROCESSING SUBSYSTEM CHECKOUT
POWER SUBSYSTEM CHECKOUT

THERMAL SUBSYSTEM CHECKOUT
STRUCTURAL SUBSYSTEM CHECKOUT
COMMUNICATIONS SUBSYSTEM CHECKODUT
ATTITUDE CONTROL SUBSYSTEM CHECKOUT
PROPULSION SUBSYSTEM CHECKOUT
CONSUMABLES LEVELS CHECKOUT
FY DEFECTIVE COMPONENT

DETERMINE ANOMALOUS DATA

FORM HYPOTHESIS FOR PROBLEM

DEVISE TEST FOR FAITLURE HYPOTHESIS
PERFORM TEST FOR FAILURE HYPOTHESIS
IDENTIFY FAULTY COMPONENT
FY DEFECTIVE SOFTWARE

COMPARE MEASURED DATA TO MODEL
DETERMINE ANOMALOUS DATA

FORM HYPOTHESIS FOR PROBLEM

DEVISE TEST FOR FAILURE HYPDTHESIS
PERFORM TEST FOR FAILURE HYPOTHESIS
NENT FAILURE RECOVERY (REDUNDANCY)

A 1 SWITCH OUT FAULTY COMPONENT
.9 8A.2 SWITCH IN REDUNDANT COMPONENT
.8.8A.3 MAKE DIAGNOSTIC CHECKS
.8.8A.4 UPDATE SPACECRAFT MODEL

COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)

.88,
.8B.
.88B.
.88.
.88B.
.88.
.88B.
.88.

OCOIOAUIDWN -

DEFINE ACCESS SEQUENCE

LOCATE ACCESS PANEL

TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OPEN ACCESS PANEL

OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT

STORE COMPONENT

LOCATE NEW COMPONENT

POSITION AND CONNECT NEW COMPONENT

.10 ADJUST COMPONENT

.11 MAKE DIAGNQSTIC CHECKS
.12 CLOSE ACCESS PANEL

.13 STOW REPAIR EQUIPMENT
.14 UPDATE SPACECRAFT MODEL

FTWARE FATLURE RECOVERY
.9.1 DETERMINE CORRECTION ALGORITHM
.9.2 DATA/COMMAND ENCODING
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.3 DATA/COMMAND TRANSMISSION
.4 COMPUTER FUNCTION CHECKS
ITAL TRANSFER
0.1 INITIALIZE GUIDANCE SYSTEM
2 DETERMINE CURRENT ORBITAL PARAMETERS
3 DETERMINE DESIRED ORBITAL PARAMETERS
.10.4 CHOOSE OPTIMAL TRAJECTORY
]
6

-smmco

DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
.10.7 ROTATE SPACECRAFT
.10.8 FIRE THRUSTERS
MONITORING AND RESOURCE ALLOCATION
TEMPERATURE MANAGEMENT

.10.1.1 MEASURE COMPONENT TEMPERATURES
.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS
.10.1.3 ADJUUST COOLING/HEATING SYSTEMS

POWER MANAGEMENT

.10.2.1 MEASURE CURRENTS AND VOLTAGES

.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
.10.2.3 ADJUST CURRENTS AND VOLTAGES

.10.2.4 MONITOR BATTERIES

DATA/COMMAND PROCESSING

.10.3.1 SHORT-TERM MEMORY STORAGE
.10.3.2 LONG-TERM MEMORY STORAGE
.10.3.3 DATA/COMMAND ENCODING
.10.3.4 DATA/COMMAND DECODING
.10.3.5 NUMERICAL COMPUTATION
.10.3.6 LOGIC OPERATIONS

.10.3.7 COMPUTER LOAD SCHEDULING
.40.3.8 COMPUTER FUNCTION CHECKS

CONSUMABLES MANAGEMENT

.10.4.1 MONITOR PROPELLANT SUPPLIES
.10.4.2 PROJECT CONSUMZBLES REQUIREMENTS FROM MISSION PROFILE
.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

STRUCTURAL MANAGEMENT

.10.5.1 MEASURE STRAINS IN STRUCTURE

.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS

10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
10.5.4 APPLY COMPENSATING FORCES

10.5.5 APPLY VIBRATION DAMPING

HAZARD AVOIDANCE

10.6.1 AVOID TANK OVERPRESSURES

10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS

10.6.3 MAINTAIN COMMUNICATION LINKS

10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
10.6.5 TRACK NEARBY OBUJECTS

.10.6.6 AVOID CONFLICTING OBJECTS

OPTIMAL SEQUENCING

.10.7.1 UPDATE SPACECRAFT MODEL

.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT

.10 7.6 COMPUTE OPTIMAL SEQUENCING

IDENTIFY DEFECTIVE COMPONENT

.10.8.1 DETERMINE ANOMALOUS DATA

.10.8.2 FORM HYPOTHESIS FOR PROBLEM

.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS
.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS
.10.8.5 IDENTIFY FAULTY COMPONENT

IDENTIFY DEFECTIVE SOFTWARE

.10.9.1 COMPARE MEASURED DATA TO MODEL
.10.9.2 DETERMINE ANOMALQUS DATA

.10.8.3 FORM HYPOTHESIS FOR PROBLEM

.10.9.4 DEVISE TEST FOR FAILURE HMYPOTHESIS
.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS
.10A COMPONENT FAILURE RECOVERY (REDUNDANCY)
.3,

10.10A. 1 SWITCH OUT FAULTY COMPONENT

3.10.10A.2 SWITCH IN REDUNDANT COMHONENT

.3.
.3.

10.10A.3 MAKE DI1AGNOSTIC CHECKS
10.10A.4 UPDATE SPACECRAFT MODEL

. 1OB COMPONENT FAILURE RECQOVERY (ON-BOARD REPAIR)
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3.9
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.3,
3.3.
3.3.10.1

3.3.

3.3.10.1
3.3.

3.3.
3.3.
3.3.

3.3.11 ATTITUY
3.3.11.1
3.3
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3.3.
This {5 what the TMS
This might include mult
of OTV engine firings,
so fourth.
3.3.12 RENDEZ
3.3.12.1
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3.3.
3.3.
3.3.
3.3.
3.3,

3.3
3.3
3.3.
3.3.12.2
3.3.

3.3.

3.3.13 RETRIE
3.3.13.1

3.3.

3.3

3.3.
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10.10B. 1 DEFINE ACCESS SEQUENCE

10. 10B.2 LOCATE ACCESS PANEL

.10.108.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
10.108.4 OPEN ACCESS PANEL

,10.108.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
.10.108.6 REMOVE COMPONENT
.10.10B.7 STORE COMPONENT
.10.10B.8 LOCATE NEW COMPONENT
.10.108.9 POSITION AND CONNECT NEW COMPONENT
.10.10B. 10 ADJUST COMPONENT

10.108B.11 MAKE DJIAGNOSTIC CHECKS

10.10B.12 CLOSE ACCESS PANEL

10.10B.13 STOW REPAIR EQUIPMENT

10.10B.14 UPDATE SPACECRAFT MODEL
1 SOFTWARE FAILURE RECOVERY
10.11.1 DETERMINE CORRECTION ALGORITHM

.10.11.2 DATA/COMMAND ENCODING

.10.11.3 DATA/COMMAND TRANSMISSION

.,10.11.4 COMPUTER FUNCTION CHECKS
2 REPORT SYSTEM STATUS
10.12.1 DATA/COMMAND ENCODING
10.12.2 DATA/COMMAND TRANSMISSION
10.12.3 DATA/COMMAND DECODING
10.12.4 DATA/COMMAND DISPLAY
DE CONTROL AND STATIONKEEPING

MAINTAIN/CHANGE ATTITUDE

.11.1.1 INITIALIZE GUIDANCE SYSTEM
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ATTITUDE
DETERMINE NEwW CONFIGURATION FOR SPACECRAFT COMPONENTS
CHOOSE OPTIMAL TRAJECTORY
.11.1.6 ROTATE SPACECRAFT
MAINTAIN/CHANGE ORBIT
.11.2.1 INITIALIZE GUIDANCE SYSTEM
,11.2.2 DETERMINE CURRENT ORBYTAL PARAMETERS
.11.2.3 DETERMINE DESIRED ORBITAL PARAMETERS
.11.2.4 CHOOSE OPTIMAL TRAJECTORY
.11.2.5 FIRE THRUSTERS
OPTIMAL CONTROL ALLDCATION
UPDATE SFACECRAFT MODEL
PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTIONS
PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT
CHOOSE OPTIMAL CONTROL MODE
COMPUTE CONTROL COMMANDS

EXECUTE CONTROL COMMANDS
DPERATE MISSION-SPECIFIC SENSORS/ACTUATORS

i here for--to watch or monftor some activity.
i-spactral space environment measurements, obsaervation
providing a remote target, lighting a work ares, and

-
-
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VOUS WITH ORBITER
ORBITAL TRANSFER (OF TMS/SPACECRAFT)

12.1.1 INITIALIZE GUIDANCE SYSTEM

12.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
12.1.3 DETERMINE DESIRED OREBITAI. PARAMETERS
12.1.4 CHOOSE OPTIMAL TRAJECTORY

12.1.5 DETERMINE CURRENT ATTITUDE

.12.1.6 DETERMINE DESIRED ATTITUDE

.12.1.7 ROTATE SPACECRAFT

12.1.8 FIRE THRUSTERS

SHUTDOWN TMS FOR RETRIEVAL

12.2.1 STOW TMS ANTENNA

12.2.2 DEACTIVATE TMS SUBSYSTEMS

VAL BY ORBITER (OF TMS/SATELLITE)

ADJUUST ORBIT (OF ORBITER)

13.1.1 INITIALIZE GUIDANCE SYSTEM

.13.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
13.1.3 DETERMINE DESIRED ORBITAL PARAMETERS

JA.68



ORIGINAL PASE 13
OF POOR QUALITY

3.1 .4 CHDOSE OPTIMAL TRAJECTORY
3.1.5 FIRE THRUSTERS
3.3.13.2 ADJUUST ATTITUDE (OF ORBITER)
3.2.1 DETERMINE CURRENT ATTITUDE
3.3.13.2.2 DETERMINE DESIRED ATTITUDE
3.3.13.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
3.83.13.2 4 CHOOSE OPTIMAL TRAJECTORY
3.3.13.2.5 ROTATE SPACECRAFT
3.3.13.3 OPTIMAL CONTRCL ALLOCATION

3.3.13.83.1 UPDATE SPACECRAFT MODEL
3.3.13.3.2 PROJVECT DESIRED FUNCTIONS FROM MISSION PROFILE
3.3.13.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
3.3.13.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
3.3.13.83.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
3.3.153.3.6 CHOOSE OPTIMAL CONTROL MODE
3.3.13.83.7 COMPUTE CONTROL COMMANDS
3.3.13.3.8 EXECUTE CONTROL COMMANDS
3.2.13.4 ORBITER RECOVERY DF TMS
3.3.13.4.1 ACTIVATE RMS
3.3.13.4.2 LOCATE GRASPING FIXTURE ON TARGET
3.3.13.4.3 MOVE RMS TO FIXTURE
3.3.13.4.4 GRASP FIXTURE
3.3.13.4.5 LOCATE CRADLE IN PAYLOAD BAY
3.3.13.4.6 TRANSLATE PAYLDAD TO CRADLE
3.3.13.4.7 FASTEN PAYLOAD RESTRAINTS
3.3.13.4.8 RMS RELEASES PAYLOAD
3.3.13.4.9 SECURE RMS IN PAYLOAD BAY

3.3.14 REENTRY AND LANDING

3.3.15 POST-FLIGHT OPERATIONS
3.3.15.1 SAFING OF ORBITER ANND HAZARDOUS PAYLDADS
3.3.15.2 REMOVAL OF PAYLOADS FROM ORBITER

3.4 LARGE SPACE SYSTEMS ASSEMBLY

- - e v o

P A L X T W Py

The TMS may be used as an assembly aid in the construction of a large space

structure,

cabies,

Tasks would include transfering material between sites, routing

structural alignment and assembly, and equipment installation and
sarvicing,

------------------------------------------------------- - -

3.4.1 DESIGN

DEFINE REQUIREMENTS

MISSION ANALYSIS

PAYLOAD ACCOMODATIONS

CREATE FUNCTIONAL LAYOUT

FATLURE MODES ANALYSIS

ADJUST DESIGN FOR MAINTAINANCE AND REPAIR
CREATE MECHANICAL LAYOUT

SAFETY REVIEW

DESIGN OF COMPONENTS

10 SOFTWARE DEVELOPMENT

NENT FABRICATION

.1 PROCURE OFF-THE-~SHELF COMPONENTS
.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
.3 PROCURE MANUFACTURING EQUIPMENT

.4 MANUFACTURE COMPONENTS

ONENT TEST

SET UP TEST FACILITIES

STRUCTURAL LOADS TESTS

DATA PROCESSING AND SOFTWARE TESTS
ANTENNA AND ARRAY DEPLOYMENT TESTS
ELECTRICAL SYSTEMS TESTS

THERMAL AND VACUUM TESTS

THRUSTER TESTS

COMPONENT CERTIFICATION
INTEGRATION

TEST

POWER SUBSYSTEM TESTS

THERMAL SUBSYSTEM TESTS

STRUCTURE SUBSYSTEM TESTS
INFORMATION PROCESSING SUBSYSTEM TESTS
COMMUNICATIONS SUBSYSTEM TESTS
ATTITUDE CONTROL SUBSYSTEM TESTS

WWLWWWL LW W
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ORIGHINL 1 k)
7 PROPULSION SUBSYSTEM TESTS oF BrR Gl 7Y
.B INTEGRATED BYSTEMS TESTS
8 FAILURE MODES SIMULATION
10 SYSTEM CERTIFICATION
ING TO LAUNCH SITE
1 REMOVE TEST EQUIPMENT
2 PERFORM NECESSARY DISASSEMBLY
3 PACKING
.4 TRANSPORT TD LAUNCH SITE
OAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD)
.1 UNPACKING
.2 PERFORM NECESSARY REASSEMBLY
.3 INTEGRATED SYSTEMS TESTS
.4,7A.3.1 VERIFY POWER SYSTEM F JNCTION
3.4.7A.,3.2 VERIFY COMMAND SYSTEM FUNCTION
3.4,7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
3.4,7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
3.4.7A.3.5 MISSION SEQUENCE SIMULATION
3.4.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG.
3.4.7A.4,1 LOAD PAYLOAD INTO CONTAINER
3.4,.7A.4.2 TRANSPORT TD OPERATIONS AND CHECKOUT BLDG.
3.4.7A.4.3 ATTACH STRONGBACK TO PAYLOAD
3.4.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE
3.4.7A.5 INTEGRATE TMS WITH PAYLOAD
The TMS might carry man1pu1ators for structural assembly or a cargo rack
for this mission,
3.4.7A.6 PERFORM INTERFACES CHECK
3.4.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
3.4,7A,6.2 CHECK ELECTRICAL INTERFACES

W
E
[ 2]

p

WP P> -

3.4.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
3.4.76.6.4 CHECK ELECTRICAL INTERFACES
3.4.7A.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY
3.4.7TA.7.1 ATTACH STRONGBACK TO PAYLODAD
3.4,7A.7.2 LOAD PAYLOAD INTO CANISTER
3.4.7A.7.3 REMOVE STRONGBACK
3.4.7A.7.4 CLOSE CANISTER
3.4.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING  ACILITY
3.4.7A,7.6 UNLOAD CANISTER
3.4.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL)
3.4,7A.8.1 ATTACH STRONGBACK TO PAYLOAD
3.4.7A.8.2 INSTALL PAYLOAD IN ORBITER
3.4.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
3.4.7A.8.4 CHECK ELECTRICAL INTERFACES
3.4,7A.8.5 REMOVE STRONGBACK
3.4.74.8.6 CLOSE-QUT PAYLOAD BAY
3.4.7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES

3.4.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD)
3.4.7B.1 UNPACKING
3.4.7B.2 PERFORM NECESSARY REASSEMBLY
3.4.78.3 INTEGRATED SYSTEMS TESTS
.78.3.1 VERIFY POWER SYSTEM FUNCTION
.78.3.2 VERIFY COMMAND SYSTEM FUNCTION
.78.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
.78.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
.78.3.5 MISSION SEQUENCE SIMULATION
TRANSFER TO VERTICAL PROCESSING FACILITY
.78.4.1 LOAD PAYLOAD INTD CONTAINER
.78.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY
.7B.4.3 UNLDAD CONTAINER
INTEGRATE TMS WITH "AYLOAD
PERFORM INTERFACES CHECK
.78.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
.78.6.2 CHECK ELECTRICAL INTERFACES
.78.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
.78.6.4 CHECK ELECTRICAL INTERFACES
TRANSFER PAYLOAD TO LAUNCH PAD
.78.7.1 LOAD PAYLOAD INTO CANISTER
.78.7.2 TRANSPORT TD ROTATING SERVICE STRUCTURE
.78.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
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QUALITY

3.

3

3.

.4.8,

.4.9, 6 1

3.4.786.7.5 REMOVE CANISTER
4,7B.8 ORBITER/PAYLOAD INTZGRATIUN (VERTICAL)

3.4.78.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER

3.4. 7B 8.2 EXTEND PAYLOAD INTO ORRBITER USING PGHM
CONNECT ORBITER/PAYLOAD INTERFACES
CHECK ELECTRICAL INTERFACES

CLOSE=DUT PAYLOAD BAY

[ANARA]
b}ib
S g-
oon
© ® o
OV

3. 4 7B 8 6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES

OUNTDOWN AND LAUNCH

RBITAL DEPLOYMENT AND CHECKOUT

4,9.* SHUTTLE ATTAINS DELIVERY ORBIT

.4.8.4 'C8TS OF ATTACHED PAYLOAD

.9.2.1 POWER SUBSYSTEM CHECKDUT

2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
SION OF PAYLOAD FROM PAYLOAD BAY

{ OPEN PAYLOAD BAY DOORS

2 ACTIVATE RMS

3 LOCATE GRASPING FIXTURE ON TARGET
4

5

6

mm
hh

.2,
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hh‘bbhbb
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MOVE RMS TO FIXTURE
GRASP FIXTURE
RELEASE PAYLOAD RESTRAINTS

WWLWWLW W

7

SEPARATION OF PAYLOAD FROM ORBITER

1 RMS RELEASES PAYLOAD

2 SECURE RMS IN PAYLOAD BAY
TIONAL CHECKOUT

1 ACTIVATE TMS SUBSYSTEMS

2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
3 POWER SUBSYSTEM CHECKOUT

4 THERMAL SUBSYSTEM CHECKOUT

S STRUCTURAL SUBSYSTEM CHECKOUT
6

7

S

1

1

2

3
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3.
3.
.3.
.3,
.3,
.3.7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY
A
.4,
-
RA
.5,
.5,
.5.
.5,

COMMUNICATIONS SUBSYSTEM CHECKOUT
ATTITUDE CONTROL SUBSYSTEM CHECKOUT
PROPULSION SUBSYSTEM CHECKOUT
CONSUMABLES LEVELS CHECKDUT

5-N
5,
.5,
.5,
.5,
ENTIFY DEFECTIvVE COMPONENT

.6.1 DETERMINE ANDMALOU: DATA
.6.2 FORM HYPOTHESIS FOR PROBLEM
.6.

3 DEVISE TEST FOR FAILURE HYPOTHESIS
4 PERFORM TIST FOR FAILURE HYPOTHESIS
5 IDENTIFY FAULTY COMWPONENT

ENTIFY DEFECTIVE SOFTWARE

N
.6,
.6,
N
.7.1 COMPARE MEASURED DATA TO MODEL
7.
7.
.7,
.7,
M

umuwu
bbhbh

p-N
©
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2 DETERMINE ANOMALOUS DATA

3 FORM MYPOTHESIS FUR PROBLEM
4 DEVISE TEST FOR FAILURE HYPOTHESIS
5 PERFORM TEST FOR FAILURE HYPOTHESIS
OMPONENT FAILURE RECOVERY (REDUNDANCY)
.BA.1 SWITCH OUT FAULTY COMPONENT
.8 BA.2 SWITCH IN REDUNDANT COMPONENT
.9.8A.3 MAKE DIAGNDSTIC CHECKS
.9.8A.4 UPDATE SPACECRAFT MODEL
COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)
DEFINE ACCESS SEQUENCE

LOCATE ACCESS PANEL
TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
OPEN ACCESS PANEL

OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT

STORE COMPONENT

LOCATE NEW COMPONENT

POSITION AND CONNECT NEW COMPONENT
ADJUST COMPONENT

.8B.11 MAKE DIAGNOSTIC CHECKS

.8B.12 CLOSE ACCESS PANEL

.8B.13 STOW REPAIR EQUIPMENT

.B8B.%{ UPDATE SPACECRAFT MODEL
FTWARE FAILURE RECOVERY

.9.1 DETERMINE CORRECTION ALGORITHM

.9.2 DATA/COMMAND ENCODING

.9.3 DATA/COMMAND TRANSMISSION

.8.4 COMPUTER FUNCTION CHECKS
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3.4.9.10 ORBITAL TRANSFER
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0.
.10,
°
0.
0.

9.10.1 INITIALIZE GUIDANCE SYSTEM

10.2 DETERMINE CURRENT ORBITAL PARAMETERS

0.3 DETERMINE DESIRED ORBITAL PARAMETERS

4 CHOOSE OPTIMAL TRAUJUECTORY

5 DETERMINE CURRENT ATTITUDE

.6 DETERMINE DESIRED ATTITUDE

.7 ROTATE SPACECRAFT

.10.8 FIRE THRUSTERS

GNITORING AND RESOURCE ALLOCATION

TEMPERATURE MANAGEMENT

.10.1.1 MEASURE COMPONENT TEMPERATURES

10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS

0.1.3 ADJUST COOLING/HEATING SYSTEMS

OWER MANAGEMENT

0.2.1 MEASURE CURRENTS AND VOLTAGES

2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
2.3 ADJUST CURRENTS AND YOLTAGES

2.4 MONITOR BATTERIES

/COMMAND PROCESSING

1 SHORT~TERM MEMORY STORAGE

2 LONG-TERM MEMORY STORAGE

3 DATA/COMMAND ENCODING

4 DATA/COMMAND DECODING
5
6
7

0.
0.
0.
AT

NUMERICAL COMPUTATION
LOGIC OPERATIONS
COMPUTER LOAD SCHEDULING

1
p
.
.
1
1
D
!
i
1
1
1
i
1

A
3.
3
3.
3.
3.
3.
3.

.40.3.8 COMPUTER FUNCTION CHECKS

CONSUMABLES MANAGEMENT

.10.4.1 MONITOR PROPELLANT SUPPLIES
.10.4.2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

STRUCTURAL MANAGEMENT

.30.5.1 MEASURE 3TRAINS IN STRUCTURE

.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETER:

.10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
.10.5.4 APPLY COMFPENSATING FORCES

.10.5.5 APPLY VIBRATION DAMPING

HAZARD AVOIDANCE

.10.6,1 AVOID TANK OVERPRESSURES

.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS

.10.6.3 MAINTAIN COMMUNICATION LINKS

.10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
.10.6.5 TRACK NEARBY OBUJECTS

.10.6.6 AVOID CONFLICTING OBUJUECTS

OPTIMAL SEQUENCING

.10.7.1 UPDATE SPACECRAFT MODEL

10.7.2 PROJVECT DESIRED FUNCTIONS FROM MISSION PROFILE
10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

.10.7.4 PROJECT CONSUMABLES REOUIREMENTS FROM MISSION PROFILE
.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
.10.7.6 COMPUTE OPTIMAL SEQUENCING

IDENTIFY DEFECTIVE COMPONENT

.10.8.1 DETERMINE ANOMALOUS DATA
.10.8.2 FORM HYPOTHESIS FOR PROBLEM
.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS

10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS

.10.8.5 IDENTIFY FAULTY COMPONENT

IDENTIFY DEFECTIVE SOFTWARE

.10.8.1 COMPARE MEASURED DATA TO MODEL
.10.9.2 DETERMINE ANOMALOUS DATA

.10.9.3 FORM HYPOTHESIS FOR PROBLEM

.10.8.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS
. 10A COMPONENT FAILURE RECOVERY (REDUNDANCY)
.4.
.4,

10.10A. 1 SWITCH DUT FAULTY COMPONENT
10.10A.2 SWITCH IN REDUNDANT COMPONENT

3.4.10.10A.3 MAKE DIAGNOSTIC CHECKS
3.4.10,10A.4 UPDATE SPACECRAFT MODEL

3.4,.10.108B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)
3.4.10.10B.1 DEFINE ACCESS SEQUENCE

3

4.

10.10B.2 LOCATE ACCESS PANEL
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OF PQOCR QUALITY 3.4.10.10B.5 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
3.4.10.108.4 OPEN ACCESS PANEL
3.4.10.108.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
8.4.10.10B.6 REMOVE COMPONENT
3.4.10.10B.7 STORE COMPONENT
3.4.10.10B.8 LOCATE NEW COMPONENT
3.4.10.10B.9 POSITION AND CONNECT NEW COMPONENT
3.4.10.10B.10 ADJUST COMPONENT
8.4.10.10B.11 MAKE DIAGNOSTIC CHECKS
3.4.10.10B.12 CLOSE ACCESS PANEL

3.4.10.10B.13 STOW REPAIR EQUIPMENT
3.4.10.10B. 14 UPDATE SPACECRAFT MODEL
3.4.10.11 SOFTWARE FAILURE RECOVERY
3.4.10.11.1 DETERMINE CORRECTION ALGORITHM
3.4.10.11,2 DATA/COMMAND ENCODING
3.4.10.11.3 DATA/COMMAND TRANSMISSION
J.4.10.11.4 COMPUTER FUNCTION CHECKS
3.4.10.12 REPORT SYSTEM STATUS
4.10.12.1 DATA/COMMAND ENCODING
4.10.12.2 DATA/COMMAND TRANSMISSION
4.10,12.3 DATA/COMMAND DECODING
.4.10.12.4 DATA/COMMAND DISPLAY

3.
3.
3.
3

3.5 UNCOOPERATIVE SPACECRAFT/DEBRIS CAPTURE
In this mission the TMS is used to capture and dispose of uncooperative
spacecraft or debr1s on orbit.
3.5.1 DLSIGN

DEFINE REQUIREMENTS
MISSION ANALYSIS
PAYLOAD ACCOMODATIONS
CREATE FUNCTIONAL LAYDUT
FAILURE MODES ANALYSIS
ADJUST DESIGN FOR MAINTAINANCE AND REPAIR
CREATE MECHANICAL LAYOUT
SAFETY REVIEW
DESIGN OF COMPONENTS
.10 SOFTWARE DEVELOPMENT
ONENT FABRICATION
.1 PROCURE OFF~THE-SI'‘ELF COMPONENTS
.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS
.3 PROCURE MANUFACTURING EQUIPMENT
.4 MANUFACTURE COMPONENTS
ONENT TEST
SET UP TEST FACILITIES
STRUCTURAL LOADS TESTS
DATA PROCESSING AND SOFTWARE TESTS
ANTENNA AND ARRAY DEPLOYMENT TESTS
ELECTRICAL SYSTEMS TESTS
THERMAL AND VACUUM TESTS
THRUSTER TESTS
COMPONENT CERTIFICATION
INTEGRATION
TEST
POWER SUBSYSTEM TESTS
THERMAL SUBSYSTEM TESTS
STRUCTURE SUBSYSTEM TESTS
INFORMATION PROCESSING SUBSYSTEM TESTS
COMMUNICATIONS SUBSYSTEM TESTS
ATTITUDE CONTROL SUBSYSTEM TESTS
PROPULSION SUBSYSTEM TESTS
INTEGRATED SYSTEMS TESTS
FAILURE MODES SIMULATION
.10 SYSTEM CERTIFICATION
PING TO LAUNCH SITE
.1 REMOVE TEST EQUIPMENT
.2 PERFORM NECESSARY DISASSEMBLY
.3 PACKING
.4 TRANSPORT TO LAUNCH SITE
LOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD)
A.1 UNPACKING
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3.5.7A.2 PERFORM NECESSARY REASSEMBLY

3.5.7A.3 INTEGRATED SYSTEMS TESTS
3.5.7A.3.1 VERIFY POWER SYSTEM FUNCTION
3.5,7A,3.2 VERIFY COMMAND SYSTEM FUNCTION
3.5.7A.8.3 VERIFY MECHANICAL SYSTEM FUNCTION
3.85.7A,3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
3.5.7A,3.5 MISSION SEQUENCE SIMULATION

3.5.7A.4 TRANSFER TO OPERATIONS AND 7LHECKOUT BLDG.
3.5.7A.4.1 LOAD PAYLOAD INTO CCWNTAINER
3.5.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG.
3.5.7A,4.3 ATTACH STRONGBACK TO PAYLOAD
3.5.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE

3.5.7A.5 INTEGRATE TMS WITH PAYLOAD

3.5.7A.6 PERFORM INTERFACES CHECK
3.5.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
3.5,7A.6.2 CHECK ELECTRICAL INTERFACES
3.5.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
3.5.7A.6.4 CHECK FLECTRICAL INTERFACES

3.5.7A.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY
3.5.7A.7.1 ATTACH STRONGBACK TO PAYLOAD

3.5.7A.7.2 LOAD PAYLOAD INTO CANISTER

3.5.7A.7.3 RENOVE STRONGBACK

3.5.7A.7.4 CLOSE CANISTER

3.5.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY

3.5.7A.7.6 UNLOAD CANISTER
3.5.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL)
3.5.7A.8.1 ATTACH STRONGBACK TO PAYLDAD
3.5.7A.8.2 INCTALL PAYLOAD IN ORBITER
3.5.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES
3.5.7A.8.4 CHECK ELECTRICAL INTERFACES
3.5.7A.8.5 REMOVE STRONGBACK
3.5.7A.8.6 CLOSE-OUT PAYLDAD BAY
3.5.7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
3.5.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD)
3.5.7B.1 UNPACKING
3.5.78 2 PERFORM NECESSARY REASSEMBLY
3.5.78.3 INTEGRATED SYSTEMS TESTS
3.5.7B.3.1 VERIFY POWER SYSTEM FUNCTION
3.5.78.3.2 VERIFY COMMAND SYSTEM FUNCTION
3.5,78.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
3.5.78.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
3.5.78.3.5 MISSION SEQUENCE SIMULATION
B.4 TRANSFER TO VERTICAL PROCESSING FACILITY
3.5.78.4.1 LOAD PAYLDAD INTO CONTAINER
3.5.7B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY
3.5.78.4.3 UNLOAD CONTAINER
B.5 INTEGRATE TMS WITH PAYLOAD
B.6 PERFORM INTERFACES CHECK
3.5.7B.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES
3.5.7B.6.2 CHECK ELECTRICAL INTERFACES
9.5.7B.6.3 CHECK SHUTTLE/PAYLDAD MECHANICAL INTERFACES
3.5.78.6.4 CHECK ELECTRICAL INTERFACES
3.5.7B.7 TRANSFER PAYLOAD TO LAUNCH PAD
3.5.78.7.1 LOAD PAYLDAD INTO CANISTER
3.5.7B.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE
3.5,78.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
3.5.78.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM
3.5.78.7.5 REMOVE CANISTER
B.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL)
3.5.78.
3.5.7B.
3.5.78.
3.5.7B.
3.5.78.
3.5,78.
T
T

MATE ROTATING SERVICE STRUCTURE TO ORBITER
EXTEND PAYLOAD INTD ORBITER USING PGHM

CONNECT ORBITER/PAYLOAD INTERFACES

CHECK ELECTRICAL INTERFACES

CLOSE~OUT PAYLDAD BAY

INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES

omoomoOD
DU HWN -

NTDOWN AND LAUNCH
ITAL DEPLOYMENT AND CHECKOUT
.9.1 SHUTTLE ATTAINS DELIVERY ORBIT
9.2 TESTS OF ATTACHED PAYLOAD
3.5.9.2.1 POWER SUBSYSTEM CHECKOUT
3.5.8.2.2 INFORMATION PROUCESSING SUBSYSTEM CHECKOUT
3.5.9.3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY
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3.1 OPEN PAYLOAD BAY DOORS

3.2 ACTIVATE RMS

3.3 LOCATE GRASPING FIXTURE ON TARGET
.3.4 MOVE RMS TO FIXTURE
3.5 GRASP FIXTURE
3.6
3.7
ARA

RELEASE PAYLOAD RESTRAINTS
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.7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY
RATION OF PAYLOAD FROM ORBITER

1 RMS RELEASES PAYLOAD

2 SECURE RMS IN PAYLDAD BAY

TIONAL CHECKOUT

1 ACTIVATE TMS SUBSYSTEMS

2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
3 POWER SUBSYSTEM CHECKOUT

4 THERMAL SUBSYSTEM CHECKOUT

5 STRUCTURAL SUBSYSTEM CHECKOUT

6 COMMUNICATIONS SUBSYSTEM CHECKQUT

7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT
8

9

1

1

2

3

4

5

1
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PROPULSION SUBSYSTEM CHECKOUT
CONSUMABLES LEVELS CHECKOUT
FY DEFECTIVE COMPONENT
DETERMINE ANOMALOUS DATA

FORM HYPOTHESIS FOR PROBLEM
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.5,
.5,
.5,
5.
.5,
.5.
.8,
.5,
5.
N
.6,
.6,

DEVISE TEST FOR FAILURE HYPOTHESIS
PERFORM TEST FOR FAILURE HYPOTHESIS
IDENTIFY FAULTY COMPONENT
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.6.
.6,
.6,
ENTIFY DEFECTIVE SOFTWARE
.7.1 COMPARE MEASURED DATA TO MODEL
.7.2 DETERMINE ANOMALOUS DATA
.7.3 FORM HYPOTHESIS FOR PROBLEM
.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.7.5 PERFORM TEST FOR FAILURE HYPOTHESIS
OMPONENT FAILURE RECOVERY (REDUNDANCY)
.BA.1 SWITCH OUT FAULTY COMPONENT
.9.BA.2 SWITCH IN REDUNDANT COMPONENT
.9.8A.3 MAKE DIAGNOSTIC CHECKS
.8.8A.4 UPDATE SPACECRAFT MODEL
COMPONENT FAILURE RECOVERY (ON-BDARD REPAIR)
.8B.1 DEFINE ACCESS SEQUENCE
2 LOCATE ACCESS PANEL
.8B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
.8B.4 OPEN ACCESS PANEL
.88.5 DOBSERVE/LOCATE DEFECTIVE COMPONENT
6
7
8
9
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.8B.

.8B.6 REMOVE COMPONENT

.BB.7 STORE COMPONENT

.88.8 LOCATE NEW COMPONENT

.8B.9 POSITION AND CONNECT NEW COMPONENT
.8B.10 ADUUST COMPONENT

.8B.11 MAKE DIAGNOSTIC CHECKS

.8B.12 CLOSE ACCESS PANEL

.BB. 13 STOW REPAIR EQUIPMENT

.8B.14 UPDATE SPACECRAFT MODEL

9, 9 SOFTWARE FAILURE RECOVERY

.8.9.1 DETERMINE CORRECTION ALGORITHM

.9.9.2 DATA/COMMAND ENCODING

.8.9.3 DATA/COMMAND TRANSMISSION

.9.9.4 COMPUTER FUNCTION CHECKS

ORBITAL TRANSFER

.10. ¢ INITIALIZE GUIDANCE SYSTEM

.10. DETERMINE CURRENT ORBITAL PARAMETERS
.10.3 DETERMINE DESIRED ORBITAL PARAMETERS
.10.4 CHOOSE OPTIMAL TRAJUECTORY

.10.5 DETERMINE CURRENT ATTITUDE

.10.6 DETERMINE DESIRED ATTITUDE

.10.7 ROTATE SPACECRAFT

.10.8 FIRE THRUSTERS

MONITORING AND RESOURCE ALLOCATION

10.1 TEMPERATURE MANAGEMENT

3.5.10.1.1 MEASURE COMPONENT TEMPERATURES
3.5.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS
3.5.10.1.3 ADJUUST COOLING/HEATING SYSTEMS

10.2 POWER MANAGEMENT

WWWWWLWWWWLWLWWW
(D(DW(D(D(D‘ID(D(D(D(D(D(D(D

(J(A)UU

(D(D(.DID!D(D(DLO
mqmmbwu-‘

2A4.75



oRIch.
OF PCCU . ’

o

1 MEASURE CURRENTS AND VOLTAGES

2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
3 ADJUST CURRENTS AND VOLTAGES
4
c

MONITOR BATTERIES
OMMAND PROCESSING

w
o
-

T

1 SHORT=-TERM MEMORY STORAGE
2 LONG-TERM MEMORY STORAGE
3 DATA/COMMAND ENCODING

4 DATA/COMMAND DECODING

5 NUMERICAL COMPUTATION
6
7
8
M

/

LOGIC OPERATIONS
COMPUTER LOAD SCHEDULING
COMPUTER FUNCTION CHECKS
ABLES MANAGEMENT
1 MONITOR PROPELLANT SUPPLIES
2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION
TURAL MANAGEMENT
1 MEASURE STRAINS IN STRUCTURE
2 COMPUTE STRESS AND VIBRATION PARAMETERS
3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
4 APPLY COMPENSATING FORCES
3
o]
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APPLY VIBRATION DAMPING
AVOIDANCE

2
?
2
.2
A
3
.3
3
.3,
.3.
.3.
3
3
S
.4
4
4
u
.5,
.5,
5.
.5
5
A
.6

1 AVOID TANK OVERPRESSURES

2 MAINTAIN SAFE BATTERY CHARGE LEVELS

3 MAINTAIN COMMUN]ICATION LINKS

.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
5

]

(A
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TRACK NEARBY OBUJECTS

AVOID CONFLICTING OBJECTS

TIMAL SEQUENCING

1 UPDATE SPACECRAFT MODEL

2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE

3 ESTIMATE RISKS FROM DESIRED FUNCTIONS

4 PROUECT COUNSUMABLES REDUIREMENTS FROM MISSION PROFILE
5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT

.6 COMPUTE OPTIMAL SEQUENCING
1
1
2
3
4
5
1

‘DOOOOOODOO

TIFY DEFECTIVE COMPONENT
DETERMINE ANOMALOUS DATA
FORM HYPOTHESIS FOR PROBLEM
DEVISE TEST FOR FAILURE HYPOTHESIS
PERFORM TEST FOR FAIJLURE HYPOTHESIS
IDENTIFY FAULTY COMPONENT
FY DEFECTIVE SOFTWARE
.1 COMPARE MEASURED DATA TO MODEL
.2 DETERMINE ANOMALOUS DATA
.3 FORM HYPOTHESIS FOR PROBLEM
9 4 DEVISE TEST FOR FAILURE HYPOTHESIS
5 10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS
.10A COMPONENT FAILURE RECOVERY (REDUNDANCY)
.5.10.10A.1 SWITCH OUT FAULTY COMPONENT
.5.10.10A.2 SWITCH IN REDUNDANT COMPONENT
.5.10.10A.3 MAKE DIAGNOSTIC CHECKS
.5.10.10A.4 UPDATE SPACECRAFT MODEL
.10B COMPODNENT FAILURE RECOVERY (ON-BOARD REPAIR)
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.5,.10.108B.1 DEFINE ACCESS SEQUENCE

.5.10.10B.2 LOCATE ACCESS PANEL

$.10.108.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
5.10.10B.4 OPEN ACCESS PANEL

.5.10.108.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
5.10,10B.6 REMOVE COMPONENT

5.10.10B.7 STORE COMPONENT

5.10.10B.8 LOCATE NEW COMPONENT

5.10.108.9 POSITION AND CONNECT NEW COMPONENT
5.10.10B. 10 ADJUST COMPONENT

5.10.108. 11 MAKE DIAGNDOSTIC CHECKS
.5.10.10B.12 CLOSE ACCESS PANEL

5.10.10B.13 STOW REPAIR EQUIPMENT

.5.10.108. 14 UPDATE SPACECRAFT MODEL

3.5.10.11 SOFTWARE FAILURE RECOVERY
3.5.10.11.1 DETERMINE CORRECTION ALGORITHM
3.5.10.11.2 DATA/COMMAND ENCODING
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3.5.10.11.3 DATA/COMMAND TRANSMISSION ORICT
3.5.10.11.4 COMPUTER FUNCTION CHECKS OF pocm Qu‘m %
3.5.10.12 REPORT SYSTEM STATUS
3.6.10.12.1 DATA/COMMAND ENCODING
3.5.10.12.2 DATA/COMMAND TRANSMISSION
3.5.10.12.3 DATA/COMMAND DECODING
3.5.10.12.4 DATA/COMMAND DISPLAY
3.5.11 CAPTURE UNCOOPERATIVE SPACECRAFT/DEBRIS
3.5.11.1 ADUUST ORBIT
3.5.11.1.1 INITIALIZE GUIDANCE SYSTEM

3.5.11.1.2 DETERMINE CURRENT CRBITAL PARAMETERS
3.5.11.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
3.5.11.1.,4 CHOOSE OPTIMAL TRAWJECTORY
3.5.11.1.5 FIRE THRUSTERS
3.5.11.2 ADJUST ATTITUDE
3.5.11.2.1 DETERMINE CURRENT ATTITUDE
3.6.11.2.2 DETERMINE DESIRED ATTITUDE
3.5.11.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
3.5.11.2.4 CHODSE OPTIMAL TRAJECTORY
3.5.11.2.5 ROTATE SPACECRAFT
3.5.11.3 OPTIMAL CONTROL ALLOCATION
3.5.91.3.1 UPDATE SPACECRAFT MODEL
3.5.11.3.2 PROJVECT DESIRED FUNCTIONS FROM MISSION PROFILE
3.5.11.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
3.5.11.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
3.5.11.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
3.5.11.3.6 CHOOSE OPTIMAL CONTROL MODE
3.5.11.3.7 COMPUTE CONTROL COMMANDS
3.5.11,3.8 EXECUTE CONTROL COMMANDS
3.5.11.4 CAPTURE SPACECRAFT/DEBRIS

P L L L L L N e R L A e R g

The TMS 1s expaected to use a dedicated debris capture device for this
activity,

5.11.4.1 OBSERVE TUMBLING SPACECRAFT
JB5.11,4.2 DEYERMINE SPACECRAFT PRINCIPAL SPIN AXIS
5.11.4.3 SPIN UP DEBRIS CAPTURE DEVICE

This breakdown assumes a spinnable debris capture device. O0Other systems
for debris detumbling and capture are possible.
3.5.11.4.4 GRASP FIXTURE
3.5.11.4.5 BRAKE DEBRIS CAPTURE DEVICE
3.5.12 INSERT SPACECRAFT/DEBRIS INTO REENTRY TRAUJUECTORY
This sequence may be omitted t1f it 15 desired to return the
spacecraft/debris to the Orbiter,
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3.5.12.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT)
3.5.12.1.1 INITIALIZE GUIDANCE SYSTEM
3.5.12.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
3.5.12.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
3.5.12.1.4 CHDOSE OPTIMAL TRAJECTORY
3.5.12.1.5 DETERMINE CURRENT ATTITUDE
3.5.12.1.6 DETERMINE DESIRED ATTITUDE
3.5.12.1.7 ROTATE SPACECRAFT
3.5.12.1.8 FIRE THRUSTERS

3.£.12.2 RELEASE SPACECRAFT/DEBRIS AND REBOOST TMS
3.5.12.2.1 RELEASE SPACECRAFT FROM DEBRIS CAPTURE DEVICE
3.5.12.2.2 INITIALIZE GUIDANCE SYSTEM
3.5.12.2.3 DETERMINE CURRENT ORBITAL PARAMETERS
3.5.12.2.4 DETERMINE DESIRED ORBITAL PARAMETERS
3.5.12.2.5 CHOOSE OPTIMAL TRAJECTO.
3.5.12.2.6 DETERMINE CURRENT ATTITUDE
3.5.12.2.7 DETERMINE DESIRED ATTITUDE
3.5.12.2.8 ROTATE SPACECRAFT
3.5.12.2.9 FIRE THRUSTERS

3.5.13 RENDE2VOUS WITH ORBITER
3.5.13.1 ORBITAL TRANSFER (OF TMS)
3.5.13.1.1 INITIALIZE GUIDANCE SYSTEM
3.5.13.1.2 DETERMINE CURRENT ORBITAL PARAMETERS
3.5.13.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
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3.5.14 RET I
3.5.14.1 ADJUST
3.5.14.1.1
3.5.14.1.2
4.5,14.1.3
3.5.14.1.4
3.5.14.1.5
3.65.14.2 ADJUST
3.5.14,2.1
3.5,14.2.2
3.5.14,2.3
3.5.14.2.4
3.5.14.2.5

.
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CHOOSE OPTIMAL TRAJECTORY
DETERMINE CURRENT ATTITUDE
CETERMINE DESIRED ATTITUDE
ROTATE SPACECRAFT

FIRE THRUSTERS

6OWN TMS FOR RETRIEVAL

STOW TMS ANTENNA
DEACTIVATE TMS SUBSYSTEMS

VAL BY ORBITER

ORBIT (OF DRBITER)

INITIALIZE GUIDANCE SYSTEM

DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESTRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY

FIRE THRUSTERS

ATTITUDE (OF DRBITER)

DETERMINE CURRENT ATTITUDE

DETERMINE DESIRED ATTITUDE

DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
CHODSE OPTIMAL TRAJECTORY

ROTATE SPACECRAFT

3.5.14.3 OPTIMAL CONTROL ALLOCATION

3.5.14.3.1
3.5.14.3.2
3.5.14.3.3
3.5.14.3.4
.5.14.3.5
.14.3.,6
4.3.7
.3.8

3.5.1
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3. 5 14 4, 9

UPDATE SPACECRAFT MODEL

PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
ESTIMATE RISKS FROM DESIRED FUNCTJONS

PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
DETERMINE CONSTRAINTS AND FIGURES OF MERIT

CHOOSE OPTIMAL CONTROL MODE

COMPUTE CONTROL COMMANDS

EXECUTE CONTROL COMMANDS

BITER RECOVERY DF TMS

ACTIVATE RMS

LOCATE GRASPING FIXTURE ON TARGET
MOVE RMS TO FIXTURE

GRASP FIXTURE

LOCATE CRADLE IN PAYLOAD BAY
TRANSLATE PAYLOAD TO CRADLE
FASTEN PAYLOAD RESTRAINTS

RMS RELEASES PAYLOAD

SECURE RMS 1IN PAYLOAD BAY

3.5.15 REENTRY AND LANDING
3.5,16 POST~-FLIGHT OPERATIONS

3.5.16.1 SAFING

OF OREITER AND HAZARDOUS PAYLDADS

3.5.16.2 REMOVAL OF PAYLDADS FROM ORBITER
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The primary source of {nformation for the details of this breakdown was the
Materials Experient Carrier Concepts Definition Study, completed in February
1981 by TRW. Volumes IIl through V contain nearly-identical sections on
mission analysis and breakdown. Volume IIl also supp)ied use’ul information
on design and on trade-offs,

4 SPACE PLATFORM (SP)

4.1A MATERIALS EXPERIMENT CARRIER (UNSERVICED, SINGLE~SORTIE)
4.1A.1 DESIGN
4.1A.1.1 DEFINE REQUIREMENTS
4 1A.1.2 SELECT EXPERIMENTAL PACKACES

The Mntersuis Experiment CArrier (MEC) can accept experimental packages
within specified size, weight, and service envelopes. Current candidate
experiments for MEC missions include containerless metals processaes, zZero-g
crystal growth, metal solidification, float zone processes, and cell
cultures. Expaeriments of similar needs and time duration should be grouped
together on missions in order to fully utilize the MEC while on-orbit.

Given the relatively large power needs of materials processing experiments,
and the need for MEC servicing and deployment by the Shuttle, optima)
orbital characteristics for MEC/Space Platform missions provide both
maximum average SP power output and convienient Shuttlie access. These two
criteria favor orbits of different inclinations (high incl. for power, low
incl. for best access) so engineering tradeoffs become necessary, Caraful
consideration must bé made of experiment weight vs. power needs before
mission outlines are constructed.
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4.1A.1.4 PAYLOAD ACCOMODATIONS

Determine 211 subsystem interactions such as data transmission, power use,
thermal dissipation, and structural loads.

4,.1A.1.5 CREATE FUNCTIONAL LAYOUT
The component specifications should be compatible with available technology,
should be fabricable within time constraints, and should comply with the
functional layout,

4,1A4.1.6 CREATE MECHANICAL LAYOUT
4.1A.2 COMPONENT FABRICATION
4,1A.2.1 PROCURE QFF~-THE-SHELF COMPONENTS
4.1A.2.2 PROCURE MATERIALS FOR MANUFACTURE OF COMPONENTS
4.1A.2.3 PROCURE MANUFACTURING EQUIPMENT
4.1A,2.4 MANUFACTURE COMPONENTS
4.1A.3 COMPONENT TEST
verify that when components are grouped into subsystems they can perform all
functional layout operations.
4.14.,3.1 SET UP TEST FACILITIES
4.1A.3.2 STRUCTURAL LOADS TESTS

The structure or a functional mockup will be exposed to various vibration
loads to verify structural integrity.
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,1A.3.3 DATA PROCESSING AND SOFTWARE TESTS

verify software by inputing data which simu\ates expected operational inputs,
but has been previously processed so the propar output is known., This nominal
output is compared to the output of %he flight softwarae to verify its proper
operation. Software {nterfaces mny exist between many of the systems onboard,
depending on the final design. for instance, the furnace heating system may
be directly linked to the temperature contro! system, These interfaces must
be tested for proper operation by actual insctaliment and operation simulation
(i.e. simulated thermal input to test the temperature Control 11ink) since
their fatlure could be detrimental to several! systems. Note that in the event
of a fault detected during flight, software can be dumped and new software can
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be l1ocaded into the system via ground telemetry,
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4,1A.3.4 SOLAR ARRAY DEPLOYMENT TESTS
Simulated solar array power is supplisd to the power
management/conditioning subsystem. This system i3 commanded to supply
varfous voltagas and currents to other subsystems. Thess quantities are
measured under raal or simulated loads and comparad against nominal
performance,
4.1A,3.5 CHECK RF PATTERN
4.1A. 3.6 ELECTRICAL SYSTEMS TESTS
4,1A,3.7 THERMAL Al VACUUM TESTS
4,.1A,.3.8 COMPONENT CERTIFICATION
4.1A.4 SYSTEM INTEGRATION
4.1A .4,1 RECEIVE AND SORT COMPONENTS
4,4A,.4,2 POSITION AND ORIENT COMPONENT
4,1A,4.3 ATTACH COMPONENTS
4,1A,5 SYSTEM TEST
4.1A.5.1 POWER SUBSYSTEM TEST
4,.1A,5.2 THERMAL SUBSYSTEM TESTS
4,.1A,5.3 INFORMATION PROCESSING SUBSYSTEM TESTS

Verify that the data relay and storage sy'tems meet design 5pec1f‘cations.

4,1A.5.4 STRUCTURE SUBSYSTEM TESTS

4,1A.5.5 COMMUNICATIONS SUBSYSTEM TESTS

4.1A,5.6 INTEGRATED SYSTEMS TEST

4.1A.5.7 FATLURE MODES SIMULATION

4,1A.5.8 SYSTEM CERTIFICATION

4,1A.6 PAYLOAD INSTALLATION AND TRANSPORT

4,1A.6. 1 INSTALLATION OF EXPERIMENTAL PACKAGES
Experimantal packages will be designed and constructed, separately from the
MEC, by the esponsoring researcher or company. Packages will have to meet
specified powar use, size, weight, interface, environmant, and safety
criteria, Packages will be integrated and tested with the MEC after the
MEC itself has been assembled and checked-out. F£P/MEC integration will
tahe place at the MEC contractor’s facility,
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4.1A.6.2 TESTING AT INTEGRATION SITE
EP/MEC system performance and compatibilty checkouts will be done at the
MEC contractor‘s facility.
4,1A.6.3 REMOVE TEST EQUIPMENT
4,1A.6.4 PERFORM NECESSARY DISASSEMBLY
The full MEC assembly (including experimenta’l packages) will be safed
before partial disassembly for packing. Transportation to launch site wil)
probably be by truck.
4,1A.6.5 PACKING
4,1A.6.6 TRANSPORT TO LAUNCH SITE
4.1A,7 ORBITER/PAYLOAD INTEGRATION AND CHECKOUT
4.1A.7.1 UNPACKING
4,1A.7.2 PERFORM NECESSARY REASSEMBLY
4,1A.7.3 INTEGRATED SYSTEMS TESTS
4,1A.7.3.1 VERIFY POWER SYSTEM FUNCTION
4.1A.7.3.2 VERIFY COMMAND SYSTEM FUNCTION
4.1A,7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
4,1A.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION
4,.1A.7.4 PERFORM INTERFACES CHECK
4,1A.7.4.1 CHECK EXPERIMENTAL PACKAGE INTERFACE
4.1A.7.4,.2 CHECK SHUTTLE/PAYLOAU MECHANICAL [NTERFACES

4,1A.7.4.3 CHECK ELECTRICAL INTERFACES
4,.1A.7.5 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY
4.1A.7.5.1 ATTACH STRONGBACK TO PAYLOAD
4.1A.7.5.2 LOAD PAYLOAD INTO CANISTER
4.14.7.5.3 REMOVE STRONGBACK
4,.1A4.7.5.4 CLOSE CANISTER
4.1A.7.5.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
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4.1A.7.6 ORBITER/PAYLOAD INTEGRATION (’F POOR

4.1A.7.6.1 ATTACH STRONGBACK TO PAYLOAD

4.1A.7.6.2 INSTALL PAYLOAD IN ORBITER

4.1A.7.6.3 CONNECT ORBITER/®AYLDAD INTERFACES

4.1A,7.6.4 CHECK ELECTRICAL INTERFACES

4.1A.7.6.5 CLOSE-QUT PAYLOAD BAY

4.1A.7.6.6 INSTALLATION GF ORBITER PAYLOAD STATION CONSOLES
4.1A.7.6.7 INSTALLATION OF OMS KIT

4.1A.8 COUNTDOWN AND LAUNCH
4.1A.9 ORBITAL DEPLOYMENT AND CHECKOUT
4.1A.9.1 ORBITER/SP RENDEZVOUS AND CAPTURE
4.1A.9.1.1 DETERMINE CURRENT ORBITAL PARAMETERS
4.1A.9.9.2 DETERMINE CURRENT ATTITUDE
4.1A.8.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
4.1A.9.1.4 CHOOSE OPTIMAL TRA-!ECTORY
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An optimal trajectory for SP/MEC rendevous with the Shuttle consumes
minimum SP propellant, within flight-time constraints. The consequences of
micro-gravity levels induced from maneuvers and the possible sun-shielding
needs of other SP payloads must 8150 be considered.

Upon signal, the Space Platform will withdraw 1ts deployable solar arrays
and radiators. This action 18 necessary to pravent damage or loss of these
systems during SP orbftal maneuvers.
4.1A.9.1.6 RETRACT RADIATORS
4.1A,9,1.7 ORIENT THRUSTERS
4.1A.9.1.8 FIRE THRUSTERS
a

.1A.9.1.9 DRBITER AND SP VELOCITY AND TRAJE»TORY ADJUSTMENTS

Alignment and matchag before docking wi!I be accompl1shed with the
attitude control systems on both the Lt and the Orbiter.

4.14.9.1.10 OPEN PAYLDAP BAY POORS
4.1A.9.1.1 ACTIVATLZ DOCKING -.DAPTER
4.1A.9.1.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM

The SP will be sscured with the Orbiter docking adapter during payload
operations.

.13 SP BERTHING ON DOCKING ADAPTER

1.14 ACTIVATE RMS

EMOVE OLD SP PAYLOAD FROM TARGET BERTH

A payload occupying the Space Platform berth designated for the MEC must be
removed and stowad in the Orbiter cargo bay before MEC attachment to the
SP.

4.1A4,8.2.1 OPEN PAYLOAD BAY DOORS
4.1A.9.2.2 LOCATE GRASPING FIXTURE ON TARGET
4,.1A.8.2.3 GRASP FIXTURE
4.1A.9.2.4 RELEASE PAYLOAD RESTRAINTS
4.1A.9,2.5 STOW OLD PAYLOAD IN ORBITER
4.1A.9.3 DEPLOY NEW PAYLOAD FRUM PAYLOAD BAY
.1A.8.3.1 LOCATE NEW PAYLOAD
.1A,9.3.2 GRASP FIXTURE

4
4
4.1A.9.3.3 RELEASE PAYLOAD RESTRAINTS
4,1A.9.3.4 ATTACH NEW PAYLOAD TO SP

After sensory indication of interface alignment, the MEC is mated with the
SP docking berth.
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.1A,8.4 OPERATIONAL CHECKOUT
The systems’ Sstatus 15 observed after full deployment and systems
activation.
4,1A.9.4,1 ACTIVATE SUBSYSTEMS
4.1A.8.4.2 POWER SUBSYSTEM CHECKOUT
4.14.9.4.3 THERMAL SUBSYSTEM CHECKOUT
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INFORMATION PROCESSING SUBSYSTEM CHECKUULT
STRUCTURE SUBSYSTEM CHEGKOUT
COMMUNICATIONS SUBSYSTEM CHECKOUT
SP/PAYLOAD INTERFACE CHECKOUT
CONSUMABLES LEVELS CHECKOUT
COMPARE MEASURED DATA TO MODEL
IFY DEFECTIVE COMPONENT
DETERMINE ANOMALOUS DATA
FORM HYPOTHESIS FOR PROBLEM
DEVISE TEST FOR FAJLURE HYPDTHESIS
PERFORM TEST FOR FAILURE HYPOTHESIS
IDENTIFY FAULTY COMPONENT
IFY DEFECITVE SOFTWARE
COMPARE MEASURED DATA TO MODEL
4,1A,8.6,2 DETERMINE ANODMALOUS DATA
4.1A.9.6.3 FORM HYPOTHESIS FOR PROBLEM
4,.1A.9.6,4 DEVISE TEST FOR FAILURE MYPOTHESIS
4,1A.9,.6.9 PERFORM TEST FOR FAILURE HYPOTHESIS '
4.1A.9,7A COMPDNENT FAILURE RECOVERY (REDUNDANCY)
4.1A.8.7A.1 SWITCH OUT FAULTY COMPONENT
4.1A.9.74.2 SWITCH IN REDUNDANT COMPONENT
4.1A.9.7A.3 MAKE DIAGNOSTIC CHECKYH
4.14.8.7A.4 UPDATE SPACECRAFT MODEL
4.1A.9.78 COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)
4,1A.8,7B.1 DEFINE ACCESS SEQUENCE
4,1A.9.78.2 LOCATE ACCESS PANEL
. 4.1A.9,78.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
4,.1A.8.78.4 OPEN ACCESS PANEL
4.1A.8.7B.5 OBSERVE/LOCATE DEFECT)VE COMPONENT
4.1A.9.78.6 REMOVE COMPONENT
4.1A.8,78.7 STORE COMPONENT
4.1A.9.78.8 LDCATE NEW COMPONENT
4,1A.9.78.8 POSITION AND CONNECT NEW COMPONENT
4.1A.9.78.10 ADJUST COMPONENT
4.1A.9.78.11 MAKE DIAGNOSTIC CHECKS
4.1A.9.78.12 CLOSE ACCESS PANEL
4.1A,9.78.13 STOW REPAIR EQUIPMENT
4.1A.9.7B.14 UPDATE SPACECRAFT MODEL
4,.1A.9,8 SOFTWARE FAILURE RECOVERY
4.1A.9.8.1 DETERMINE CORRECTION ALGORITHM
4,.1A.9.8.2 DATA/COMMAND ENCODING
4.14.,9.8.3 DATA/COMMAND TRANSMISSION
4.1A.9 8.4 COMPUTER FUNCTION CHECKS
4,.1A.9.9 SEPARATION OF SP FROM ORBITER
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4.1A.9.9.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLDAD CONTROL

.1A.9.9.2 UNDOCKING OF DRBITER FROM SP
L1A,9.9.,3 DETERMINE CURRENT ORBITAL PARAMETERS
.1A.9.9.4 DETERMINE CURRENT ATTITUDE
,1A,9.8.5 DETERMINE DESIRED ORBITAL PARAMETERS
.1A.8.9.6 CHOOSE OPTIMAL TRAJECTORY
.1A.9.9.7 RETRACT SOLAR ARRAYS
.14.8.9.8 RETRACT RADIATORS
.1A.9.9.9 ORIENT THRUSTERS
.1A4.9.9.10 FIRE THRUSTERS
,1A.8.9.11 ACTIVATE SUBSYSTEMS
.1A.9.9,.12 POWER SUBSYSTEM CHECKOUT
.1A.9.9,13 THERMAL SUBSYSTEM CHECKOUT
.1A,9.9,14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
.1A.9.9,15 STRUCTURE SUBSYSTEM CHECKOUT
4,1A.9.9,16 COMMUNICATIONS SUBSYSTEM CHECKOUT
4.1A.9.9,17 SP/PAYLOAD INTERFACE CHECKOUT
4,1A.9.9.18 CONSUMABLES LEVELS CHECKOUT
4.1A.8.9,19 COMPARE MEASURED DATA TO MODEL
4,1A.9.9.20 DEPLOY SOLAR ARRAYS
4,1A.8.8.21 DEPLOY RADIATORS
4,1A,.10 STATUS MONITORING AND RESOURCE ALLOCATION
This is primarily allocation of power and thermal dump capacity.
Expariments provide their own materials, but must share power and tharmal
systems. Resource allocation {s a scheduling procedure to prevent overload
of the power and thermal subsystems.
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4. 1A.1° 1 TEMPERATURE MAMAGEMENT
4. %A 10. % 1 MEASURE CAMPENENT TEMPERATURES
4 1A.10.1.2 COMPARE TEMPERATURE TO REQUIRED LIMITS
4. 1A 10. 1.3 ADJUST COCLING/HEATING SYSTEWS
4. 14 10.2 POWER MANAGEMENT
1A.10.2 1 MEAGURE CURRENTS AND VOLTAGES
C1A.10.2.2 COMPARE CUKRRENTS AND VOLTAGES TO REQUIRED LIMITS
1A 10.2 3 EVALUATE BATTERY CHARGING PERFORMANCE
4A10.2. 4 ADJUST CURRENTS AND VOLTAGES
1A 10.2.95 ADJUST BATTERY CHARGING CYCLE
4.1A.10.3 DATA/COMMAND PROCESSING

bbbb&

d 1A.10.3. 1 SHORT=-TERM MEMORY STORAGE
4.1A.10.3.2 LONG-TERM MEMORY STORAGE
4.4A 10.3.3 DATA/COMMAND ENCODING
4.1A.10.3.4 DATA/COMMAND DECUDING
4.1A 10.3.95 NUMERICAL COMPUTATION

4 14.10.3.6 LOGIC OPERATIONS

4 1A.10.3 7 COMPUTER LOAD SCHEDULING
4.1A . 10.3.8 COMPUTER FUNCTION CHECKS

4..A.10.4 CONSUMABLES MANAGEMENT

Many onboard experiments require cupplies of cryogens or materials for
operation which must be pericdically replaced. If a supply s depleted
faster than expocted, 1ts storage-monitoring device signals thut the supply
15 low. It may also predict 1n advance that o supply will be depleted.

MONITOR GAS SUPPLIES

MONITOR PROPELLANT SUPPLIES

MONITOR COOLING SYSTEM SUPPLIES

PROJVECT CONSUMAELES REQUIREMENTS FROM MiSSION PROFILE
. COMPUTE OPTIMAL CONGUMABLES ALLOCATION

10 5 STRUCTURAL MANAGEMENT

. 1A 10, MEASURE STRAINS IN STRUCTURE |

MEASURE RELATIVE DISPLACEMENTS

COMPUTE STREGS AND VIBRATION PARAMETERS
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. APPLY COMPENSATING FORCES
1A .10, APPLY VIERATION DAMPING
4. 10 6 HAZARD AVOIDANCE
A.10.6. 1 AVDID TANK OVERPRESSURES
1A 10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS

A.10.6.3 MONITOR MICRO-GRAVITY LEVELS
1A 10.6 .4 MAINTAIN COMMUNICATION LINKS
.4A 10.6 .5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
4 1A.10.7 OPTIMAL SEZQUENCING
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Prog~ess of each oxperiment relotive to the planned mission should be
monitored, and notification given to the principal investigator {f time
delays caused by mechanical or other problems will cause stationkeeping or
other maneuvers to overlap with an experiment in progress. If necessary,
experiments may be rescheduled to allow for these problems.
4 7.1 UPDATE SPACECRAFT MODEL
4. .7.2 PROJECT DESIRED FUNCTIONS FROm MISSION PROFILE
4.1A.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
4 7 4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
4. .7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
4 1A 10. COMPUTE OPTIMAL SEQUENCING
4.14.10.8 IDENTIFY DEFECTIVE COMPONENT
4.1A.1o 8.1 DETERMINE ANOMALOUS DATA
4.1A.10.8.2 FORM HYPOTHESIS FOR PROBLEM
4,.1A.10.8 REPORT SYSTEMS STATUS
A.10.8.1 DATA/COMMAND ENCODING
.1A.10.9.2 DATA/COMMAND TRANSMISSION
4.1A.10.9.3 DAYA/COMMAND DECODING
4 1A.10.9.4 DATA/COMMAND DISPLAY
4.1A.11A PRE-EXPERIMENT OPERATIONS (SOLIDS)
4 1A.11A.1 TRANSFER SAMPLE FROM STORAGE TO FURNACE
4. 1A . 11A. 1.1 IDENTIFY SHAPE, SIZE IN BIN
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Each EP will tnclude 1ts own uniquely shaped and marted samples.
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4,1A.11A,1.2 MATCH WITH SAMPLE MODEL

4.1A.11A.1.3 POSITION MANIPULATOR (ON RAILS)
The grasping apparatus wil)l be moved t0 a preset location in the sample
storage bay,

4,1A,11A.1.4 GRASP SAMPLE

4.1A.11A.1.5 TRANSPORT SAMPLE TO EXPERIMENT AREA

4.1A.11A.1.6 OPEN HOLDER

4 1A . 11A.1.7 INSERT SAMPLE

a,1A.11A.1.8 CLOSE HOLDER

4.1A.137A.2 ACTIVATE PAVLOAD SPECIFIC INSTRUMENTATION

Examples: high-temperature-rated 50und frequency sensors (for acoustic
containeriess metals procassing), or ultraprecistion thermocouples (for
solution crystal growth).

4.1A.11A.2.1 ACTIVATE FAIL-SAFE SUBSYSTEM(S)

4,1A.11A.2.2 CHECK ALIGNMENT WITH ALIGNMENT CRITERIA
Input from contact-sensors in the sample~ ho1der should be ccmpared with the
specified "world-model" input,.

A preset atmosphere (or vacuum) should be achieved in the furnace before
axpar imental operations begin.
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4.1A.11A.2.4 ACTIVATE EXPERIMENTAL PROCESS SPECIFIC EQUIPMENT
4.1A,.11A.3 PROVIDE THERMAL CONTROL FOR PROCESSES
4,1A.11A,3.1 MEASURE COMPONENT TEMPERATURE
4.1A,.11A.3.2 COMPARE TEMPERATURE TO REQUIRED LIMITS
4.1A.11A.3.3 ACTIVATE FURNACE TEMPERATURE-MAINTAINING UNIT
4.1A.11A.4 ANALYZE RESIDUAL GAS
The presence of sample~material molecules and any possible chemical
rgactants sround the sample in the furnaco must ba confirmed and maasur
before beginning the experimental process.
4.1A.11A.4.,1 INITIATE GAS ANALYZER OPERATION
4.1A.11A.4.2 RECORDING AND ON-BOARD STORAGE OF DATA
4.1A.12A CONDUCT PAYLOAD-SPECIFIC EXPERTMENT (SOLIDS)
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Currently, the specific experiment could be one of:

[
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Advanced Solidification Expariments
High~-Gradient Directional Solidification
Float Zone processing

Acoustic Containerless processing
Electromagnetic Containerless processing
Electrostatic Containerless processing
Vapor Crystal Growth

30lution Crystal Growth

Unique Payloads

4.1A,12A.1.1 MEASURE EXPERIMENTAL DATA, WITH SPEC. INSTRUMENTATION
4.1A.12A.1.2 RECORDING AND NON~BOARD STORAGE OF DATA
4.1A.13A POST-EXPERIMENT OPERATIONS (SOLIDS)
4.1A.13A.1 CONCLUDE EXPERIMENT
4,1A.13A. 1.1 COOL SAMPLE
4.1A.13A.1.2 ADJUUST FURNACE PRESSURE TO SAFE LEVEL
4.1A.13A.2 TRANSFER SAMPLE FROM FURNACE TO STORAGE

4.1A.13A.2.1 GET SAMPLE WITH SAMPLE HOLDER
4,.1A.13A.2.2 REMDVE SAMPLE FROM FURNACE
4.1A.13A.2.3 RELEASE SAMPLE FROM SAMPLE HDLDER
4.1A.13A.2.4 REMOVE SAMPLE FROM HOLDER
4.1A.13A.2.5 TRANSPORT SAMPLE TO STORAGE BIN
4.1A,13A.2.6 RELEASE SAMPLE IN BIN

4.1A.13A.3 SHUTDOWN OPERATIONS
4.1A.13A.3.1 PURGE GASES FROM FURNACE
4.1A.13A.3.2 BAKEOUT FURNACE
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4.1A.13A.3.3 REPROGRAM PROCESS SET-PDINTS AND CONTROLS
4 1A.11R PRE-EXPERIMENT OPERATIONS (FLUIDS)

L e e e N L R e T L L LY L L L

Each EP wil) inglude 115 own means of identifying (by ph, density, etc.)
fluid sample materials and products.

{

Samploc proparation might include heating it to a preset tomperature,
pressurizing the sample Storage chambor, or 1 2ting a
hand) ing- faci\itatton agent prior to mixing 1t with the processing media,
4.1A. 118.2 ENVIRONMENT 1S CONTROLLED, CAREFULLY MONITORED
4.1A.11B.2 . ¢ DEFRDST LIVE CELLS
4.1A.11B,2.2 SUFPLY NUTRIENTS AND GASES
4.1A.11B.2.3 REMOVE ORGANIC WASTES
4.1A.118.3 PREPARE SYSTEM FLOW CONDITIONS

Prior to sample injection into the experimental chamber. apprepriate
retative pressures mnust be maintained 1n the chamber and sample storage
aran. System temperatures must be at nominal values, and all necessary
pumps and valves must be tactivatoed.

4. 1A.118.4 INJECT SAMPLE INTQ CHAMBER
4.1A.11B. 4.1 PUMP SAMPLE INTO CHAMBER
4.1A,11B.4.2 PUMP MEDIA FLUID INTO CHAMBER

4.1A.11B.5 ACTIVATE INSTRUMENTATION

4.1A.12E CONDUCT PAYLOAD-SPECIFIC EXPERIMENT (FLUIDS)
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Currently, the specific experiment could be one of:

Vapor Crystal Growth
Solution Crystal Groewth
Bioprocessing
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4.1A.12B. 1.1 MEASURE EXPERIMENTAL DATA, WITH SPEC. INSTRUMENTATION
C1A.12B.1.2 RECORDING AND ON-BODARD STORAGE OF DATA
4.1A.13B POST-EXPERIMENT OPERATIONS (FLUIDS)
4.1A. 1386 1 COLLECY FRACTIONS
4.14.138.2 SAMPLE DATA MANAGEMENT AND MONITORING
4.195.138.2. 1 TRANSMIT DATA TO GROUND PROCESSING CENTER
4.1A.13B.2.2 WHEN SPECIFIED GROWTH PARAMS. REACHED, PREPARE SAMPLE FOR RETURN
4.1A.138.3 SHUTDOWN OPERATIONS
4.1A.138.3.1 STORE PRIOUCTS IN A CONTROLLED ENVIRONMENT FOR RETURN
4.1A.138.3.2 FILUSH SYSTEM WITH BIOCIDE, PRIOR TO NEXT CYCLE
4.1A.14 RETRIEVAL BY ORBITER
4.1A.14.1 ORBITER/SP RENDEZVOUS AND CAPTURE

4.1A.14.1.1 DETERMINE CURRENT ORBITAL PARAMETERS

4 1A.14.1.2 DEVERMINE CURRENT ATTITUDE

4.1A.14.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
4.1A.14.1.4 CHOOSE OPTIMAL TRAJECTORY

4.1A.14.1.5 RETRACT SOLAR ARRAYS

4.1A.14.1.6 RETRACT RADIATORS

4.1A.14.1.7 ORIENT THRUSTERS

4. 1A.14.1.8 FIRE THRUSTERS

4.1A.14.1.9 DRBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS
4.1A 14.1.10 OPEN PAYLOAD BAY DOORS

4.1A.14.1.11 ACTIVATE DOCKING ADAPTER

4.1A.14.1.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
4.1A 14.1.13 SP BERTHING ON DOCKING ADAPTER

4.1A.14.1.14 ACTIVATE RMS

4.1A.14.2 PAYLOAD WITHTRAWAL FROM SP

4.1A.14.2.1 SP INTERFACE WITH PAYLOAD IS SHUTDOWN
4.1A.14.2.2 PAYLOAD INTERNAL POWER ACTIVATED
4.1A.14.2.3 LOCATE GRASPING FIXTURE ON TARGET
4.1A.14.2.4 GRASP FIXTURE
4.1A.14.2.5 RELEASE PAYLOAD RESTRAINTS
4.1A.14.2.6 TRANSLATE PAYLDAD TO CRADLE
4.1A.14 2.7 FASTEN PAYLOAD RESTRAINTS

4.1A.14.3 SHUTTLE/PAYLOAD INTEGRATION AND TESTING
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4.1A.14.3,1 ORBITER/PAYLOAD INTEGRATION CHECKOUT
4,1A.14,3.2 CLOSE PAYLOAD BAY DOORS
4.1A,14.4 SEPAATION OF SP FROM ORBITER
4.1A.14,4, ¢ TRANSFER OPERATIOMAL CONTROL FROM MISSION TO PAYLOAD CONTROL
4.1A.14,4.2 UNDOCKING OF ORBITER FROM SP
4.1A,.14.4,3 DETERMINE CURRENT ORBITAL PARAMETERS
4,1A.14.4,4 DETERMINE CURRENT ATTITUDE
4,1A.14.4,5 DETERMINE DESIRED ORBITAL PARAMETERS
4.1A.14.4,6 CHOOSE OPTIMAL TRAJECTORY
4,1A,14.4.7 RETRACT SOLAR ARRAYS
4.1A.14.,4.8 RETRACT RADIATORS
4,1A,14.4.9 ORIENT THRUSTERS
4.1A.14.,4,10 FIRE THRUSTERS
4.1A.14.4, 11 ACTIVATE SUBSYSTEMS
4.1A.14,4.12 POWER SUBSYSTEM CHECKODUT
4.1A.14.4,13 THERMAL SUBSYSTEM CHECKOUT
4,.1A.14.4,14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
4,1A.14.4.15 STRUCTURE SUBSYSTEM CHECKOUT
4,1A.14.4,16 COMMUNICATIONS SUBSYSTEM CHECKOUT
4,.1A.14,4,17 SP/PAYLOAD INTERFACE CHECKQUT
4.1A.14.4,18 CONSUMABLES LEVELS CHECKOUT
4.1A.14,4,19 COMPARE MEASURED DATA TO MODEL
4.1A.14.4,20 DEPLOY SOLAR ARRAYS
4.1A.14.4.21 DEPLOY RADIATORS
4.1A.15 RE-ENTRY AND LANDING OF ORBITER
4.1A. 16 POST-FLIGHT OPERATIONS
4,1A.16.1 SAFING CF ORBITER AND HAZARDOUS PAYLOADS
4.1A.16.2 REMOVAL OF PAYLOADS FROM DF3ITER
.1A.16.2.1 OPEN PAYLOAD BAY DOORS
.1A.16.2.2 PRIORITY REMOVAL OF TIME-CRITICAL ITEMS
.1A.16,2.3 ATTACH STRONGBACK TO PAYLOAD
.1A.16.2.4 LOAD PAYLOAD INTO CANISTER
.1A.16.3 PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY

PN NP -y A -

4.18 MATERIALS EXPERIMENT CARRIER (SERVICED, MULT!-SORTIE)

4.18.1 DESIGN

4.i8.7.1 DEFINE REQUIREMENTS

4,1B8.1.2 SELECT EXPERIMENTAL PACKAGES
4.18.1.3 MISSION ANALYSIS

4.18.1.4 PAYLOAD ACCOMODATIONS
4,1B.1.5 CREATE FUNCTIONAL LAYOUT
4.1B.1.6 CREATE MECHANICAL LAYOUT

4,18.2 COMPONENT FABRICATION

.1B.2.1 PROCURE OFF~THE~SHELF COMPONENTS

.18.2.2 PROCURE MATERIALS FOR MANUFACTURE OF COMPONENTS
,1B.2.3 PROCURE MANUFACTURING EQUIPMENT

.18.2.4 MANUFACTURE COMPONENTS

4.1B.3 COMPONENT TEST

bbbb

4.48.3.,1 SET UP TEST FACILITIES

4.18B.3.2 STRUCTURAL LOADS TESTS

4,18.3.3 DATA PROCESSING AND SOFTWARE TESTS
4,1B.3.4 SOLAT ARRAY DEPLOYMENT TESTS
4,18.3.5 CHILCK RF PATTERN

4.18.3.6 ELACTRICAL SYSTEMS TESTS

4,4B.3.7 THERMAL AND VACUUM TESTS

4,4B.3.8 COMPONENT CERTIFICATION

4.1B.4 SYSTEM INTEGRATION
4,1B.4.1 RECEIVE AND SORT COMPONENTS
4.1B.4.2 POSITION AND ORIENT COMPONENY
4,18.4.3 ATTACH COMPONENTS
4.1B.5 SYSTEM TEST
.18.5.1 POWER SUBSYSTEM TEST
.1B.5.2 THERMAL SUBSYSTEM TESTS
.1B8.5.3 INFORMATION PROCESSING SUBSYSTEM TESTS
.18.5.4 STRUCTURE SUBSYSTEM TESTS
.1B.5.5 COMMUNICATIONS SUBSYSTEM TESTS
.18.5.6 ANALYZE PERFORMANCE DATA
.1B.5.7 REPEAT CONSTRUCTION/CHECKOUT CYCLE UNTIL O.K.
4.18. 6 PAYLOAD INSTALLATION AND TRANSPORT
4.18.6.1 INSTALLATION OF EXPERIMENTAL PACKAGES
4,1B.6.2 TESTING AT INTEGRATION SITE
4.18.6.3 REMOVE TEST EQUIPMENT

bbbhhbb
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4.18.6.4
4.18.6.5
4.18.6.6

00R
.1B.7 DRBITER/PAYLOAD INTEGRATION AND CHECKOUT QU@LI""‘,’

4.18.7.1
4.18.7.2
4.18.7.3

4.18.

4.18
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7.
TR
7.
7.
7.
7.
.7,
OR
7
7
7
7
7

7.

PERFORM NECESSARY DISASSEMBLY @'é&?(,.;fmas
PACKING OF tipes
TRANSPORT TO LAUNCH SITE )

UNPACKING

PERFORM NECESSARY REASSEMBLY
INTEGRATED SYSTEMS TESTS

7.3.1 VERIFY POWER SYSTEM FUNCTION

.7.3.2 VERIFY COMMAND SYSTEM FUNCTION
4.18.

.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION

7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION
PERFORM INTERFACES CHECK

.7.4.1 CHECK EXPERIMENTAL PACKAGE INTERFACE
.7.4.2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES

4.3 CHECK ELECTRICAL INTERFACES
NSFER PAYLOAD TO ORBITER PROCESSING FACILITY

.1 ATTACH STRONGBACK TO PAYLOAD
.2 LOAD PAYLOAD INTO CANISTER
.3 REMOVE STRONGBACK
.4 CLOSE CANISTER
5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
ER/PAYLOAD INTEGRATION

ATTACH STRONGBACK TO PAYLOAD

INSTALL PAYLOAD IN ORBITER

CONNECT ORBITER/PAYLOAD INTERFACES

CHECK ELECTRICAL INTERFACES

CLOSE-OUT PAYLOAD BAY

INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
INSTALLATION OF OMS KIT

mmmmmmmmmwwmm»
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.18.8 COUNTDDWN AND LAUNCH
.1B 9 ORBITAL DEPLOYMENT AND CHECKOUT

.1B.9.
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4.18B. 9 2

bhbbb

4.1B 9 3

-
4.1B.

18.
.1B.
.1B.
1B,
-iB.
B
1B
.1B.
.18,
.18,
B
.1B.
.18,

1B,

.18
.1B.
.1B.
.1B.

.1B.
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ORBITER/SP RENDEZVOUS AND CAPTURE

.1.1 DETERMINE CURRENT ORBITAL PARAMETERS
1 DETERMINE CURRENT ATTITUDE

1 DETERMINE DESIRED ORBITAL PARAMETERS
1 CHOQSE OPTIMAL TRAJECTORY

i RETRACT SOLAR ARRAYS

1 RETRACT RADIATORS

1 ORIENT THRUSTERS

1 FIRE THRUSTERS

. 1.9 DRBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS
1

1

1

1

1

M

VDIV DdDLN

.10 OPEN PAYLOAD BAY DOORS

.11 ACTIVATE DOCKING ADAPTER

.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
.13 SP BERTHING ON DOCKING ADAPTER

.14 ACTIVATE RMS

OVE OLD SP PAYLOAD FROM TARGET BERTH

.2.1 OPEN PAYLDAD EAY DOORS

.2.2 LOCATE GRASPING FIXTURE ON TARGET

.2.3 GRASP FIXTURE

.2.4 RELEASE PAYLOAD RESTRAINTS

.2.5 STOW OLD PAYLOAD IN ORBITER

EPLOY NEW PAYLOAD FROM PAYLOAD BAY

.3.1 LOCATE NEW PAYLOAD

.3.2 GRASP FIXTURE

.3 RELEASE PAYLOAD RESTRAINTS

4 ATTACH NEW PAYLOAD TO SP

ATIONAL CHECKOUT

.1 ACTIVATE SUBSYSTEMS

2 POWER SUBSYSTEM CHECKOUT

3 THERMAL SUBSYSTEM CHECKOUT

4 INFORMATION PROCESSING SUBSYSTEM CHECKOUT

5 STRUCTURE SUBSYSTEM CHECKOUT

6 COMMUNICATIONS SUBSYSTEM CHECKOUT

.7 SP/PAYLOAD INTERFACE CHECKOUT

.8 CONSUMABLES LEVELS CHECKOUT
8
NT
1
2
3
4

E

COMPARE MEASURED DATA TO MODEL

IFY DEFECTIVE COMPONENT

DETERMINE ANOMALOUS DATA

FORM HYPOTHESIS FOR PROBLEM

DEVISE TEST FOR FAILURE HYPOTHESIS
PERFORM TEST FOR FAILURE HYPOTHESIS

.3
<
PER
4
4
4
4
4.
4.
4
4
4
DEN
5.
.5.
. 5.
5.
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4.1B.9.5.5 IDENTIFY FAULTY COMPONENT
4,18.9.6 IDENTIFY DEFECITVE SOFTWARE
4,18.9.6.1 COMPARE MEASURED DATA TO MODEL
4.18.9.6.2 DETERMINE ANOMALOUS DATA
4,.18,9.6.3 FORM HYPOTHESIS FOR PROBLEM
4.18.9.6,4 DEVISE TEST FOR FAILURE HYPOTHESIS
4.1B.9.6.5 PERFORM TEST FOR FAILURE HYPOTHESIS
4.18.8.7A CUMPONENT FAILURE RECOVERY (REDUNDANCY)
4.18.9.7A.1 SWITCH OUT FAULTY COMPONENT
4.1B,9,7A.2 SWITCH IN REDUNDANT COMPONENT
4,1B,9.7A.3 MAKE DIAGNOSTIC CHECKS
4.1B.9.7A.4 UPDATE SPACECRAFT MODEL
4.1B.9.7B COMPONENT FAILURE RECOVERY (ON~BOARD REPAIR)
4.18.9.78.1 DEFINE ACCESS SEQUENCE
4.1B.9.7B.2 LOCATE ACCESS PANEL
4.18,98.78.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
4.18.9.78B.4 OPEN ACCESS PANEL
4,1{B.9.7B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
4.18.9.78.6 REMOVE COMPONENT
4.18.9.78B.7 STORE COMPONENT
4,18,9,78.8 LOCATE NEW COMPONENT
4.18.8.78B.9 POSITION AND CONNECT NEW COMPONENT
4.18,9.78,10 ADJUST COMPONENT
4,18.9.78.11 MAKE DIAGNOSTIC CHECKS
4.18,9.78.12 CLOSE ACCESS PANEL
4,1B.9.78.,13 STOW REPAIR EQUIPMENT
4.1B.9.78B.14 UPDATE SPACECRAFT MODEL .
4.18.9.8 SOFTWARE FAILURE RECOVERY
4 18.9.8.1 DETERMINE CORRECTION ALGORITHM
4.18.9.8,2 DATA/COMMAND ENCODING
4,18.9.8.3 DATA/COMMAND TRANSMISSION
4.18.9.8.4 COMPUTER FUNCTION CHECKS
EPARATION OF SP FROM ORBITER
1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL
2 UNDOCKING OF ORBITER FROM SP
3 DETERMINE CURRENT ORBITAL PARAMETERS
4 DETERMINE CURRENT ATTITUDE
.5 DETERMINE DESIRED ORBITAL PARAMETERS
6 CHODSE OPTIMAL TRAUECTORY
7 RETRACT SOLAR ARRAYS
8 RETRACT RADIATORS
9 ORIENT THRUSTERS
.10 FIRE THRUSTERS
ACTIVATE SUBSYSTEMS
.12 POWER SUBSYSTEM CHECKOUT
.13 THERMAL SUBSYSTEM CHECKOUT
.14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
.15 STRUCTURE SUBSYSTEM CHECKOUT
.16 COMMUNICATIONS SUBSYSTEM CHECKOUT
.17 SP/PAYLOAD INTERFACE CHECKOUT
.18 CONSUMABLES LEVELS CHECKOUT
.19 COMPARE MEASURED DATA TO MODEL
. .20 DEPLOY SOLAR ARRAYS
.18.8.9.21 DEPLOY RADIATORS
.18.10 STATUS MONITORING AND RESOURCE ALLOCATION
4.18.10.1 TEMPERATURE MANAGEMENT
4.1B.10.1.1 MEASURE COMPONENT TEMPERATURES
4.1B.10.1.2 COMPARE TEMPERATURE TO REQUIRED LIMITS
4.1B.10.1.3 ADUUST COOLING/HEATING SYSTEMS
4.1B.10.2 POWER MANAGEMENT
4.18.10.2.1 MEASURE CURRENTS AND VOLTAGES

S
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4.18.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS

4.18.10.2 3 EVALUATE BATTERY CHARGING PERFORMANCE

4.18.10.2.4 ADJUST CURRENTS AND VOLTAGES

4.1B.10.2.5 ADUUST BATTERY CHARGING CYCLE
4.18.10.3 DATA/COMMAND PROCESSING

4.48.10.3.1 SHORT-TERM MEMORY STORAGE

4,1B.10.3.2 LONG-TERM MEMORY STORAGE

4.1B.10.3.3 DATA/COMMAND ENCODING

4.1B.10.3.4 DATA/COMMAND DECODING

4.1B.10.3.5 NUMERICAL COMPUTATION

6

4.18,10.3.6 LOGIC OPERATIONS
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4.
4.

4.1B.

ORIGINAL Bres kS

le;xa &I
18.10.3.7 COMPUTER LOAD SCHEDULING OF POOR QUALITY
1B.10.3.8 COMPUTER FUNCTION CHECKS
10.4 CONSUMABLES MANAGEMENT

4.18.10.4.1 MONITOR GAS SUPPLIES

4.
4,
4.
4.
B,10.5 STRUCTURAL MANACEMENT
4,
4,

P N O N

4.18B.

AbhHbdN

4.1B.
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1B.10.4.2 MONITOR PROPELLANT SUPPLIES

18.10.4.3 MONITOR COOLING SYSTEM SUPPLIES

18.10.4.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
18.10.4.5 COMPUTE OPTIMAL CONSUMABLES ALLOCATION

1B.10.5.1 MEASURE STRAINS IN STRUCTURE

18.10.5.2 MEASURE RELATIVE DISPLACEMENTS

.18.10.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS

.1B.10.5.4 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS
.18.10.5.5 APPLY COMPENSATING FORCES

.1B8.10.5.6 AFPLY VIBRATION DAMPING

10.6 HAZARD AVOIDANCE

“1B.10.6.1 AVOID TANK OVERPRESSURES

.1B.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS
.1B.10.6.3 MONITOR MICRO-GRAVITY LEVELS
.1B.10.6.4 MAINTAIN COMMUNICATION LINKS
.1B8.10.6.5 AVDID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
10.7 OPTIMAL SEQUENCING
.18.10. UPDATE SPACECRAFT MODEL
.18.10. PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
.1B. 10, ESTIMATE RISKS FROM DESIRED FUNCTIONS
.1B.10. PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.1B.10. DETERMINE CONSTRAINTS AND FIGURES OF MERIT
.18.10. COMPUTE OPTIMAL SEQUENCING
10 8 IDENTIFY DEFECTIVE COMPONENT
1B.10.8.1 DETERMINE ANOMALOUS DATA

\l\l\l\l\l\l
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4.18.10.8.2 FORM HYPOTHESIS FOR PROBLEM

4.1B,

10.8 REPORT SYSTEMS STATUS

4.18.10.9.1 DATA/COMMAND ENCODING

4.
4.
4.

18.10.9.2 DATA/COMMAND TRANSMISSION
1B.10.9.3 DATA/COMMAND DECODING
1B.10.9.4 DATA/COMMAND DISPLAY

4.1B.11A PRE-EXPERIMENT OPERATIONS (SOLIDS)

4.1B.11A.1 TRANSFER SAMPLE FROM STORAGE TO FURNACE
4.18.11A.1.1 IDENTIFY SHAPE, SIZE IN BIN
4.1B.11A.1.2 MATCH WITH SAMPLE MODEL
4.1B.11A.1.3 POSITION MANIPULATOR (ON RAILS)
4.1B.11A.1.4 GRASP SAMPLE
4.1B.11A.1.5 TRANSPORT SAMPLE TO EXPERIMENT AREA
4.1B.11A.1.6 OPEN HOLDER
4.1B.11A. 1.7 INSERT SAMPLE
4,.1B.11A. 1.8 CLOSE HOLDER

4.18.11A.2 ACTIVATE PAYLOAD-SPECIFIC INSTRUMENTATION
4.1B.11A.2.1 ACTIVATE FAIL-SAFE SUBSYSTEM(S)
4.1B.11A.2.2 CHECK ALIGNMENT WITH ALIGNMENT CRITERIA
4.18.11A.2.3 SET (OR EVACUATE) FURNACE ATMOSPHERE
4.1B.11A.2.4 ACTIVATE EXPERIMENTAL PROCESS SPECIFIC EQUIPMENT

4.1B.11A.3 PROVIDE THERMAL CONTROL FOR PROCESSES

4.

1B,11A.3.1 MEASURE COMPONENT TEMPERATURE

4,.1B.11A.3.2 COMPARE TEMPERATURE TO REQUIRED LIMITS
4.1B.11A.3.3 ACTIVATE FURNACE TEMPERATURE-MAINTAINING UNIT

4.1B.
4

11A.4 ANALYZE RESIDUAL GAS
.i1B.11A.4.1 INITIATE GAS ANALYZER OPERATION

4.1B.11A.4.2 RECORDING AND ON-BOARD STORAGE OF DATA
4,.1B.12A CONDUCT PAYLOAD-SPECIFIC EXPERIMENT (SOLIDS)

4

1B, 12A.1.1 MEASURE EXPERIMENTAL DATA, WITH SPEC. INSTRUMENTATION

4.18.12A.1.,2 RECORDING AND ON-BDARD STORAGE OF DATA

4.18.134
4.1B.

POST-EXPERIMENT OPERATIONS (SOLIDS)
13A.1 CONCLUDE EXPERIMENT

4.1B,13A.1.1 COOL SAMPLE
4.1B.13A.1.2 ADJUST FURNACE PRESSURE TO SAFE LEVEL

4,1B.

AEDDHLDHDD

13A.2 TRANSFER SAMPLE FROM FURNACE TO STORAGE
.1B.134A. GET SAMPLE WITH SAMPLE HOLDER
.1B. 134, REMOVE SAMPLE FROM FURNACE
.1B.13A. RELEASE SAMPLE FROM SAMPLE HOLDER
.1B.134A. REMOVE SAMPLE FROM HOLDER
.1B.13A. TRANSPORT SAMPLE TO STORAGE BIN
.1B.13A. RELEASE SAMPLE IN BIN
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4.18.13A.3 SHUTDOWN OPERATIONS
4,18.13A.3.1 PURGE GASES FROM FURNACE
4,18.13A.3.2 BAKEOUT FURNACE
4,.18.13A.3.3 REPROGRAM PROCESS SET-POINTS AND CONTROLS
4.18.11B PRE-EXPERIMENT OPERATIONS (FLUIDS)
4.1B.11B.1 PREPARE SAMPLE (AS REQUIRED)
4.1B.11B.2 ENVIRONMENT IS CONTROLLED, CAREFULLY MONITORED
4.18.11B.2.1 DEFROST LIVE CELLS
4,.18.118.2.2 SUPPLY NUTRIENTS AND GASES
4.1B.11B.2.3 REMOVE ORGANIC WASTES
4,18,118.3 PREPARE SYSTEM FLOW CONDITIONS
4,1B.11B.4 INJECT SAMPLE INTO CHAMBER
4.18.118.4.1 PUMP SAMPLE INTO CHAMBER
4.1B.11B.4.2 PUMP MEDIA FLUID INTO CHAMBER
4,.18,11B8.5 ACTIVATE INSTRUMENTATION
4.18.128 CONDUCT PAYLOAD-SPECIFIC EXPERIMENT (FLUIDS)
4.18.12B.1.1 MEASURE EXPERIMENTAL DATA, WITH SPEC., INSTRUMENTATION
4.18.12B.1.2 RECORDING AND ON-BOARD STORAGE OF DATA
4.1B.13B POST-EXPERIMENT OPERATIONS (FLUIDS)
4.1B.13B.1 COLLECT FRACTIONS
4,1B,13B.2 SAMPLE DATA MANAGEMENT AND MONITORING
4.1B.138.2.1 TRANSMIT DATA TO GROUND PROCESSING CENTER
4.18.138.2.2 WHEN SPECIFIED GROWTH PARAMS, REACHED, PREPARE SAMPLE FOR RETURN
4,.18,13B.3 SHUTDOWN OPERATIONS
4,18.13B.3.1 STORE PRODUCTS IN A CONTROLLED ENVIRONMENT FOR RETURN
4.18.13B.,3.2 FLUSH SYSTEM WITH BIOCIDE, PRIOR TO NEXT CYCLE
4.18.14 SERVICING AND RESUPPLY
4,1B.14.1 PRE-RENCEZVOUS PREPARATIONS
4.1B.14.1.1 SEND GROUND SIGNAL TO SP TO BEGIN SERV. SEQ.
4,1B.14.1.2 REDUCE POWER TO SUBSYSTEMS
Power to tha MEC's subsystems must be reduced in anticipation of switching
to internal battery power from the external power supply, as the Space
Platform retracts {ts solar arrays,
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4.18B.14 7 ORBITER/SP RENDEZVOUS AND CAPTURE

4.18.14 1 DETERMINE CURRENT ORBITAL PARAMETERS
4.18.14 2 DETERMINE CURRENT ATTITUDE
4,18.14,2.3 DETERMINE DESIRED ORBITAL PARAMETERS
4.18. 14 4 CHOOSE OPTIMAL TRAJECTORY
4.18.14,2.5 RETRACT SOLAR ARRAYS
4.18.14 6 RETRACT RADIATORS
4.1B8.14 7 ORIENT THRUSTERS
4.18.14 8 FIRE THRUSTERS
4,.1B.14 9 ORBITER AND SP VELOCITY AND TRAJUECTORY ADJUSTMENTS
4.1B.14.2.10 OPEN PAYLOAD BAY DOORS
4,18.14.2.11 ACTIVATE DOCKING ADAPTER
4.1B. .12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
4,1B.14,2.13 SP BERTHING ON DOCKING ADAPTER
4.1B.14.3 REMOVAL AND TRANSFER OF EXPERIMENTAL PACKAGES

-
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4.1B. 14 i SHUTDOWN EXPERIMENTAL PACKAGES
4.1B.14 2 ACTIVATE RMS

4.1B. 14 3 LOCATE GRASPING FIXTURE ON TARGET
4.1B.14,3.4 GRASP FIXTURE

4.18.14.3.5 RELEASE PAYLOAD RESTRAINTS
4.1B.14.3.6 TRANSLATE PAYLOAD TO CRADLE

4.18.14 7 FASTEN PAYLOAD RESTRAINTS

4.1B.14.3.8 ORIENT NEW PAYLOADS

4,.18.14.3.8 ATTACH NEW PAYLDADS

4,.18.14.3.10 ORBITER/PAYLOAD INTEGRATION CHECKOUT

4 1B8.14.4 NON-SCHEDULED MAINTENANCE
.46,14.5 DPERATIONAL CHECKOUT
1B.14.5.1 ACTIVATE SUBSYSTEMS

COMPARE MEASURED DATA TO MODEL
ATION OF ORBITER AND SP

4,
4.1B8.14.5.2 POWER SUBSYSTEM CHECKOUT
4.18.14.5.3 THERMAL SUBSYSTEM CHECKOUT
4.18.14.5,.4 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
4.1B.14.5.5 STRUCTURE SUBSYSTEM CHECKOUT
4,1B.14.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT
4.1B.14.5.7 SP/PAYLOAD INTERFACE CHECKOUT
4.1B.14.5.8 CONSUMABLES LEVELS CHECKOUT
4. .5.9
PAR

4.1B.14. 6 SE
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4.1B.14.6.1 SECURE RMS IN PAYLOAD BAY OF POOR QUALITY
4.1B.14.6.2 CLOSE PAYLOAD BAY DOORS
4.1B,14.6.3 UNDOCKING OF ORBITER FROM SP

4.1B.15 RETRIEVAL BY ORBITER
4.1B.15.1 ORBITER/SP RENDEZVOUS AND CAPTURE
4.1B.15.1.1 DETERMINE CURRENT ORBITAL PARAMETERS

.1B.15.1,12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
.1B.15.1.13 SP BERTHING ON DOCKING ADAPTER

1B.15.1.14 ACTIVATE RMS

4.18.15.2 PAYLOAD WITHDRAWAL FROM SP

4.1B.15,1.2 DETERMINE CURRENT ATTITUDE /
4.18.15.1.3 DETERMINE DESIRED ORBITAL PARAMETERS
4,1B.15.1.4 CHOOSE OPTIMAL TRAUJECTORY

4.18.15.1.5 RETRACT SOLAR ARRAYS

4.1B.16.1.6 RETRACT RADIA/ORS

4.1B.15.1.7 ORIENT THRUSTERS

4.1B.15.1.8 FIRE THRUSTERS

4,.1B.15.1.9 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS
4.1B8.15.1.10 OPEN PAYLODAD BAY DOORS

4.1B.15.1.11 ACTIVATE DOCKING ADAPTER

4

4

4,

4,18.15.2.1 SP INTERFACE WITH PAYLOAD IS SHUTDOWN
4.18.15.2.2 PAYLOAD INTERNAL POWER ACTIVATED
4.1B.15.2.3 LOCATE GRASPING FIXTURE ON TARGET
4.18.15.2.4 GRASP FIXTURE

4.18.15.2.5 RELEASE PAYLOAD RESTRAINTS
4.1B8.15.2.6 TRANSLATE PAYLOAD TO CRADLE
4.1B.15.2.7 FASTEN PAYLOAD RESTRAINTS

.1B8.15.3 SHUTTLE/PAYLOAD INTEGRATION AND TEST
4 iB.15.3.1 ORBITER/PAYLOAD INTEGRATION CHECKOUT
.18.15.3.2 CLOSE PAYLOAD BAY DOORS
4. 1B 15 4 SEPARATION OF SP FROM DRBITER

4.1B.15.4.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL
4.1B.15.4.2 UNDOCKING OF CORBITER FROM SP
4.18,15.4,3 DETERMINE CURRENT ORBITAL PARAMETERS
4.18.15.4.4 DETERMINS CURRENT ATTITUDE
4.1B.15.4.5 DETERMINE DESIRED ORBITAL PARAMETERS
4.1B.15.4.6 CHOOSE OPTIMAL TRAJECTORY
4.1B.15.4.7 RETRACT SODLAR ARRAYS

4.1B8.15.4.8 RETRACT RADIATORS

4.1B.15.4.9 ORIENT THRUSTERS

4.18.15.4.10 FIRE THRUSTERS

4.1B.15.4.11 ACTIVATE SUBSYSTEMS

4.1B.13.4.12 POWER SUBSYSTEM CHECKOUT
4,1B.15.4.13 THERMAL SUBSYSTEM CHECKOUT
4.18,15.4.14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
4.1B.15.4.15 STRUCTURE SUBSYSTEM CHECKOUT
4,1B.15.4.16 COMMUNICATIONS SUBSYSTEM CHECKOUT
4.1B.15.4.17 SP/PAYLOAD INTERFACE CHECKDUT
4.1B.15.4.18 CDNSUMABLES LEVELS CHECKOUT
4.18.15.4,'9 COMPARE MEASURED DATA TO MODEL
4.18B.15.4.%40 DEPLOY SOLAR ARRAYS

4.18.15.4.21 DEPLOY RADIATORS

4 1B.16 RE-ENTRY AND LANDING OF ORBITER
.1B. 17 POST~FLIGHT OPERATIONS
4.1B.17.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS
4.1B.17.2 REMOVAL OF PAYLOADS FROM ORBITER
.18.17.2.1 OPEN PAYLOAD BAY DOORS
.18.17 2.2 PRIORITY REMOVAL OF TIME~CRITICAL ITEMS
. 1B.17.2.3 ATTACH STRONGBACK TO PAYLOAD
J1B.17.2.4 LOAD PAYLOAD INTO CANISTER
.1B.17.3 PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY

bbbbh
-
fo+]

SCIENCE AND APPLICATIONS SPACE PLATFORM
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The SASP specific material in this breakdown was obtained from the following
two sources: Final Report for Payloads Requirements/Accomodations Assessment
Study for Science and Applications Space Platforms, MSFC Contract No.
NAS8-33758 by TRW Inc. November 1880. Conceptual Design Study Science and
Applications Space Platform, MSFC Contract No. NASB-33592 by McDonnell
Douglas Astronautics Co. October 1980,
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4.2 SCIENCE AND APPLICATIONS SPACE PLATFORM (SASP)
4.2,1 DESIGN

4,2.1.1 DEFINE REQUIREMENTS

4.2.1.2 SELECT PAYLOADS
The SASP can carry many different combinations of experiments. Some have
special orbital and viawing requirements, others are not compatible
(Materials Experiment Assembly and Life Sciences Modules) due to
microgravity requirements, The experiments must be put into compatible
groupings $o the SASP can be designed to accomodate them.

P e T L L L - .- --- R R L Y LR L L X

4.2.1.3 MISSION ANALYSIS
The orbital constraints of the STS system and SASP must be comparad to
experimant requirements. Some experiments need high inclination orbits,
othars nead higher altitude orbits., Mission requirements determine when
and how maneuvers will be made. These must ba examinad to insure they are
feasible and to determina propulsion subsystem requirements,

4.2,1.4 PAYLOAD ACCOMODATIONS

4.2,1.5 CREATE FUNCTIONAL LAYOUT
Determina all subsysteam interactions such as data transmission, power use,
thermal dissipation, and structural loads. The component specifications
should ba compatible with present levels of techrology and comply with the
functional layout.

4.2.1.6 CREATE MECHANICAL LAYOUT

Verify that when components are grouped into subsystems they can perform
all functional layout operations.

COMPONENT FABRICATION

.2.2.1 PROCURE OFF-THE-SHELF COMPONENTS

.2.2.2 PRGCURE MATERIALS FOR MANUFACTURE OF COMPONENTS
.2.2.3 PROCURE MANUFACTURING EQUIPMENT

.2.2.4 MANUFACTURE CUMPONENTS

COMPONENT TEST

,2.3.1¢ SET UP TEST FACILITIES

.2.3.2 STRUCTURAL LOADS TESTS

2.3 3 DATA PROCESSING AND SOFTWARE TESTS

Verify software by inputing data which simulates expected operational
inputs, but has been previously processed so the proper output is known.
This nominal output is compared to the output of the flight software to
verify 1ts proper operation.

4 SDLAR ARRAY DEPLOYMENT TESTS
5 CHECK RF PATTERN
6 ELECTRICAL SYSTEMS TESTS
7 THERMAL AND VACUUM TESTS
.8 COMPONENT CERTIFICATION
EM INTEGRATION
1 RECEIVE AND SORT COMPONENTS
2 POSITION AND ORIENT COMPONENT
3 ATTACH COMPONENTS
EM TEST
1 POWER SUBSYSTEM TEST
Simulated solar array power s supplied to the power
management/conditioning subsystem. This system {s commanded to supply
various voltages and currents to other subsystems. These quantities are
measured undar rea) or simulated load and compared against nominal
performance.

4.2.5.2 THERMAL SUBSYSTEM TESTS
4.2.5.3 INFORMATION PROCESSING SUBSYSTEM TESTS
4.2.5.4 STRUCTURE SUBSYSTEM TESTS

- o o e = e o W s e e e e b R S e e T e S e e b e S e e S B eGP W ) S e AR e N e e U e W D e S e e e

The structure or a functional mockup {s exposed to various vibration loads
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to verify structural integrity. Deplcyment actuators are tested and, {f

possible, deployable structu=~es go through a full reployment sequence.
4.2.5.5 COMMUNICATIONS SUBSYSTEM TESTS

Ver.ty that the antennas meet design specifications.

.2.5.6 ANALYZE PERFORMANCE DATA

.2.5.7 REPEAT CONSTRUCTION/CHECKOUT CYCLE UNTIL O.K.

PAYLOAD INSTALLATION AND TRANSPORT

.2.6.1 TESTING AT INTEGRATION SITF

.2.6.2 REMOVE TEST EQUIPMENT

,2.6.3 PERFORM NECESSARY DISASSEMBLY

.2.6.4 PACKING

.2.6.5 TRANSPORT TO LAUNCH SITE

OR ITER/PAYLOAD INTEGRATION AND CHECKOUT

. 2. UNPACKING

.2, PERFORM NECESSARY REASSEMBLY

.2. INTEGRATED GYSTEMS TESTS

.7.3.1 VERIFY POWER SYSTEM FUNCTION

.7.3.2 VERIFY COMMAND SYSTEM FUNCTION

.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION

.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION

PERFORM INTERFACES CHECK

.7.4.1 CHECK SHUTTLE/PAYLDAD MECHANICAL INTERFACES

.7.4.2 CHECK ELECTRICAL INTERFACES

TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY

ATTACH STRONGBACK TH PAYLODAD

LOAD PAYLOAD INTO CANISTER

REMOVE STRONGBACK

CLOSE CANISTER

TRANSPORT CANISTER TO ORAITER PROCESSING FACILITY

TER/PAYLUAD INTEGRATION

4 ATTACH STRONGBACK TO “AYLOAD

2 INSTALL PAYLOAD IN OFBITER

.3 CONNECT ORBITER/PAYLOAD INTERFACES

4

5

(4

bbbs}hbhh&mhh
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CHECK ELECTRICAL INTERFACES

CLOSE-OUT PAYLOAD BAY

INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
4.2.7.6.7 INSTALLATION OF OMS KITT

COUNTDOWN AND LAUNCH

ORBITAL DEPLOYMENT AND CHECKOUT

.2.9.1 ORBITER/SP RENDEZVOUS AND CAPTURE

. 1.1 DETERMINE CURRENT ORBITAL PARAMETERS

1 DETERMINE CURRENT ATTITUDE

1 DETERMINE DESIRED ORBITAL PARAMETERS

1 CHOOSE OPTIMAL TRAJECTORY

1 RETRACT SOLAR ARRAYS

1 RETRACT RADIATORS

1 ORIENT THRUSTERS

1 FIRE THRUSTERS

1 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS

1.10 OPEN PAYLOAD BAY DOORS

1.11 ACTIVATE DOCKING ADAPTER

1.12 DOCKING DF SHUTTLE ADAPTER TO SPACE PLATFORM

.1.13 SP BERTHING ON DOCKING ADAPTER

1

MO

.2,

2.

.2,

LR

6.
6.
6.
8
7.
7
7
4
4
4
4
7
4,
4
7
4
4
4
4
4
7
4
4
4
4
4
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.14 ACTIVATE RMS
3 E OLD SP PAYLODAD FROM TARGET BERTH
OPEN PAYLOAD BAY DOORS

LOCATE GRASPING FIXTURE ON TARGET
GRASP FIXTURE

RELEASE PAYLOAD RESTRAINTS

\%
1
2
3
4

5 STOW OLD PAYLOAD IN ORBITER
LOY NEW PAYLDAD FROM PAYLODAD BAY
1 LOCATE NEW PAYLOAD
2 GRASP FIXTURE
3 RELEASE PAYLOAD RESTRAINTS
4 ATTACH NEW PAYLOAD TO SP
ATIONAL CHECKOUT

1 ACTIVATE SUBSYSTEMS
2 POWER SUBSYSTEM CHECKOUT
3 THERMAL SUBSYSTEM CHECKOUT

PER

S
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INFDRMATION PROCESSING SUBSYSTEM CHECKOUT
STRUCTURE SUBSYSTEM CHECKOUT
COMMUNICATIONS SUBSYSTEM CHECKOUT
SP/PAYLOAD INTERFACE CHECKOUT
ATTITUDE CONTROL SUBSYSTEM CHECKOUT
CONSUMABLES LEVELS CHECKOUT
.10 COMPARE MEASURED DATA TO MODEL
NTIFY DEFECTIVE COMPONENT

-1 DETERMINE ANOMALOUS DATA
.2 FORM HYPDTHESIS FOR PROBLEM
.3 DEVISE TEST FOR FAILURE HYPOTHESIS
.4 PERFORM TEST FOR FAILWPRE HYPOTHESIS
.5 IDENTIFY FAULTY COMPONENT
NTIFY DEFECITVE SOFTWARE

.1 COMPARE MEASURED DATA TO MODEL
2 DETERMINE ANOMALOUS DATA
.3 FORM HYPOTHESIS FOR PROBLEM
.4 DEVISE TEST FOR FAILURE HYPOTHESIS
.5 PERFORM TEST FOR FAILURE HYPOTHESIS
MPONENT FAILURE RECOVERY (REDUNDANCY)
A1 SWITCHM OUT FAULTY COMPONENT
A.2 SWITCH IN REDUNDANT COMPONENT
7A 3 MAKE DJAGNOSTIC CHECKS
9.7A 4 UPDATE GSPACECRAFT MODEL
B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR)
.9,78.1 DEFINE ACCESS SEQUENCE

.78.2 LOCATE ACCESS PANEL

.78.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
.78.4 OPEN ACCESS PANEL

.78.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
.78.6 REMOVE COMPONENT

.78.7 STORE COMPONENT

.7B.8 LOCATE NEW COMPOWENT

.78.9 POSITION AND CONNECT NEW COMPONENT
.78.10 ADJUST COMPONENT

.7B.11 MAKE DIAGNOSTIC CHECKS

.78.12 CLOSE ACCESS PANEL

.78.13 STOW REPAIR EQUIPMENT

.7B. 14 UPDATE SPACECRAFT MODEL
OFTWARE FAILURE RECOVERY
.8.1 DETERMINE CORRECTION ALGORITHM
.8.2 DATA/COMMAND ENCODING
.8.3 DATA/COMMAND TRANSMISSION
.8.4 COMPUTER FUNCTION CHECKS
EPARATION OF S® FROM ORBITER
.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL
2 UNDOCKING OF ORBITER FROM SP
3 DETERMINE CURRENT ORBITAL PARAMETERS
4 DETERMINE CURRENT ATTITUDE
.5 DETERMINE DESIRED ORBITAL PARAMETERS
6

7

8

9
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CHOOSE OPTIMAL TRAJECTORY
RETRACT SOLAR ARRAYS
RETRACT RPADIATORS
DRIENT Y+RUSTERS
.10 FIRE THRUSTERS
.11 ACTIVATE SUBSYSTEMS
POWER SUBSYSTEM CHECKOUT
.13 THERMAL SUBSYSTEM CHECKOUT
14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
.15 STRUCTURE SUBSYSTEM CHECKOUT
.16 COMMUNICATIONS SUBSYSTEM CHECKOUT
.17 SP/PAYLOAD INTERFACE CHECKOUT
.18 CONSUMABLES LEVELS CHECKOUT
.18 COMPARE MEASURED DATA TO MODEL
.20 DEPLOY SOLAR ARRAYS
.21 DEPLDOY RADIATORS
4.2.10 STATUS ONITORING AND RESOURCE ALLOCATION
This is primarily allocation of power'™and therma) dump capacity.
Experiments provide their own materials, but must share power and therma)
systems. Resource allocation is a scheduling procedure to prevent overload
of the power and thermal subsystems.
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4.2.10.1 TEMPERATURE MANAGEMENTY
4.2.10 1.1 MEASURE COMPONENT TEMPERATURES
4.2.10.1.2 COMPARE TEMPERATURE TO REQUIRED LIMITS
4.2.10.1.3 ADJUUST COOLING/HEATING SYSTEMS
4.2.10.2 POWER MANAGEMENT
4.2.10.2.1 MEASURE CURRENTS AND VOLTAGES

4.2.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
4.2,10.2.3 EVALUATE BATTERY CHARGING PERFORMANGE
4.2.10.2.4 ADJUST CURRENTS AND VOLTAGES
4.2.10.2.5 ADJUST BATTERY CHARGING CYCLE
4.2.10.3 DATA/COMMAND PROCESSING
4.2.10.3.1 SHORT=-TERM MEMORY STORAGE
4.2.10.3.2 LONG-TERM MEMORY STORAGE
4,2.10.3.3 DATA/COMMAND ENCODING
4.2 10.3.4 DATA/COMMAND DECODING
4.2.10.3.5 NUMERICAL COMPUTATION
4.2,10.3.6 LOGIC OPERATIONS )
4.2,10.3.7 COMPUTER LOAD SCHEDULING

4.2.10.3.8 COMPUTER FUNCTION CHECKS

4.,2.10.4 CONSUMABLES MANAGEMENT
Many onboard experimonts reauire supplies of cryogens or materials for
operation which must bo periedically replaced. If a supply is depleted
faster than expected then i1ts storage device signals that the supply is
Tow. It may also predict in advance that a supply will be depletad.
.10.4.1 MONITOR GAS SUPPLIES
.10.4.2 MONITOR PROPELLANT SUPPLIES
.4.3 MONITOR COOLING SYSTEM SUPPLIES
.10.4.4 PROJECT CONSUM/BLES REQUIREMENTS FROM MISSION PROFILE
.10.4.5 COMPUTE OPTIM!. CONSUMABLES ALLOCATION
0. 5 STRUCTURAL MANAGEMENT

.10.5.1 MEASURE STRAINS IN 3TRUCTURE

.10 §.2 MEASURE RELATIVE DISPLACEMENTS

.10.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS
.10.5.4 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIREDR LIMITS
.10.5.5 APPLY COMPENSATING FORCES

.10.5.6 APPLY VIBRATION DAMPING
6 HAZARD AVOIDANCE

.10.6.1 AVDID TANK OVERPRESSURES

.10 6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS

.10.6.3 MONITOR MICRO-GRAVITY LEVELS
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Since some materials processing experiments require ultra-low acceleration
or “"gravity” levels it is necessary to monitor the "g" loads and structura)
vibration to insure that thesoc experiments are not disturbed. Also, some
other SASP payload operations may need schedule adjustrment to avoid
generating “"g" toads. For example: The slewing of a large instrument such
as a telescope could induce significant "g" loads., This oparation would
have t0 be schoduled when materials processing 15 Not 1n progress,
4.2.10.6.4 MAINTAIN COMMUNICATICN LINKS
.10.6.5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
4.2.10 7 OPTIMAL SEQUENCING

4.2.10.7.1 UPDATE SPACECRAFT MODEL
4.2.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
4.2.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
4.2.10.7.4 PROJVECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
4.2,10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
4.2.10.7.6 COMPUTE OPTIMAL SEQUENCING

4,2.10.8 IDENTIFY DEFECTIVE COMPONEMT
4.2.10.8.1 DETERMINE ANOMALDUS DATA
4.2.10.8.2 FORM HYPOTHES1S FOR PROBLEM

4.2.10.9 REPORT SYSTEMS STATUS
4.2.10.8.1 DATA/COMMAND ENCODING
4.2.10.9.2 DATA/COMMAND TRANSMISSION
4.2.10.9.3 DATA/COMMAND DECODING
4.2.10.9.4 DATA/COMMAND DISPLAY

4.2.11 ATTI+UDE CONTROL AND STABILIZATION
4,2.11.1 MAINTAIN ATTITUDE
4.2.11.1.1 INITIALIZE GUIDANCE SYSTEM
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4.2.11.1.2 DETERMING CURRENT ATTITUDE
4.2 11 1.5 DETEOMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
4.2 .11.1 4 CHDOSE UrTIMAL TRAJECTORY
4.2 19.1.6 ROTATE SPACFCRAFT
4.2.11.2 MAINTAIN ORBIT
4.2.11.2.1 DETERMINE CURRENT ORBITAL PARAMETERS
4.2.11 2.2 DETLRMINE DESIRED ORBITAL PARAMETERS
4.2.11.2.3 CHOOGE OPTIMAL TRAJECTORY
4.2.11.2.4 RETRACT SOLAR ARRAYS
4.2.11.2.9 RETRAGT RADIATORS
4.2.11.2.6 FIRE THRUSTERS
4.2.11.3 OPTIMAL CONTROL ALLOCATION
4.2.11.3.1 UPDATE SPAGECRAFT MODEL
4.2.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
4.2.11.3.3 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
4,2.11.3 4 DETERMINE CONGSTRAINTS AND FIGURES OF MERIT
4.2.11.3.5 CHDDSE OPTIMAL CONTROL MODE
4.2.11.3.6 COMPUTE CONTROL COMMANDS
4.2.11.8.7 EXECUTE CONTROL COMMANDS

4,2.12 PRE-EXPERIMENT DPERATIONS

4.2.13 CONDUCT PAYLOAD-SPECIFIC EXPERIMENT
Certain axperiments may not bo possiblie to run simultaneously because of
power, viewing angle, contamination, or othar constraints,

The SASP must provido o meens for oach instument or experiment to transmit
1t. status and data. During some exporiments dota transmission will be a
continuous process, during others 1t wil) be o discrote process. The
control of materials expeoriments may require rea) time data transmission to
allow experimenters on the ground to interact with their experiments.
Earth ronourges instruments will generate large amounts of data to be,
transmitted,
4.2.15 SERVICING AND RESUPPLY
4.2.19.1 PRE-RENDE2VOUS PREPARATIONS
4.2.15.1. 1 SEND GROUND SIGNAL TD SP TO BEGIN SERV. SEQ.
4.2.15 1 2 REDUCE POWER TO SUBSYSTEMS
4.2.19.2 ORBITER/SP RENDEZVOUS AND CAPTURE

4.2.15.2. 1 DETERMINE CURRENT ORBITAL PARAMETERS

4.2.15.2.2 DETERMINE CURRENT ATTITUDE

4.2.15.2.3 DETERMINE DESIRED ORBITAL PARAMETERS

4.2.15.2.4 CHOOSE OPTIMAL TRAJECTORY

4.2.15.2.5 RETRACT SOLAR ARRAYS

4.2.15.2.6 RETRACT RADIATORS

4.2.15.2.7 ORIENT THRUSTERS

4.2.15.2.8 FIRE THRUSTERS

4.2.15.2.9 ORBITER AND SP VELOC'%Y AND TRAJECTORY ADJUSTMENTS

4.2.15.2. 10 OPEN PAYLOAD BAY DOURS

4.2.15.2. 11 ACTIVATE DOCKING ADAPTER

4.2.15.2.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM

4.2.15.2.13 SP BERTHING ON DOCKING ADAPTER
4.2.15.3 REMOVAL AND TRANSFER OF PAYLOADS

4.2.15.3.1 SHUTDOWN PAYLOADS

4.2.15.3.2 ACTIVATE RMS

4.2.15.3.3 LOCATE GRASPING FIXTURE ON TARGET

4.2.15.3.4 GRASP FIXTURE

4.2.15.3.58 RELEASE PAYLOAD RESTRAINTS

4,.2.15.3.6 TRANSLATE PAYLOAD TO CRADLE

4.2.15.3.7 FASTEN PAYLOAD RESTRAINTS

4.2 15.3.8 ORIENT NEW PAYLOADS

4.2 15.3.9 ATTACH NEW PAYLOADS

4.2.15.3,10 OREBITER/PAYLOAD INTEGRATION CHECKOUT
4.2.15.4 NON-SCHEDULED MAINTENANCE
4.2.15.5 OPERATIONAL CHECKOUT

4.2.15.5.1 ACTIVATE SUBSYSTEMS

4,2.15.5.2 POWER SUBSYSTEM CHECKOUT

4.2 15.5.3 THERMAL SUBSYSTEM CHECKOUT

4.2.15.5.4 INFORMATION PROCESSING SUBSYSTEM CHECKQUT

4.2.15.5.5 STRUCTURE SUBSYSTEM CHECKOUT

4.2.15.5 6 COMMUNICATIONS SUBSYSTEM CHECKOUT
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SP/PAYLOAD INTERFACE CHECKOUT
CONSUMABLES LEVELS CHECKOUT
COMPARE MEASURED DATA TO MODEL

SECURE RMS IN PAYLDAD BAY
CLOSE PAYLOAD BAY DODRS

5.0.3 UNDOCKING OF ORBITER FROM SP

4.2.16 RET RIEVAL BY ORBITER
4.2.16.1 ORBITER/S5P RENDEZVOUS AND CAPTURE

.2.16.,
.2.16.
.2.16.
.2.16.
.2.16.
.2,16.

DO DLDDN

.2.16.
.2.16,
.2.,16.
.2.16,
2,16,
.2.16,
.2.16.

.2

6.
2.16
2.16.
2.16.
2.16.
2.16,
2.16,
2.16.
2.16.

.2.16.
2.
2.
2.
2.
2.
2.
2.
2
2.

. 16.

.2.16.

hhbbbbhhbhhbhbbhbb&bb.ﬁbbahbbbhhh

.2.16.

1.

1
1
1
1
1
N
. 1.
1
1
1
1
1

1
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.10
L1
.12
.13

.14

1
2
3

.4
5
<]

.7

.
I
.12
.13

.21

4.2.17 RE~ENTRY AND
4.2.18 POST-FLIGHT OPERATIONS

4 .18.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS

4.2.18.2 REMOVAL OF PAYLOADS FROM ORBITER

2.1 OPEN PAYLODAD BAY DODORS

2.2 PRIORITY REMOVAL OF TIME-CRITICAL ITEMS

2.3 ATTACH STRONGBACK TO PAYLOAD

2.4 LOAD PAYLOAD INTO CANISTER

3 PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY

4.2.18.
.18.
.18.
.18.
.18,

Db bhon
NN

DETERMINE CURRENT ORBI%AL PARAMETERS
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY
RETRACT SOLAR ARRAYS
RETRACT RADIATORS
ORIENT THRUSTERS
FIRE THRUSTERS
DRBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS
OPEN PAYLOAD BAY DOORS
ACTIVATE DOCKING ADAPTER
DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
SP BERTHING ON DOCKING ADAPTER
ACTIVATE RMS

6.2 PAYLOAD WITHDRAWAL FROM SP

SP INTERFACE WITH PAYLOAD 1S SHUTDOWN
PAYLOAD INTERNAL POWER ACTIVATED
LOCATE GRASPING FIXTURE ON TARGET
GRASP FIXTURE

RELEASE PAYLODAD RESTRAINTS

TRANSLATE PAYLOAD TO CRADLE

FASTEN PAYLOAD RESTRAINTS

6.3 SHUTTLE/PAYLOAD INTEGRATION AND TEST
,2.1€.3.1 ORBITER/PAYLOLD INTEGRATION CHECKOUT
16.3.2 CLOSE PAYLOAD BAY DOORS
4 SEPARATION OF SP FROM ORBITER
4.

TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL
UNDOCKING OF ORBITER FROM SP
DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY
RETRACT SOLAR ARRAYS
RETRACT RADIATORS
ORIENT THRUSTERS

FIRE THRUSTERS

ACTIVATE SUBSYSTEMS

POWER SUBSYSTEM CHECKOUT

THERMAL SUBSYSTEM CHECKOUT
INFORMATION PROCESSING SUBSYSTEM CHECKOUT
STRUCTURE SUBSYSTEM CHECKOUT
COMMUNICATIONS 5SUBSYSTEM CHECKOUT
SP/PAYLOAD INTERFACE CHECKOUT
CONSUMABLES LEVELS CHECKOUT

COMPARE MEASURED DATA TO MODEL
DEPLOY SOLAR ARRAYS

DEPLOY RADIATORS

LANDING OF ORBITER

SCIENCE AND APPLICATJNNS MANNED SPACE PLATFORM

- - - - - m e - - - - R L L P I e e - -

The SAMSP specific materia)

two sources:

in this breakdown was obtained from the following

Final Report for Payloads Requirements/Accomodations Assessment
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Study fo~ Science and Applications Space Platforms, MSFC Contract No,
NASB=-33758 by TRW Inc. November 1680. Conceptual Design Study Science and
Applications Space Platform, MSFC Contract No. NASG-33502 by McDonns)
Douglas Astronautics Co. October 1880,

L T T R Y T Y L Y T L LR L L

4.3 SCIENCE AND APPLICAYIONS MANNED SPACE PLATFORM (SAMSP)
4.3.1 DESIGN

4,3.8 CO

4.3.1.1 DEFINE REQUYREMENTS
1.2 SELECT PAYLOADS

1,3 MISSION ANALYSIS

1. A PAYLOAD ACCOMODATIONS

. 1.5 CREATE FUNCTIONAL LAYQUT

. 1.6 CREATE MECHANICAL LAYOUT

MPONENT FABRICATIOM

.2.1 PROCURE OFF=THE~SHELF COMPONENTS

.2.2 PROCURE MATERIALS FOR MANUFACTURE OF COMPONENTS
.2.3 PROCURE MANUFACTURING EQUIPMENT

.2.4 MANUFACTURE COMPONENTS
M
.3,
3
3
3
3

huhhbbb

SET UP TEST FACILITIES
STRUCTURAL LOADS TESTS

1
2
3 DATA PROCESSING AND SOFTWARE TESTS
4 SOLAR ARRAY DEPLOYMENT TESTS
5 CHECK RF PATTERN
.6 ELECTRICAL SYSTEMS TESTS
.7 THERMAL AND VACUUM TESTS
.8 COMPCNENT CERTIFICATION
TEM IMTEGRATION
1 RECEIVE AND SORT COMPONENTS
2 POSITION AND ORIENT COMPONENT
.3 ATTACH COMPONENTS
E

POWER SUBSYSTEM TEST

THERMAL SUBSYSTEM TESTS

INFORMATION PROCESSING SUBSYSTEM TESTS

STRUCTURE SUBSYSTEM TESTS

COMMUNICATIONS SUBSYSTEM TESTS

ANALYZE PERFORMANCE DATA

REPEAT CONSTRUCTION/CHECKOUT CYCLE UNTIL O.K.

AD INSTALLATION AND TRANSFIRT

TESTING AT INTEGRATION SITE

REMOVE TEST EQUIPMENT

PERFORM NECESSARY DISASSEMBLY

PACKING

TRANSPORT TO LAUNCH SITE

ER/PAYLOAD INTEGRATION AND CHECKOUT

UNPACKING

PERFORM NECESSARY REASSEMBLY

INTEGRATED SYSTEMS TESTS

.7.3.1 VERIFY POWER SYSTEM FUNCTION

,7.3.2 VERIFY COMMAND SYSTEM FUNCTION

.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION

.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION

PERFORM INTERFACES CHECK

.7.4,1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES
,7.4.2 CHECK ELECTRICAL INTERFACES

TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY

.1 ATTACH STRONGRACK TO PAYLOAD

2 LOAD PAYLOAD IMYO CANISTER

.3 REMOVE STRONGBACK

.4 CLOSE CANISTER

& TRANSPORT CANISTER TD ORBITER PRDCESSING FACILITY
TER/PAYLOAD INTEGRAT!ON

1 ATTACH STRONGBACK TQ PAYLOAD

.2 INSTALL PAYLOAD IN ORBITER
3
4
5
6
7
A

. . N - . .
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CONNECT ORBITER/PAYLOAD INTERFACES

CHECK ELECTRICAL INTERFACES

CLOSE-OUT PAYLDAD BAY

INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
INSTALLATION OF OMS KIT

7
7
7
7
7
OR
7
LT
7
7
7
7
7
0 ND LAUNCH

Saoonn

NTDOW
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8 ORBITAL DEPLOYMENT AND CHECKOUT
.3.8.1

.3,

w w

(A

[A]
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.8
9
9
9
9
9
8
9
.9.
9
9
9
2]
9
R
9.
8.
8.

ORBITER/SP RENDEZVOUS AND CAPTURE
9.4, 1 DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE CURRENT ATTITUDRE
DETERMINE DESIRED ORBITAL PARAMETERS
CHDOSE OPTIMAL TRAJECTORY
RETRACT SOLAR ARRAYS
RETRACT RADIATORS
SP ON INTERNAL POWER
ORIENT THRUSTERS
FIRE THRUSTERS
ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS
CPEN PAYLOAD BAY DOORS
ACTIVATE DOCKING ADAPRTER
O0OCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
SP BERTHING ON DOCKING ADAPTER
ACTIVATE RMS
OVE OLD SP PAYLOAD FROM TARGET BERTH
2.1 OPEN PAYLODAD BAY DOORS
2.2 LOCATE GRASPING FIXTURE ON TARGET
2.3 GRASP FIXTURE
2.
2.
p

OO NOTDWN -

- = o2 s s
[4, 2 SEA R X I o ]

4 RELEASE PAYLOAD RESTRAINTS
8.2.5 STOW OLD PAYLOAD IN ORBITER
DEPLOY NEW PAYLCAD FROM PAYLODAD BAY

.3.1 LOCATE NEW PAYLOAD

.3.2 GRASP FIXTURE

.3 3 RELEASE PAYLOAD RESTRAINTS

.3.4 ATTACH NEW PAYLOAD TG SP
PERATIONAL CHECKOUT

9 ACTIVATE SUBSYSTEMS

9 POWER SUBSYSTEM CHECKOUT

9 THERMAL SUBSYSTEM CHECKOUT

9 INFORMATION PROCESSING SUBSYSTEM CHECKOUT
8 STRUCTURE SUBSYSTEM CHECKOUT

9 COMMUNICATIONS SUBSYSTEM CHECKOUT

] SP/PAYLDAD INTERFACE CHECKOUT

9 ATTITUDE CONTROL SUBSYSTEM CHECKOUT
9 CONSUMABLES LEVELS CHECKOUT

9.4.10 COMPARE MEASURED DATA TO MODEL
IDENTIFY DEFECTIVE COMPONENT
9.
9.
9.
9.
Q.
1
9.
9.
9.
9.
9.

PO ZWLN

1 DETERMINE ANOMALOUS DATA
FORM HYPDTHESIS FOR PROBLEM
DEVISE TEST FOR FAILURE HYPOTHESIS
PERFORM TEST FOR FAILURE HYPOTHESIS
IDENTIFY FAULTY COMPONENT
IFY DEFECITVE SOFTWARE
1 COMPARE MEASURED DATA TO MODEL
2 DETERMINE ANOMALOUS DATA
3 FORM HMYPOTHESIS FCR PROBLEM
4 DEVISE TEST FOR FAILURE HYPOTHESIS
S PERFORM TEST FOR FAILURE HYPOTHESIS
COMPCNENT FAILURE RECOVER” (REDUNDANCY)
A.1 SWITCH OUT FAULTY CIMPONENT
A.2 SWITCH IN REDUNDANT COMPONENT
A.3 MAKE DIAGNOSTIC CHECKS
.7A.4 UPDATE SPACECRAFT MODEL
COMPONENT FAILURE RECOVERY (CN-BOARD REPAIR)
1 DEFINE ACCESS SEQUENCE
2 LOCATE ACCESS PANEL
3 TRANSFER REPAIR EQUIPMENT TD REPAIR SITE
4 OPEN ACCESS PANEL
.78.5 OBSERVE/LOCATE DEFECTIVE COMPONENT
6
7
8
8

—lU‘:wa

4
4
4
4
4.
E
5.
5.
5.
5.
5.
E
6.
6.
6
6.
6
0
.7
.7
)

REMDVE COMPONENT
STORE COMPONENT
LOCATE NEW COMPONENT
.89 POSITION AND CONNCCT NEW COMPONENT
.78.10 ADJU3T COMPONENT
.7B. 11 MAKE DIAGNOSTIC CHECKS
.7B.12 CLOSE ACCESS PANEL
.7B.13 STOW REPAIR EQUIPMENT
.7B. 14 UPDATE SPACECRAFT MODEL
OFTWARE FAILURE RECOVERY
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DETERMINE CORRECTION ALGORITHM oF 1O Y
DATA/COMMAND ENCODING
DATA/COMMAND TRANSMISSION
COMPUTER FUNCTIOM CHECKS
ATION OF SP FROM ORBITER
TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL
UNDDCKING OF ORBITER FROM SP
DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY
RETRACT SOLAR ARRAYS
RETRACT RADIATORS
SP ON INTERNAL POWER
ORIENT THRUSTERS
FIRE THRUSTERS
ACTIVATE SUBSYSTEMS
POWER SUBSYSTEM CHECKOUT
THERMAL SUBSYSTEM CHECKOUT
INFORMATION PROCESSING SUBSYSTEM CHECKOUT
STRUCTURE SUBSYSTEM CHECKOUT
COMMLYNICATIONS SUBSYSTEM CHECKOUT
18 SP/PAYLOAD INTERFACE CHECKOUT
.9.19 CONSUMABLES LEVELS CHECKOUT
.8.20 COMPARE MEASURED DATA TD MODEL
.9.21 DEPLOY SOLAR ARRAYS
.9.22 DEPLOY RADIATORS
MONITORING AND RESOURCE ALLOCATION
In addition to standard data acquisition, the SAMSP must also allow data on
the spacecraft status to be available for crew use and the crew must be
able to enter their observations and data.
4,3,10.1 TEMPERATURE MANAGEMENT
4,.3.10.1.1 MEASURE COMPONENT TEMPERATURES
4,3,10.1.2 COMPARE TEMPERATURE TO REQUIRED LIMIT
4.3,.10.1.3 ADJUST COOLING/HEATING SYSTEMS
4,3.10.2 POWER MANAGEMENT
4,3.10.2.1 MEASURE CURRENTS AND VOLTAGES
4.3.10.2.2 COMPARE CURRENTS AND VULTAGES TO REQUIRED LIMITS
4.3.10.2.3 EVALUATE BATTERY CHARGING PERFORMANCE
4 4
4
i

DLWWLW

4.3,
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.3.10.2.4 ADJUST CURRENTS AND VOLTAGES
.3.10.2.5 ADJUST BATTERY CHARGING CYCLE
.10.3 DATA/COMMAND PROCESSING
.10, SHORT~-TERM MEMORY STORAGE
.10. LONG-TERM MEMORY STDRAGE
.10. DATA/COMMAND ENCODING
.10, DATA/COMMAND DECODING
.10. NUMERICAL COMPUTATION
.10. LOGIC OPERATIDNS
.10. COMPUTER LOAD SCHEDULING
. 10. COMPUTER FUNCTION CHECKS
.10.4 CONSUMABLES MANAGEMENT
.3.10.4.1 MONITOR GAS SUPPLIES
.3.10.4.2 MONITOR PROPELLANT SUPPLIES
.3.10.4.3 MONITOR COOLING SYSTEM SUPPLIES
.3.10.4.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.3.10.4.5 COMPUTE OPTIMAL CONSUMABLES ALLOCATION
0.5 STRUCTURAL MANAGEMENT

WWWWWoWuw
WWWLWWWW
DI OUDLWN -

4
4
4
4
4.
4
4
4
1

.10,5.1 MEASURE STRAINS IN STRUCTURE

.10.5.2 MEASURE RELATIVE DISPLACEMENTS

.10.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS

.10.5.4 COMPARE STRESS AND VIBRATION PARAMETERS TU REQUIRED LIMITS
.10.5.5 APPLY COMPENSATING FDRCES

.10.5.6 APPLY VIBRATION NAMPING

.10.6 HAZARD AVOIDANCE

.3.10.6.1 AVOID TANK OVERPRESSURES

.3.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS

.3.10.6.3 MONITOR MICRO-GRAVITY LEVELS

.3.10.6.4 MAINTAIN COMMUNICATION LINKS

.3.10.6.5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
0.7 OPTIMAL SEQUENCING

WWWwwww

4
4
4
4
4
1
4
4
4
4,
4
4
1
4
4
4
4
4
1
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4,3.10.7.1 UPDATE SPACECRAFT MODEL
4.3.10.7.2 PROUECT DESIRED FUNCTIUONS FROM MISSION PROFILE
4.3.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
4,3.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
4.3.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
4.3,10.7.6 COMPUTE OPTIMAL SEQUENCING

4.3.10.8 IDENTIFY DEFECTIVE COMPONENT
4,3.10.8.1 DETL?MINE ANOMALOUS DATA
4,3.90,8,2 FORM 1'YPOTHESIS FOR PROBLEM

4.3.40.9 REPORT SYSTIMS STATUS
4,3,90.9.1 DATA/" OMMAND ENCODING
4,3.10.8.2 DATA/COMMAND TRANSMISSION
4.,3.10.9.3 DATA/COMMAND DECODING
4,3.10.9 4 DATA/COMMAND DISPLAY

.11 ATTITUDE CONTROL AND STABILIZATION

4.2.11,1 MAINTAIN ATTITUDE
4,3.11.1.1 INITIALIZE GUIDANCE SYSTEM
4,3.11.1,2 DETERMINE CURRENT ATTITUDE
4.3.11.1,3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
4.3.11.1.4 CHOOSE OPTIMAL TRAJECTORY
4.3.11.1.5 ROTATE SPACECRAFT

4.2.11.2 MAINTAIN ORBIT
4.3.41.2.1 DETERMINE CURRENT ORBITAL PARAMETERS
4.3.11.2.2 DETERMINE DESIRED ORBITAL PARAMETERS
4.3.11.2,3 CHOOSE OPTIMAL TRAJECTORY
4.3.11.2.4 RETRACT SOLAR ARRAYS
4,.3.11,2.5 RETRACT RADIATORS
4.3.11.2.6 FIRE THRUSTERS

4.3.11,.3 OPTIMAL CONTROL ALLOCATION
4,3.11.3.1 UPDATE SPACECRAFT MODEL
4.3.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
4.3.11.3.3 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
4.3.11.3.4 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
4,3.11.3.5 CHOOSE OPTIMAL CONTROL MODE
4.3.11.3.6 COMPUTE CONTROL COMMANDS
4.3.11.3.7 EXECUTE CONTROL COMMANDS

.12 STATUS MONITORING AND RESOURCE ALLOCATION (LIFE SUPPORT)

4.3.12.1 HABITAT MODULE ENVIRONMENT MANAGEMENT
4.3.12.1.1 MEASURE MODULE ATMOSPHERIC TEMPERATURES
COMPARE ATMOSPHERIC TEMPERATURES TO REQUIRED LIMITS
ADJUST COOLING/HEATING SYSTEMS
MONITOR HABITAT PRESSURE, ATMOSPHERIC COMPDSITION
. .5 COMPARE TO REQUIRED LIFE SUPPORT CONDITIONS
,12.1.6 ADJUST HABITAT-MAINTENANCE SUBSYSTEMS
2. 2 LIFE SUPPORT SYSTEM POWER MANAGEMENT
MEASURE CURRENTS AND VOLTAGES
COMPARE CURRENTS AND VDLTAGES TO REQUIRED LIMITS
EVALUATE SOLAR ARRAY PERFORMANCE
EVALUATE BATTERY CHARGING PERFORMANCE
ADJUST CURRENTS AND VOLTAGES
ADJUST BATTERY CHARGING CYCLE
2. 3 CD SUMABLES MANAGEMENT
.12.3.1 MONITOR GAS SUPPLIES
.2 MONITOR HABITAT~MAINTENANCE SYSTEMS SUPPLIES
.3 MONITOR SUPPLIES, CONDITION OF PERISHABLES
.4 MONITOR EQUIPMENT INVENTORY
.5 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.6 COMPUTE OPTIMAL CONSUMABLES ALLOCATION
2. 4 HAZARD AVOIDANCE
MAINTAIN EMERGENCY CONSUMABLES RESERVE
MAINTAIN SAFE BATTERY CHRARGE LEVELS
MONITOR RADIATION LEVELS
MAINTAIN COMMUNICATION LINKS
AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGMI
MONITOR VITAL SIGNS OF CREW MEMBERS
MONITOR REST, NUTRITION OF CREW MEMBERS
5 DPTIMAL HABITAT SEQUENCING
.12.5,1 UPDATE HABITAT MODEL
.12.5.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
.12.5.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS
.12.5.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
.12.5.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT
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4.3.12.5.6 COMPUTE OPTIMAL SEQUENCING

4,3.12.6 FAILURE RECOVERY (ON-BOARD REPAIR)
4,3,12,6.1 COMPARE MEASURED DATA TO MODEL
4.3.12.6,2 DETERMINE ANOMALOUS DATA
4.3.12.6.3 FORM HYPOTHESIS FOR PROBLEM
4.3.12.6.4 DEVISE TEST FOR FAILURE HYPDTHESIS
4.3.12.6.5 PERFORM TEST FOR FAILURE HYPOTHESIS
4,3.12.6.6 DEFINE ACCESS SEQUENCE
4.3.12.6.7 LOCATE ACCESS PANEL
4.3.12.6.8 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE
4.3.12.6.9 OPEN ACCESS PANEL
4.3.12.6.10 DBSERVE/LOCATE DEFECTIVE COMPONENT
4.3,12.6.11 REMOVE COMPONENT
4.3.12.6.12 STORE COMPONENT
4.3.12.6,13 LOCATE NEW COMPONENT
4.3.12.6.14 POSITION AND CONNECT NEW COMPONENT
4.3.12.6.15 ADJUST COMPONENT
4.3.12.6.16 MAKE DIAGNDSTIC CHECKS
4.3.12.6.17 CLOSE ACCESS PANEL
4.3.12.6.18 STOW REPAIR EQUIPMENT
4.3.12.6.19 UPDATE SPACECRAFT MODEL

4.3,12.7 FAILURE RECOVERY (REDUNDANCY)
4.3 .12.7.1 SWITCH OUT FAULTY COMPONENT
4.3.12.7.2 SWITCH IN REDUNDANT COMPONENT
4.3.12.7 3 MAKE DIAGNOSTIC CHECKS

4.3.12.7.4 UPDATE SPACECRAFT MDDEL

.13 PRE~EXPERIMENT OPERATIONS

.14 CONDUCT PAYLOAD-SPECIFIC EXPERIMENT
.15 POST-EXPERIMENT OPERATIONS

.16 SERVICING AND RESUPPLY

4.3.16.1 PRE~RENDEZVOUS PLEPARATIONS
4.3.16 1.1 SEND GROUND SIGNAL TO SP TO BEGIN SERV.
4.3.16.1.2 REDUCE POWER TO SUBSYSTEMS

4.3.16.,2 ORBITER/SP RENDEZVOUS AND CAPTURE

.16.
16
6.

ACTIVATE SUBSYSTEMS
POWER SUBSYSTEM CHECKOUT
THERMAL SUBSYSTEM CHECKOUT

STRUCTURE SUBSYSTEM CHECKOUT
COMMUNICATIONS SUBSYSTEM CHECKOUT
SP/PAYLOAD INTERFACE CHECKOUT
CONSUMABLES LEVELS CHECKOUT

INFORMATION PROCESSING SUBSYSTEM CHECKOUT

4 NI

OF POOR

SEQ.

4.3 16.2.1 DETERMINE CURRENT ORBITAL PARAMETERS
4.3.16.2.2 DETERMINE CURRENT ATTITUDE
4.3.16.2.3 DETERMINE DESIRED ORBITAL PARAMETERS
4.3 16 2.4 CHOOSE OPTIMAL TRAJECTORY
4.3.16 2.5 RETRACT SOLAR ARRAYS
4.3.16.2 6 RETRACT RADIATORS
4.3.16.2.7 SP ON INTERNAL POWER
4,3.16.2.8 ORIENT THRUSTER3
4.3.16 2.8 FIRE THRUSTERS
4.3.16.2. 10 ORBITER AND SP VELOCITY AND TRAJECTORY 4ADJUSTMENTS
4.3,16.2.11 OPEN PAYLOAD BAY DODORS
4.3.16 2 12 ACTIVATE DOCKING ADAPTER
4.3.16 2.13 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
4.3.16.2.14 SP BERTHING ON DOCKING ADAPTER
4.3.16.3 REMOVAL AND TRANSFER OF PAYLOADS
4.3.16.3.1 SHUTDOWN PAYLOADS
4.3.16.3.2 ACTIVATE RMS
4.3.16.3.3 LOCATE GRASPING FIXTURE ON TARGET
4.3.16.3.4 GRASP FIXTURE
4.3.16.3.5 RELEASE PAYLOAD RESTRAINTS
4,3.16.3.6 TRANSLATE PAYLOAD TO CRADLE
4,3.16.3.7 FASTEN PAYLOAD RESTRAINTS
4.3.16 3.8 ORIENT NEW PAYLOADS
4.3.16 3.9 ATTACH NEW PAYLOADS
4.3.16.3.10 ORBITER/PAYLOAD INTEGRATION CHECKOUT
4.3.16.3.11 EXCHANGE PERSONNEL, THROUGH DOCKING MODULE
4.3.16.3.12 STORAGE OF CONSUMABLES IN HABITAT MODULE
4,3.16.4 NON-SCHEDULED MAINTENANCE
4,.3.16.5 OPERATIONAL CHECKOUT
4,
4.
4.
4,
4.
4.
4.
4,
4.
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COMPARE MEASURED DATA TO MODEL
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4,3.16.6 SEPARATION OF ORBITER AND SP
4.3.16.6.1 SECURE RMS IN PAYLOAD BAY
3.16.6.2 CLOSE PAYLOAD BAY DOORS

4.

3.

16.6.3 UNDOCKING OF ORBITER FROM SP

4.3.17 RETRIEVAL BY ORBITER
17.1 ORBITER/SP RENDEZVOUS AND CAPTURE

4.3,
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.10
.1
.12
.13

14

DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY
RETRACT SOLAR ARRAYS
RETRACT RADIATORS
ORIENT THRUSTERS
FIRE THRUSTERS
ORBITER AND SP VELOCITY AND TRAJECTORY ADdUSTMENTS
OPEN PAYLOAD BAY DOORS
ACTIVATE DOCKING ADAPTER
DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
SP BERTHING ON DOCKING ADAPTER
ACTIVATE RMS

2 PAYLOAD WITHDRAWAL FROM SP

MMP)PJNDPJ

\lmulbmu

A

SP INTERFACE WITH PAYLOAD IS SHUTDOWN
PAYLOAD INTERNAL POWER ACTIVATED
LOCATE GRASPING FIXTURE ON TARGET
GRASP FIXTURE

RELEASE PAYLOAD RESTRAINTS

TRANSLATE PAYLOAD TO CRADLE

FASTEN PAYLOAD RESTRAINTS

3 SHUTTLE/PAVLOAD INTEGRATION AND TES
.17.3.1 ORBITER/PAYLDAD INTEGRATION CHECKOUT
.17.3.2 CLOSE PAYLOAD BAY DOORS

4 SEPARATION OF SP FROM ORBITER

4.

bbbhhbbbbbbbbbbhbbbb

4 3.18 RE- ENTRY AND
3.19 POST-FLIGHT OPERATIONS

1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS

18.2 REMOVAL OF PAYLOADS FROM ORBITER

4.3.
4.3.

19.

bbb bbb

WWWwwuww

2.
2.2
2.3

.2
2
3

1

4

.5

PA

TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL
UNDOCKING OF ORBITER FROM SP
DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE CURRENT ATTITUDE
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY
RETRACT SOLAR ARRAYS
RETRACT RADIATORS
ORIENT THRUSTERS

FIRE THRUSTERS

ACTIVATE SUBSYSTEMS

POWER SUBSYSTEM CHECKOUT

THERMAL SUBSYSTEM CHECKOUT
INFORMATION PROCESSING SUBSYSTEM CHECKOUT
STRUCTURE SUBSYSTEM CHECKOUT
COMMUNICATIONS SUBSYSTEM CHECKOUT
SP/PAYLDAD INTERFACE CHECKOUT
CONSUMABLES LEVELS CHECKOUT

COMPARE MEASURED DATA TO MODEL
DEPLOY SOLAR ARRAYS

DEPLOY RADIATORS

LANDING OF ORBITER

OPEN PAYLOAD BAY DOORS

PRIORITY REMOVAL OF TIME-CRITICAL ITEMS
PRIORITY REMOVAL OF PERSONNEL

ATTACH STRONGBACK TO PAYLOAD

LOAD PAYLDAD INTO CANISTER

YLOAD REMOVAL FROM ORBITER PROCESSING FACILITY
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APPENDIX 2.B:

GENERIC FUNCTIONAL ELEMENT LIST

(WITH BREAKDOWN CODE NUMBERS)

2,B.1 Notes on this Appendix

The Generic Functional Element (GFE) List was collected
from the four space project breakdowns by a computer program
(see Sections 2.4.1 and 2.4.2 for a description and discussion
of this procedure). A functional element collected from a
previous breakdown was not repeated again, but the code numbers
under which it appeared were stored by the computer.

Thus the resulting GFE List contains 330 generic functional
elements, from which all of the four project breakdowns can be
assembled. Each GFE is followed by a list of code numbers,
indicating the locations in the breakdowns where that GFE
appeared as a functional element. This allows the study
recipient to trace the contexts in which a GFE appeared in the
original breakdowns, to clarify its definition.

The space project breakdowns (presented in Appendix 2.3)
were scanned by the computer program in the order: GSP, AXAF,
TMS, SP. Therefore the order of the GFE's, and their assigned
numbers (gl, g2, etc.) reflect this scan. GFE's gl through
gl70 were collected from the GSP breakdown (though most of them
appear in other breakdowns as well). GFE's gl71 through g238
were added by the scan of the AXAF breakdown; GFE's g239 through
g249, by the scan of the TMS breakdown; and GFE's g250 through

g330, by the scan of the SP breakdown.
ZB.l



As mentioned in Section 2.3.2, team brainstorm sessions
were held to define common nomenclature for functional elements.
Despite these precautions, three typographical variations
appeared in the listing. Since the computer program uses
word-recognition to collect GFE's, these 3 typos appear as
separate GFE's: g200, similar to g83; g263, similar to g82; and
g277, similar to g8l. By the time these were identified, the
GFE List had been used extensively in further study tasks;
since correcting these typos would have renumbered one-third
of the GFE's, the study group left the List unaltered.

This 330-element GFE List is also presented, without the
lists of code numbers, in Appendix 2.C. The listing of the
Generic Functional Element List, with project breakdown code

numbers, follows.
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APPENDIX 2.C:

GENERIC FUNCTIONAL ELEMENT LIST

(WITHOUT BREAKDOWN CODE NUMBERS)

2.C.1 Notes on this Appendix

This appendix repeats the Generic Functional Element (GFE)
List presented in Appendix 2.B, but omits the lists of functional
element code numbers after each GFE. The GFE List was collected
from the four space project breakdowns by a computer program
(see Sections 2.4.1 and 2.4.2 for a description and discussion
of this procedure). A functional element collected from a
previous breakdown was not listed again. The resulting GFE List
contains 330 generic functional elements, from which all of the
four proiject breakdowns can be assembled.

The space project breakdowns (presented in Appendix 2.A)
were scanned by the ccemputer program in the order: GSP, AXAF,
TMS, SP. Therefore the order of the GFE's, and their assigned
numbers (gl, g2, etc.) reflect this scan. GFE's gl through gl70
were collected from the GSP breakdown (though most of them appear
in other breakdowns as well). GFE's gl71 through g238 were
added by the scan of the AXAF breakdown; GFE's g239 through
g249, by the scan of the TMS breakdown; and GFE's g250 through
g330, by the scan of the SP breakdown.

As mentioned in Section 2.3.2, team brainstorm sessions were
held to define common nomenclature for functional elements.

Despite these precautions, three typographical variations
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appeared in the listing. Since the computer program uses
word~-recognition to collect GFE's, these 3 typos appear as
separate GFE's: g200, similar to g83; g263, similar to ¢g82;
and g277, similar to g8l. By the time these were identified,
the GFE List had been used extensively in further study tasks;
since correcting these typos would have renumbered one-third

of the GFE's, the study group left the List unaltered.
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sqgfe
egfe
sofeo
sgfc
sgfe
sgfe
*nfe
sgfo
sgfo
sgfe
sgfe
*afo
*gfe
sgfe
«gfe
sgfe
sgfo
»gfe
sgfe
0fe
sgfe
gfe
sgfe
=gfe
sgfe
tgfe
sgfe
wgfe
sgfe
vgfe
sgfe
«gfe
gfe
sgfe
sgfe
gfe
*gfe
sgfe
wgfe
sgfe
sgfe
'gfe
gfe
sgfe
gfe
sgfe
wgfe
sgfe
gfe
sgfe
sgfe
sgfe
»gfe
»gfe
sgfe
egfe
*gfe
sgfe
sgfe
sgfe
sgfe
sgfe

*gfe ¢

sgfe
vgfe
»gfe
cgfe
sgfe
sgfe
sqfe

GENERIC FUNCTIONAL ELEMENT LIST (330 GFE'S)

VERIFY POWER SYSTEM FUNCTION

VERIFY COMMAND SYSTEM FUNCTION

VERIFY MECHANICAL SYSTEM FUNCTION
VERIFY COMMUNICATIONS SYSTEM FUNCTION
MISSION SEQUENCE SIMULATION

LOAD PAYLOAD INTO CCNTAINER

TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY
UNLOAD CONTAINER
CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES

CHECK ELECTRICAL INTERFACES

CHECK PAYLOAD/BOOSTER MECHANICAL INTERFACES

LOAD PAYLOAD INTO CANISTER

TRANSPORT TO ROTATING SERVICE STRUCTURE
LOAD CANISTER INTO ROTATING SERVICE STRUCTURE
LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM

REMOVE CANISTER

MATE ROTATING SERVICE STRUCTURE TO ORBITER
EXTEND PAYLOAD INTO ORBITER USING PGHM

CONNECT ORBITER/PAYLOAD INTERFACES
CLOSE-OUT PAYLOAD BAY
OPEN PAYLOAD BAY DOORS

ROTATE OTV/GSP PACKAGE OUT OF ORBITER

POWER SUBSYSTEM CHECKOUT

INFORMATION PROCESSING SUESYSTEM CHECKOUT

RAISE CENTRAL MAST

DEPLOY MAIN REFLECTORS

DEPLOY ANTENNA RECEIVER ARRAYS
DEPLOY ANTENNA TRANSMIT ARRAYS
DEPLCY SUBREFLECTOR

DEPLOY INTERFEROMETER

DEPLOY SOLAR ARRAYS

DEPLOY RADIATORS

VERIFY DEPLOYMENT SEQUENCES

RETRACT SOLAR PANELS

INITIALIZE GUIDANCE SYSTEM

DETERMINE CURRENT ORBITAL PARAMETERS
DETERMINE DESIRED ORBITAL PARAMETERS
CHOOSE OPTIMAL TRAJECTORY

DETERMINE CURRENT ATTITUDE

DETERMINE DESIRED ATTITUDE

FIRE THRUSTERS

SEPARATE OTV FROM GSP

SEPARATION COAST

TRANSFER OF OTV TO SUPERSY!'‘CHRONOUS ORBIT

DEPLOY SOLAR PANELS

DEPLOY INTER-PLATFORM LINK ANTENNAS
ACTIVATE SUBSYSTEMS

THERMAL SUBSYSTEM CHECKOUT
STRUCTURE SUBSYSTEM CHECKOUT
COMMUNICATIONS SUBSYSTEM CHECKOUT
ATTITUDE CONTROL SUBSYSTEM CHECKOUT
PROPULSION SUBSYSTEM CHECKOUT
TRAFFIC ROUTING SUBSYSTEM CHECKOUT
CONSUMABLES LEVELS CHECKOUT

COMPARE MEASURED DATA TO MODEL
DETERMINE ANOMALOUS DATA

FORM HYPOTHESIS FOR PROBLEM

DEVISE TEST FOR FAILURE HYPOTHESIS
PERFCRM TEST FOR FAILURE HYPOTHESIS
IDENTIFY FAULTY COMPONENT

SWITCH OUT FAULTY COMPONENT

SWITCH IN REDUNDANT COMPONENT

MAKE DIAGNOSTIC CHECKS

UPDATE SPACECRAFT MODEL

DEFINE ACCESS SEQUENCE

LOCATE ACCESS PANEL

TRANSFER REPAIR EQUIPMENT TO REPAIR SITE

OPEN ACCESS PANEL
OBSERVE/LOCATE DEFECTIVE COMPONENT
REMOVE COMPONENT
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sgfe g71: STORE COMPONENT

vgfe g72: LOCATE NEW COMPONENT

sgfe 073: POSITION AND CONNECT NEW COMPONENT

sgfe g74: ADJUST COMPONENT

*pfe g78: CLOSE ACCESS PANEL

*gfe g76: STOW REPAIR EQUIPMENY

sqafoc g77: DETERMINE CORRECTION ALGORITHM

*gfe g78: DATA/CCMMAND ENCODING

sgfe g79: DATA/COMMAND TRANSMISSION

*gfe g80: COMPUTER FUNCTION CHECKS

sgte g81: MEASURE COMPONENT TEMPERATURES

sgfe gB82: COMPARE TEMPERATURES TO REQUIRED LIMITS

sgfe g83: ADJUST COOLING/HEATING SYSTEMS

sgfe gB84: MEASURE CURRENTS AND VOLTAGES

sgfo g85: COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS
sgfe pB86: EVALUATE BATTERY CHARGING PERFORMANCE

sgfe g87: ADJUST CURRENTS AND VOLTAGES

agfe p88: ADJUST BATTERY CHARGING CYCLE

sgfe g89: SHORT-TERM MEMORY STORAGE

=*gfe g90: LONG-TERM MEMORY STORAGE

»gfe g91: DATA/COMMAND DECODING

egfe g92: NUMERICAL COMPUTATION

»gfe g93: LOGIC OPZRATIONS

sgfe g94: COMPUTER LOAD SCHEDULING

*gfe g95: MONiYOR PROPELLANT SUPPLIES

*gfe g96: MONITOR COOLING SYSTEM SUPPLIES

*gfe g97: PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE
»gfe g%8: COMPUTE OPTIMAL CONSUMABLES ALLOCATION

sgfe g99: MEASURE STRAINS IN STRUTTURE

sgfe g100: MEASURE RELATIVE DISPLACEMENTS

sgfe giO1i: COMPUTE STRESS AND VIBRATION PARAMETERS

sgfa gi02: COMPARE STRESS AND VIBRATIOM PARAMETERS TO REQUIRED LIMITS
*gfe g103: APPLY COMPENSATING FORCES

*gfe gi04: APPLY VIBRATION DAMPING

»nfe g105: PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE
*gfe g106: ESTIMATE RISKS FROM DESIRED FUNCTIONS

»gfe g107: DETERMINE CONSTRAINTS AND FIGURES OF MERIT

*gfe g108: COMPUTE OPTIMAL SEQUENCING

»gfe g109: DATA/COMMAND DISPLAY

»gfe gi110: DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS
sgfe gi111: ROTATE SPACECRAFT

wgfe gi12: CHOOSE OPTIMAL CONTROL MODE

sgfa g113: COMPUTE CONTROL COMMANDS

*gfe gt14:; EXECUTE CONTROL COMMANDS

sgfe gi115: RECEIVE INPUT FROM ANTENNA POINTING SENSORS

sgfe gi16: TRANSMIT INFORMATION TO ANTENNA POINTING CONTROLLER
sgfe g117: DETERMINE ERROR FROM DESIRED ANTENNA POSITION
sgfe g118: ANTENNA POSITIONER CORRECTS POINTING DIRECTION
*gfe g119: RECEIVE COMMUNICATIONS INPUT

sgfa g120: ENTER COMMUNICATIONS INPUT INTO SWITCH CONTROL
sgfe g121: SWITCH CONTROL ENTERS COMMUNICATIONS INPUT INTO SWITCH MATRIX
*gfe g122: SWITCH MATRIX EXECUTES COMMUNICATIONS OUTPUT
sgfe g123: CHECK TMS/PAYLOAD MECHANICAL INTERFACES

sgfe g124: ATTACH STRONGBACK TO PAYLOAD

»gfe gi125: REMOVE STRONGBACK

sgfe g126: CLOSE CANISTER

*gfe g127: TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY
sgfe gi128: UNLOAD CANISTER

sgfe gi29: INSTALL PAYLOAD IN ORBITER

sgfe g130: INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES
sgfe g13t: ACTIVATE RMS

sgfe g132: LOCATE GRASPING FIXTURE ON TARGET

sgfe gi133: MOVE RMS TO FIXTURE

rgfe g134: GRASP FIXTURE

*gfe g135: RELEASE PAYLOAD RESTRAINTS

sgfe g136: TRANSLATE PAYLOAD OUT OF PAYLOAD BAY

*gfe g137: RMS RELEASES PAYLOAD

*gfe gi38: SECURE RMS IN PAYLOAD BAY

sgfe gi139: STRUCTURAL SUBSYSTEM CHECKOUT

*gfe g140: RELEASE DOCKING LATCH
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sqgfe
*gfo
agfe
sgfo
sgfe
*gfc
sgfQ
rgfe
sgfo
=qgfo
sgfe
sagfo
sgfe
*afe
ngfg
*gfo
*gfe
gfe
sqafe
*qgfo
sqgfo
sgfe
»gfe
sgfe
*gfe
sgfe
«gfe
gfe
*gfe
agfe
sgfe
sgfe
safe
sgfe
*gfe
»gfe
*gfe
sgfe
*gfe
sgfe
gfg
cgfe
sgfe
gfe
sgfe
gfe
*gfe
sgfe
*gfe
sgfe
»gfe
rgfe
sqgfe
rgfe
sgfe
*gfe
rgfe
sgfe
*gfe
sgfe
sgfe
*gfe
sgfe
cgfe
*gfe
*gfe
*gfe
sgfe
sgfe
ogfe

gidt:
p142:

0143:
glda:
g145:

014G:
0147
gt4g:
0149
ag150:
gist:
§152:
g183:
0154
0156
a156:
gi87:
0158
0169:
g160:
0161
0162
gi163:
0164 :
g165:
g166:
g167:
gi68:
ai169;
gi70:
9171:
gl172.
a173:
gi74:
g17% -
Q76
Qt77:
Q178
g179:
q180:
gigt:
g182:

g183:
Q184

gi185:
0186
gi187:
g188:

g189:
g190.

gig1:
gig2:
g193:

g195:
g196:
g187:

gi198:

g199.:
200
q201:
g202:

g203:
0204
g205:
0206

207.
g208:
g209:
g210:

g194:

RETRACT DOCKING MECHANISM ¢
MOVE AWAY FROM PAYLOAD )

MONITOR BATTERIES O s

LOCATE DOCKING TARGET

EXTEND DOCKING MECHANISM

FASTEN DOCKING LATCH

CLOSE INTERNAL VALVES

EXTEND AND ATTACH UMBILICAL

OPEN SUPPLY VALVE

MONITOR FLUID TRANSFER

CLOSE SUPPLY VALVE

DETACH AND RETRACT UMBILICAL

OPEN INTERNAL VALVES

CHECK FOR LEAKS

LOCATE OLD TANK

DISCONNECT OLD TANK

REMOVE OLD TANK

STORE OLD TANK

LOCATE NEW TANK

INSTALL NEW TANK

CONNECT NEW TANK

COAST TO SUPERSYNCHRONOUS ORBIT
TRANSFFR DEBRIS TO DISPOSAL POSITION
JETTISON DEBRIS

STOW TMS ANTENNA

DEACTIVATE TMS SUBSYSTEMS

LOCATE CRADLE IN PAYLOAD ©AY
TRANSLATE PAYLOAD TO CRADLE

LOCATE PAYLOAD RESTRAINTS

FASTEN PAYLOAD RESTRAINTS

VERIFY DETECTOR SYSTEM FUNCTION
TRANSPORT TO OPERATIONS AND CHECKOUT BLDG,
INSTALL PAYLOAD IN HORIZONTAL CITE
INSTALLLATION OF OMS KIT

TILT PAYLOAD TO VERTICAL PUSITION
LOCATE SOLAR ARRAY RESTRAINTS

RELEASE SOLAR ARRAY RESTRAINTS

LOCATE SUNSHADE RESTRAINTS

RELEASE SUNSHADE RESTRAINTS

OPEN SUNSHADE

DEPLOY TDRSS ANTENNAS

COMMAND DETECTOR SELECTION

OBSERVE DETECTOR SELECTION

MONITOR TELEMETRY

EVALUATE SYSTEM PERFURMANCE

ACTIVATE AXAF SUBSYSTEMS

COMMAND ATTITMDE CHANGE

OBSERVE ATTITUDE CHANGE

DETERMINE DISTURBING TORQUES

COMPUTE REQUIRED RESULTANT

APPLY COMPENSATING TORQUES

SHUTOOWN SPACECRAFT SYSTEMS

MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER
IDENTIFY FAULTY SOFTWARE

RETRACT TDRSS ANTENNAS

CLOSE SUNSHADE

RETRACT SOLAR ARRAYS

TILT PAYLOAD TO HORIZONTAL POSITION
CLOSE PAYLOAD 8AY DOORS

ADUIST HEATING/COOLING SYSTEMS
MONITOR GAS SUPPLIES

PRESSURIZE DETECTORS WHEN NEEDED
DEPRESSURIZE DETECTORS WHEN NOT IN USE
COMPUTE POSITIONS OF SUN, EARTH, MOON
DETERMINE ANGLES RELATIVE TO TELESCOPE LINE-OF-~SIGHT
MONITOR BRIGHT OBJECT DETECTOR
MONITOR SAA DETECTOR

COMPARE DETECTOR OUTPUT TO PRESET LIMITS
CLOSE OPTICAL SHUTTERS

REDUCE VOLTAGES IN SENSITIVE EQUIPMENT
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*gfe g211: SHUTDOWN DETECTORS

*gfe g212: RECEIVE GROUND COMMANDS

*gfe g213. MOVE DETECTOR INTO POSITION

*gfe g214: DETECTOR POWER ON

*gfe g2i5: DETECTOR COOLING ON

*gfe g216: OPEN DETECTOR APERTURES

“gfe g217: FINE FOCUS DETECTOR

*gfe g218: TAKE DATA FROM DETECTIOR

*gfe §219: TAKE DATA FROM ASPECT SENSOi .

*gfe g220: PICK X-RAY SOURCE WITH KNOWN OPTICAL COUNTERPART
*gfe g221: DETERMINE IF TARGET IS WITHIN DETECTOR FOV
*gfe 9222: DETERMINE IF TARGET IS WITHIN ASPECT SENSOR FOV
»gfe g223: SELECT NEW TELESCOPE ATTITUDE IF NECESSARY
sgfe g224: PROCESS IMAGE DATA

*gfe g225; DETERMINE ALIGNMENT CORRECTION

sgfe g226: ACTIVATE TMS SUBSYSTEMS

*gfe g227: COMPUTE EXPECTED TARGET POSITION

sgfe g228: ALIGN ORBITER WITH EXPECTED TARGET POSITION
*gfe 9229: DEPLOY RENDEZVAUS SENSOR

*gfe g230: ACTIVATE RENDEZVOUS SENSOR

sgfe g231: TRACK TARGET

*gfe g9232: COMPUTE TERMINAL PHASE 9MS BURN

*gfe g233: DISCONNECT DETECTOR

»gfe g234: REMOVE DETECTOR

*gfe pg235: STORE DETECTOR

»gfe g236: LOCATE DETECTOR

sgfe g237: INSTALL DETECTOR

*qfe g238: CONNECT DETECTOR

*gfe g239: AVOID TANK OVERPRESSURES

*gfe g240: MAINTAIN SAFE BATTERY CHARGE LEVELS

rgfe g24i: MAINTAIN COMMUNICATION LINKS

*gte g242: AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT
sgfe g243: TRACK NEARBY OBJECTS

*gfe g244: AVOID CONFLICTING OBJECTS

*gfe g245: OBSERVE TUMBLING SPACECRAFT

»agfe g246: DETERMINE SPACECRAFT PRINCIPAL SPIN AXIS

*gfe g247: SPIN UP DEBRIS CAPTURE DEVICE

sgfe g248: BRAKE DEBRIS CAPTURE DEVICE

*gfe g249: RELEASE SPACECRAFT FROM DEBRIS CAPTURE DEVICE
*gfe g250: CHECK EXPERIMENTAL PACKAGE INTERFACE

»gfe g251: RETRACT RADIATORS

*gfe g252: ORIENT THRUSTERS

*gfe g253. ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS
»gfe g254: ACTIVATE DOCKING ADAPTER

»gfe 0255: DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM
sgfe g256: SP BERTHING ON DOCKING ADAPTER

*gfe g257: STOW OLD PAYLOAD IN CRBITER

*gfe g258: LOCATE NEW PAYLOAD

*afe g259: ATTACH NEW PAYLOAD TO SP

*gfe g260: SP/PAYLOAD INTERFACE CHECKOUT

sgfe g261: TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL
*gfe g262: UNDOCKING OF ORBITER FROM SP

*gfe g2€3: COMPARE TEMPERATURE TO REQUIRED LIMITS

*gfe g264: MONITOR MICRO-GRAVITY LEVELS

sgfe g265: IDENTIFY SHAPE, STIZE IN BIN

»gfe g266: MATCH WITH SAMPLE MODEL

sgfe g267: POSITION MANIPULATOR (ON RAILS)

sgfe g268: GRASP SAMPLE

sgfe g269: TRANSPORT SAMPLE TO EXPERIMENT AREA

sgfe g270: OPEN HOLDER

«gfe g271: INSERT SAMPLE

sgfe g272: CLOSE HOLDER

sgfe g273: ACTIVATE FAIL-SAFE SUBSYSTEM(S)

*gfe g274: CHECK ALIGNMENT WITH ALIGNMENT CRITYRIA

*gfe g275: SET (OR EVACUATE) FURNACE ATMOSPHERE

rgfe g276: ACTIVATE EXPERIMENTAL PROCESS SPECIFIC EQUIPMENT
sgfe g277: MEASURE COMPONENT TEMPERATURE

sgfe g278: ACTIVATE FURNACE TEMPERATURE-MAINTAINING UNIT
egfe g279: INITIATE GAS ANALYZER OPERATION

«gfe g280: RECORDING AND ON-80ARD STORAGE OF DATA
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*gfe g281: MEASURE EXPERIMENTAL DATA, WITH SPEC. INSTRUMENTATION
«gfe g282: COOL SAMPLE

sgfe g283: ADJUST FURNACE PRESSURE TO SAFE LEVEL

*gfe g284: GET SAMPLE WITH SAMPLE HOLDER

*gfa g285: REMOVE SAMPLE FROM FURNACE

»gfe g286: RELEASE SAMPLE FROM SAMPLE HOLDER

*gfe g287: REMOVE SAMPLE FROM HOLDER

sgfe g288: TRANSPORT (AMPLE TO STORAGE BIN

“gfe g289: RELEASE SAMPLE IN BIN

*gfe g290: PURGE GASES FROM FURNACE

sgfe g291: BAKEOUT FURNACE

sgfe g292: REPKOGRAM PROCESS SET-POINTS AND CONTROLS

*gfe g293: DEFROST LIVE CELLS

sgfe 9294: SUPPLY NUTRIENTS AND GASES

*gfe g295: REMDVE ORGANIC WASTES

*gfe g296: PUMP SAMPLE INTO CHAMBER

gfe ©297: PUMP MEDIA FLUID INTO CHAMBER

*gfe g298: TRANSMIT DATA TO GROUND PROCESSING CENTER

»gfe g293: WHEN SPECIFIED GROWTH PARAMS., REACHED, PREPARE SAMPLE FOR RETURN
sgfe g300: STORE PRODUCTS IN A CONTROLLED ENVIRONMENT FOR RETURN
»gfe g301: FLUSH SYSTEM WITH BIOCIDE, PRIOR TO NEXT CYCLE
*gfe g302° SP INTERFACE WITH PAYLOAD IS SHUTDOWN

sgfe g303: PAYLOAD INTERNAL POWER ACTIVATED

*gfe g304: ORBITER/PAYLOAD INTEGRATION CHECKOUT

*qgfe g305: PRIORITY REMOVAL OF TIME-CRITICAL ITEMS

*gfe g306: PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY
«gfe g307: SEND GROUND SIGNAL TO SP TO BEGIN SERV. SEQ.

»gfe g308: REDUCE POWER TO SUBSYSTEMS

«gfe g309: SHUTDOWN EXPERIMENTAL PACKAGES

sgfe g310: ORIENT NEW PAYLOADS

*gfe g311: ATTACH NEW PAYLOADS

~gfe g312: SHUTDOWN PAYLOADS

*gfe g313: SP ON INTERNAL POWER

*gfe g314: MEASURE MODULE ATMOSPHERIC TEMPERATURES

«gfe g315: COMPARE ATMOSPHERIC TEMPERATURES TO REQUIRED LIMITS
»gfe 9316: MONITOR HABITAT PRESSURE, ATMOSPHERIC COMPOSITION
«gfe g317: COMPARE TO REQUIRED LIFE SUPPORT CONDITIONS

sgfe g318: ADJUST HABITAT-MAINTENANCE SUBSYSTEMS

*gfe 9319: EVALUATE SOLAR ARRAY PERFORMANCE

*gfe g320: MONITOR HABITAT-MATNTENANCE $SYSTEMS SUPPLIES

»gfe g321: MUNITOR SUPPLIES, 'ONDITION CF PERISHABLES

«gfe g322: MONTITOR EQUIPMENT INVENTORY

»gfe 323: MAINTAIN EMERGENCY CONSUMABLE'S RESERVE

»gfe g324: MONITOR RADIATION LEVELS

»gfe g325: MONITOR VITAL SIGNS OF CREW MEMBERS

«gfe g326: MONITOR REST, NUTRITION OF CREW MEMBERS

sgfe g327: UPDATE HABITAT MODEL

»gfe g328: EXCHANGE PERSONNEL, THROUGH DOCKING MODULE

vgfe g329: STORAGE OF CGNSUMABLES IN HABITAT MODULE

»gfe g330: PRIORITY REMOVAL OF PERSONNEL
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