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SUMMARY
The Space Tug/Shuttle interfoce compatibility study was performed to identify,
evaluate, and develop Tug plus payload-to-Orbiter accommodations require-

ments, The study acted as the fnstrument by which design changes to satisfy
these requirements were submitted to NASA, -

Previously performed Tug~related studies did not opecifically address the use
or suitability of Orbiter-supplied general-~purpose payload support equipment or
provide detail description of any Tug~dedicated peripheral equipment. The in-
terface study investigated these areas and supplied the lacking data.

Shuttle interfaces required for Space Tug accommodation are primarily involved
with supporting and servicing the Tug during launch countdown, flight, and post~
landing; deploying and retrieving the Tug on orbit; and maintaining control over
the Tug when it is in or near the Orbiter. Each of these interface areas was in-
vestigated during the study to determine the best physical and operational method
of accomplishing the required functions, with an overriding goal of establishing
simple and flexible Orbiter interface requirements suitable for Tug, Tug pay-
loa,’s TUS and other cargo.

The conclusion reached as a result of these investigations was that Orbiter pay-
load accommodations and the MSFC baseline Tug are generally interface com~
patible. Specific minor cha:ges to Tug and Orbiter interfaces were identified
to provide full compatibility.

The recommenced system concept for supporting and deploying Tug from Orbiter
employs a cylindrical load ~carrying structure called a deployment adapter. The
deployment adapter contains all Tug-peculiar mechanisms required for transfer
of Orbiier /ground services and support of deployment, retrieval, and abort
operations. Because the deployment adapter is a cylindrical structure to pro-
vide efficient axial load distribution, a rotational deployment feature is incor-
porated to allow Tug removal during deployment without infringing on the Orbiter
cargo bay volume available for Tug payloads., By using the deployment adapter
concept, Tug umbilical and deployment mechanisms can be attached and checked
out before Tug installation into the Orbiter. The entire Tug, adapter, and um-
bilical support is installed as an autonomous unit into the Orbiter,

Major specific interface conclusions generated by study technical analysis are:

Structural Intexface — The baseline Tug and its peripheral equipment should be
modified to incorporate a six-point structural support arrangement. The use of
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the six-point redundant support concept elimirates ®ug/paylond deflection and dynamic
vesponse problems associated with determinate support schemes,

Mechanical Interface — The Tug deployment adapter in conjunction with the Orbiter
RMS provides excellent Tug deployment and retrieval capability.

Fluid Interface — Tug service lines are sized for simultaneous propellant dump during
Orbiter aboxrt, LHz/LO dump is safe and compatible with all abort modes, The Or-
biter must provide propellnnt gettling thrust (RCS/OMS thrusters or axial dump of Tug
propellants) for low g (on-orbit) abort modes. Implementation of an Orbiter remote
GHy vent capability is still required.

Environmental Interface — The Orbiter-supplied cargo bay prelaunch conditioning
system is adequate for Tug and its payloads,

Avionics Interface — The Tug should take maximum advantage of Orbiter-supplied
standard payload avionicg equipment, Use of Orbiter-supplied avionics support equip=
ment offers reduced intergration susts and operational henefits,

Interface Safety - Detailed Tug/Orbiter interface safety analysis specified caution and
warning philosophy, developed implementation approaches, identified 19 specific Tug
caution and warning areas, and defined the erew procedures and equipment to be used
in the event of a caution/warning occurrence. The incorporation of horizontal drain
capability for Tug cryogenic propellants is not recommended; it results in severe Tug
performance penalties and is not justified by safety hazards analyses.

Payload Scrvices ~ The provision of standard umbilical panels mounted at adjustable
locations throughout the cargo bay would be very desirable to supply in-bay fluid and
electrical services for general Orbiter cargo and Tug payloads,

Based on these conclusions, detail definition was prepared for Tug interface equipment
(deployment adapter, cable kits, and crew compariment panels) and Orbiter accommo-~
dations changes. -

Twenty~two proposed Orbiter accommodations changes were submitted to encompass
all the Orbiter interface recommendations resulting from inferface study activity in-
cluding those mentioned above., Incorporation and implementation of these revisions
will provide smooth Tug/Orbiter integration and excellent interface compatibility, and
is strongly recommended,

As a final study result, interface a..as that would benefit from further technical analy-
ses and predevelopment work were identified. This suggested additional effort includes
structural dynamic response analyses and software design and demonstration in areas
of RMS deployment/retrieval control, Tug plus deployment adapter monitor and con~
trol, and caution and warning implementation,
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SECTION 1
INTRODUCTION

The Space Transportation System flight vehicle, the Space Shuttle, consists of the
major segments shown in Figur~ 1-1, Included as part of this transportation system
is a proplusion stage called thc space Tug, depicted in Figure 1-2 which is carried into
low=earth orbit by the Space Shuttle in the Orbiler cargo bay., The Tug extends Shuttle
capability by placing payloads into higher orbits, such as geosynchronous and inter-
planetary trajectories,so that more payload users may be accommodated,

SOLID ROCKETY
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FILL & DRAIN
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|_.'_ o 360N — — .‘
(915 CM)
Figure 1-1, Space Shuttle Configuration Figure 1-2, MSFC Baseline Tug

Current resource constraints preclude simultaneous development of both Space Shuttle
and Tug. The government plans to have the Air Force develop an interim upper stage
(IUS), to be followed by a NASA-developed full capability Tug at a later date. The IUS
is planned to be operational at or near the Shuttle's initial operaiional capability (10C).
Although the Space Tug operational date is planned for 1983, it is important that Shuttle/
Tug interface requirements be identified early so that they can be incorporated into the
Shuttle. This will prevent having to constrain the Tug design due to prior Shuttle devel-
opment. This advanced planning will also avoid major and costly Shuttle modification
when Tug is introduced. The Space Tug/Shuttle Interface Compatibility Study was struc-
tured o compile, screen, evaluate, and recommend suitable Orbiter interface provi-
sions for Space Tug integration. Figure 1-3 identifies typical Orbiter interfaces asso-
ciated with Tug accommodation, The Shuttle/Orbiter, as currently configured, in-
cludes some general payload accommodations applicable for Space Tug, but a detailed
investigation of specific interface requirements had not previously been undertaken.

Tug interface requirements needed immediate definition and consideration in conjunc-
tion with other payload interface requirements for incorporation into the Shuttie Orbiter
at the earliest possible date. Tug/Shuttle interface compatibility achieved early during
Shuttle development will result in lower Space Transportation Svstem program costs,
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Figurc 1-3. Tug=-Related Orbiter Interface Provisions

“he Interface Study was managed by the Tug Task Team at NASA's Marshall Space
Flight Center, along with four other parallel Tug-related contracted activities., These
other studies, involving ground and flight operations, payload/Tug interfaces, and
Tug avionics, supported the Interface Study by generating accommodation require-
ments within their respective study areas.

The results of the Space Tug/Shuttle Interface Compatibility Study are cortained in the
four volumes of the final report. The four volumes are organized as follows:

Volume I

Volume 11

Volume ITI

Executive Summary — Contains in summary form the objectives, rela-
tionship of the Interface Study to other NASA efforts, approach, data
generated and significant results, limitations, research implications,
and recommendations for additional effort made as a result of the study.

Tug/Payload/Orbiter Interface Analysis — Includes the subsystem
technical analysis performed, including the definition of the Tug func-
tional interface requirements and payload service requirements, de-
tailed analyses and trade studies of Tug/Orbiter interfaces, appropriate
sensitivity studies, and special emphasis tasks,

Tug/Payload/Orbiter Interface Requirement — Contains the system level
interface assessment and the operation/physical definition of the recom-
mended Tug/Orbiter interface, plus a description of the Orbiter and base-
line Tug changes needed to accommodate the recommended interface. Tt
also includes a comparison of IUS and Tug interface requirements, and
recommends interface simulation-demonstration candidates.
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Volume IV Cost Analysis — Providoes the detailed study cconomic annlysis approach,
methodology, and results,

The study was arranged Into six tasks, which were accomplished sequentinlly within
the elght-month performance period:

Task 1 - Funotional Interface Requirements Definition, Tug ground and flight operations

wera analyzed to obtaln a complete accounting of all potential ‘Tug/Orbiter interinces,
their related operations, and safety functional requirements, This analysis was con-
ducted using baseline vehicle and operations definitiong supplied by NASA-MSFC at the
start of the study effort.

Task 2 ~ Baseline Tug Interface Analyses, Approved functional interface requirements

were gystematically evaluated to obtain alternative solutions and determine the optimum
interface approach to satisfy each baseline Tug need. Specific payload through Tug and
direct to Orblter service requirements obtained by trade study were ingluded, From
these subsystem investigations and trade studies, detailed interface requirements for
Tug/Shuttle compatibility "vere itemized,

Task 3 - Sensitivity Analysis. Using updated subsystem requirements from Task 2,
sensitivity analyses were performed to evaluate the effect of Tug operations and de-
wign changes on Tug/Orbiter interface requirements.

Task 4 ~ Tug/Orbiter Interface Requirements, Results from baseline Tug interface
analyses (Task 2) were nssembled through a total Tug systems interface concept trade
study, and a composite set of preliminary Tug/payload/Orbiter interface requirements
were submitted for NASA evaluation, These proposed Orbiter accommodation revisions
were submitted as recommended Level II changes, The NASA assessment included re-
quirements reviews by MSTC and the Shuttle project,

Task 5 - Intorface ond Baseline Revisions. Revised interface requirements were pre-
pared in areas where the government disapproved the initial requirements, Revisions
were defined through trade studies of alternative approaches and haseline Tug changes,
Since relatively few proposed changes were rejected, wnused resources were applied
to Tug/Orbiter interface related special emphasis tasks,

Task 6 - IUS/Tug Interface Comparison, Approved Tug requirements from Tasks 4

and 5 were compared with simifar JUS requirements. Interface requirement incom-
patibilities were evaluated to identify and define major problems and recommend com:-
promise solutions,

1-3
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SECTION 2
STUDY OBJECTIVES

The primary objective of the Space Tug/Shuttle Interface Compatibility Study was to
identify Tug and tug payload related Orbiter intorface requirements, and to act as the
instrument by which specific design changes to satisfy Tug requirements were submit-
ted to NASA, Final objective achievement was accomplished by sequential satisfaction
of the secondary objectives listed below:

a.

.

e,

Assurance that no Tug to Orbiter functional interfaces (hardware or procedural)
are missed or ignored, 7This objective was addressed in Study Task 1, where all
funetional interface requirements were derived and organized.

Allooation of tug payload services and their associated interface requirements
either as through Tup to Orhiter or directly from payload to Orbiter. The pay~
load/Orbiter services accommodations trade study, performed under Study Task
2, asgembled all identified tug payload service requirements, established re-
commended support levels, and allocatud service routings. The results of this
trade study, combined with Tug requirements delineated in Task 1, gave complete
visibility to all combined Tug-plus-payload functional Interface requiremernis.

Contlnue to update requirements by exchanging information with the parallel MSFC
sponsored Tug studies. The coordination ohjective was satisiied through data ex-
change meetings at Marshall Space Flight Center (MSI'C), plus informal telephone
conversations and meetings between members of the Interface Study team, other
contractor study personnel, and NASA engineers, .

Detexmine interface requirements impacts associated with potential baseline Tug
vehicle changes. Sensitivities of recommended interface solutions were investigated
in Study Task 3 for the effect of haseline Tug configuration/design revisions,

Obtain the best interfaces (simple, flexible, and functional) for Tug within the
consuraints imposed by the Orbiter. The Interface Study has evaluated a large
variety of Tug/payload accommodation techniques, compared recommended im~
plementation methods with current Orbiter provided payload services, and proposed
change requests to improve these Interface accommodations,

Identification of additional work necessary to assure proper integration of Tug and
its payload with the Shuttle Orbiter. This additional work was categorized into
Simulation-Demonstration Activity involving predevelopment breadboarding or
prototypes of interface systems, Technical Analyses of critical interface areas

- discovered during the study that are currently poorly defined or very sensitive to

contomplated Orbiter operation revisions or configuration changes, and Support-
ing Research and Technology needed to reduce the total cost of Tug/Shuttle
integration,

2-1
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SECTION 3
RELATIONSHIP WITH OTHER NASA EFFORTS

The space Tug/Shuttle interface compatibility study is closely associated with other

NASA programs involving Space Tug, the Space Shuttle Orbiter, and Shuttle payloads,
This relationehip resulis from the interface study's purpose, which involves tha ovalu~

ation and improvement of Tug and tig payload to Orbiter interface requiremenis and
provisions,

Space Tug Activities, TFour other Tug-related studies were sponsored by Marshall
Space Tlight Center (MSFC) in parallel with the interface compalibility study, The
study titles and their association with Tug and/or payload to Orbiter interfaces are
contained in Table 3-1,

Table 3-1. Parallel MSI'C Tug Studies

o

Study Contractor Contract Numbeyr

Tug Fleet and Ground Operations Martin Marfetta ,NAS8-31011
Schedules & Controls Corp. (MMC)

1US/Tug~Orbiter Operations & International NAS8~31009
Miwalas Support Business Machines

| aBm)
Space Tug Avionics Definition General Dynamics NAS8-31010
Convair (GDC)

1US/Tug Payload Requirements MecDonnell Douglas NAS8-31013
Compatibility Corp (MDAC)

Each of the four parallel Tug studies overlapped the interface compatibility study to
some degree, These overlaps were beneficial since they addressed particular inter-
face problems irom various operational and physical implemeniation points of view.
Figure 3~1 depicts the operational overlaps between studies, The specific interfaces
affected during these operational overlaps are identified in Table 3-2. As shown, at
least two parallel Tug studies had an interest in each interface compatibility study
interface area,

Orbiter Development. Since evaluation of Orbiter intexface nccommodations for Tug

ation of Orbiter payload services {s important. During performance of the interface
compatibility study the horizontal flight test Orbiter veliicle was being fabricated,

- 3-1

suitability is a major portion of the interface study task, the specification/implement-
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Figure 3-1. Operational Relationship of Other Tug Studies

with Interface Compatibility Study

He ~dware design effort was involved with producing an aerodynamically stable, struc-
turally sound, flyable vehicle. Payload accommodations were in a "planned” rather
than "implemented” mode. Continuing review by potential Shuttle users of the "Space
Shuttle System Payload Accommodations' document, JSC 07700 Vol. XIV, occurred
during this period, which resulted in changes and investigation of alternative interface
approaches,

Other Shuttle Payload Activi'' s, "tential Shuttle payloads other than Tug were also
evaluating their Shuttle-era activity requirements concurrently with the MSFC sponsor=-
ed Tug work. These efforts included DOD fupded IUS studies. Jet Propulsion Laboratory
(JPL) planetary spacecraft studies, European Space Lab development, and other NASA
funded activities including the Space Shuttle Payload Description Activity (SSPDA). All
these efforts reviewed Orbiter accommodations related to their payloads, and many proc-
essed ' oposed interface revisions through the MSFC payloads office and the JSC payload
interface pane' '"hese activities also resulted in potential Orbiter interface revisions.

Table 3-2. Overlap of Other Tug Studies with Interface
Compatibility Study Interface Areas
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SECTION 4
STUDY APPROACH

A systematic study approach was en'nloyed to identify, evaluate, and arrange for in-
corporation of Tug/payload interfaces in the Shuttle Orbiter, The six study technical
tasks were performed sequentially as shown in Figure 4-1 to obtain detailed Tug-plus~
payload-to-Orbiter interface requirements.

Tug operations were initially analyzed to identify functional interface requirements,
Approaches to satisfy these requirements for the baseline Tug were ‘hen evaluated.
These results, plus sensitivity analyses results evaluating the impact of baseline Tug
changes on interface requireinents, were assessed and a se of Tug/Orbiter interface
requirements defined., The government then reviewed these requirements and any
necessary interface or baseline Tug revisions were defined. Interim Upper Stage (1US)
requirements were introduced into the final technical task and compared with Tug
interfaces. The process that was used to proceed through the study from functional
requirgments definition to IUS/Tug interface comparison, as shown in the figure, de-
veloped detailed Tug/payload interface requirements and a compatible Tug /Shuttle
interface definition.

(SEP) (NOV) (DEC) (APR)  TASK 1 ESTABLISH TUG/ORBITER
(JuL) 1t DATA 2nd DATA MAJOR  FINAL FUNCTIONAL INTERFACE
ORIENTATION EXCHANGE  TXCHANTE  STUDY  PRESEN AEQUIREMENTS
MEETING MEETING MEET" G REVIEW  TATION
Iy 4
TASK 2 PERFORM ANALYSES & TRADE
K1 — UPDA €~ AT STUDIES TO DETERMINE OPTIMUM
V1 [wueoars INTERFACE REQUIREMENTS FOR
BASELINE TUG & ITS PAYLOADS
) Ee— - -
TASK 2 H [PUPDATE b 1ASK 3 DETERMINE INTERFACE SENSITIVITY
I T e TO VARIATIONS IN BASELINE TUG
A DEFINITION
TASK 3 |H—
TASK 4 RECOMMEND TUG/ORBITER INTERFACE
; REQUIREMENTS
Y.V
TASK 4
TASK 5 PREPARE ALTERNATE INTERFACE
SOLUTIONS BASED ON REQUIREMENTS
[ 3 REVIEW RESULTS. PERFORM SPECIAL
P 3 EMPHASIS STUDIES
L]
NASA
1 }—
H mnmsnnnoui_’F
T - TASK 6 COMPARE IUS & TUG INTERFACE
REQUIREMENTS
| TAske |-

Figure 4-1. Relationship of Interface Study Tasks
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SECTION b6
BASIC DATA GENERATED AND SIGNIFICANT RESULTS

Each of the six interface compatibility study tasks made some significant contribu-
tion to the overall goal of defining Tug/Payload/Oxbiter interface requirements and
establishing Tug peripheral equipment parameters, Three of six study tasks, how=
ever, produced a majority of the study output, Task 1 generated and compiled the
Tug/Orbiter interface functional requirements for use during the subsequent study
tasks. Task 2 developed and evaluated alternative methods of implementing these
functionnl requirements by subsystem, and Task 4 assembled appropriate interface

subsystems into deployment support systems, selected the best approach, and docu-
mented the Tug configuration, Orbiter interface, and operations changes required,

In the following text, important results for these three tasks are summarized. It is
important to recognize thet significant reswlts documented under Tug subsystem inter-
face analysis (Section 5. 2) comprise recommendations reachsd as a consequence of the
systems level evaluation (Section 5. 3).

5.1 FUNCTIONAL INTERFACE REQUIREMENTS DEFINITION

Fundamental to a study of Tug interface requirements is the assurance that no inter-
face function has been missed or ignored. Thus, a systematic approach was taken to
identify and document all interface requirements, This approach defined functionai
requirements derived during Tug/Orbiter operations as they relate to determining
interface needs, and organized these functional interface requirements to permit sy s~
tematic evaluation within technical disciplines.

Major elements of this approach are: use of opeational functional flow diagrams to'
identify all interface requirements, a safety and reliability assessment of identified
operations and interface requirements, and a s'iitably orzanized compilation of these

~ interface requirements.

These requiremeiits were arranged in two sequences: operationally (mission phased)
for each first level function flow block identified, as shown in Mgure 5-1, and by sub-
system or technical discipline to better support tho interface subsystem trade studies,
as shown in Figure 5~2,

The output of this task, the Functional Interface Requirements Matrix, has been docu~
mented in Report CASD/LVP 74-048~-FIRM and is republished in Volume II, Section 2
of this final report, This compilation of Tug functional requirements was used during
the subsystem interface analysis task to ensure that the detail implementation of Tug/
Orbiter interfaces satisfied all safety and functional needs,

5-1
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Pigure 5-1. Example of Operationally Phased Functional
Interface Requirements Data Sheet

|  ProcEDURE
SYSTEM 1 STRUCTURE
# Sheet .3_ ol i
SUBSYSTEM | FLUIDS
AVIONICS
Rete nce e ———————y
Funct, 0 FUNCTIONAL INTERFACE SAFETY/RELIABILITY CRITERIA }—L_
Block b o s S
1.1 &1 Contimnue to provide all fMluid system er< o Same as 2,3, . = e
ace lines & panels installed & verifieu e Establish definite sequence limits,
in 2,1 & 2,20 enable: safe hold positions & hold time limits,
® Verilication of Muld systom statw ® Provide intevlocks to preclule madver-
in preparation for loading, tent dropout of discomects during load
¢ Pre=cool, ‘oad, monitor and lop a ing through final couwtdown,
requined thy main Lily & L0y tanks, s
¢ Load and monitor ACES fuel (Nyilg)
tank, I -
¢ Pre~cool, lowd, monitor & top as L =
required the fuwl coll reactant Eo
Links,
/" i By At mi \——-‘/

Figure 5-2, Example of Tug System Functional
Interface Nequirements Data Sheet

5.2 TUG SUBSYSTEM INTERFACE ANALYSES

The base¢’me Tug subsystem interface analyses task providad the technical data,

trade studies, and screening process to translate functional interface :equirements
into firm, realistic Space Tug/Orbiter detailed interface requirements.

Before initir‘ing these subsystem analyses, payload service requirements were deter-
mined., Payload needs are important since they compete with Tug for available
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Orbiter services and must be considered with Tug functional requirements to deter-
mine composite interface accommodations, This activity is addressed following the
presentation of interface subsystem results,

Combined Tug/Payload interface requirements were investigated on a subsystem basis
to fully understand the functions of each device or operational action and thereby
determine its detail interface requirements, In addition to interface analyses for the
MSFC baseline Tug, alternative interface concepts were investigated, The subsystem
interfaces we  grouped into six categories by technical discipline as shown in Figure
5-3. The indicated accommodation(s) of major importance are presented in detail

in the following text, Other interfaces included within each technical discipline have
their recommendation summarized in the appropriate subsystem table,

SUBSYSTEM ACCOMMODATION
STRUCTURAL :U&'gnng
MECHANICAL g::;?:‘r::m
mies,
ENVIRONMENTAL S .
AVIONIC . gg:;;%t &
SAFETY gﬁ%n&na &

Figure 5-3. Interface Subsystem Categories

5.2.1 STRUCTURAL SUBSYSTEM. Detailed structural interface requirements were
defined for each major Tug-to-Orbiter load-carrying connection, These connections
occur directly between Tug and Orbiter, and through intermediate peripheral equip-
ment such as a deployment adapter, Loading conditions imposed by the selected
structuval support interface concept must meet objectives of general compatibility

with Orbiter payload provisions, result in tolerable Tug deflections, and impose
minimum performance penalty on the Tug, Major structursl support system investiga-
tions, results, and recommendations are itemized in Table 5-1, Expanded discussion
includes description of the recommended Tug/Orbiter support technique and fitting
design for Tug handling,




Table 5-1. Summary of Structural Intertace Work

Investigation Results

) Recommendntions

Reaction/ Performance Reaction exceedance for deter-  Use redundant supports,
Analysis of 21 Support minate systems,
Arrangements Performance penalty for direct  Use deployment adapter,

Tug support,
Finite Element Model Verification of screening paru-
of Tug Support System meters,

Large deflections and low re- Use redundant supports,

sponse [roquencies for
dete rminate systems,

Tug Payload Support Large reaction exceedance and  Design Tug structure to can=
Capability performance penalty for biggest tlever 11k Ib (5k kg) payload,
payloads, Separately support larger pay-
loads from Orbiter.
Preliminary Fitting Suggested design concepts, Grasp hub rather than
Designs and Handling Handling should occur at major  fitting shaft,
PProvisions support fittings, Current shaft
grasping imposes large bend=-
ing loads,

The structural support system recommended for Tug is the six-point doubly redundant
(in Z and Y directions) configuration depicted in Figure 5-4. The three aft supports
(two X/Z and one Y) are located on the Tug deployment adapter (D/A), This adapter
is Tug=-peculiar peripheral equipment, which remains attached to the Orbiter during
Tug deployment, The D/A cylindrical structure provides distribution of the point
axial (X) Orbiter support loads into the Tug shell, and serves as a convenient mount-
ing location for other support/servicing equipment including umbiiical panels, dump
pressurization, and interface electronics,

The redundant six-point support system recommendation results from a comparative
evaluation of the six best candidates obtained from the initial screening, including
both statically determinate and redundant support arrangements,

The major evaluation criteria used in the
selection process were: Tug A-weight and
A-payload capability, Tug/Orbiter clear-
ance loss due to Tug dynamic response,
and support reaction compatibility with
Orbiter :apability, The selected configur-
: ation is compatible with Orbiter capability;
»a it uses all existing primary support loca-
. )J tions, and no reactions (including crash)
‘: exceed Orbiter capability for MSFC-
developed payload/Orbiter accelerations,
The six-point redundant support system is
best for Tug; it results in low Tug body
%, 961 loads, least deflection (0.2 inch (0.5 c¢m)

Figure 5-4. Recommended Tug at X, 936) least dynamic response, and
Support System excellent Tug performance.
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'\”T,f_(f'fxn/nue FITTING The preliminary Tug/Orbiter fittng de-

b ™ rmne  8ign shown in Figure 5-6 was developed

TUG FIAME

SHAFTY

and recommended by the interface study
for Tug support and handling,

P — e e g A ——— R ‘

lL \‘ \\ , (N_J;’ This approach permits standard handling
1.60 2.00
l 250 |

\ . “ L and optimized Tug (and other payload) fit-

ting design. The concept uses an ungus-
I‘igurc 5~5, Recommended Tup seted, larger~-diameter hub to more effi-
Titting Configuration clently carry fitting loads and to provide
a location for AGE attachment, Lighter
Orbiter payloads (than Tug) would retain a specified hub outer diameter, but could
adjust the material thickness and properties as required for their specific loading
canditions,

5.2.2 MECHANICAL SUBSYSTEM. The Space Tug must be supported by Shuttle
during launch, atmospheric flight, reentry and landing, released during deployment,
and recaptured at mission completion. Mechanisms are required to engege/disengage
structural latches and umbilical panels plus accomplish Tug deploymeiit and recapture,

Mechanical subsystem investigations, results, and recommendaticns are summarized
in Table 5-2, The recommended deployment adapter configuration shown in Figure

5-6 contains all Tug-peculinr mechanisms required for transfer of Orbiter/ground
services and support of deployment, retrieval, and abort operations. Because the
deployment adapter is a cylindrical structure to provide efficient axial load distribu~
tion, a rotational deployment feature is incorporated to allow Tug removal during
deplesrment without infringing on the Orbiter cargo bay volume available for Tug pay-
loads. Tigure 5-6 shows the adapter in its rotated position. By using the deployment
adapter concept, Tug umbilical and deployment mechanisms can be attached and checked
cut before Tug installation into Orbiter. The entire Tug, adapter, and umbilical support
are installed as an autonomous unit into the Oxbiter, The selected support concept
shown requires umbilical panels, pivot actuators, Tug-adapter latches, alignment
guides, TV cameras, and RMS attachments for interface between Tug and Orbiter,

During deployment rotation of the adapter, two struts are used to restrain the umbili-
cal panels and provide a reactior, path for the rotation actuators., These struts attach
to the Tug service panels located on the Orbiter 13C7 bulkhead, Two Orbiter-supplied
mechanisms are used by Tug for mission surport, the longeron support latches and
the remote manipulation system (RMS).

Use of the RMS to deploy and retrieve Tug was investigated, Retrieval is considered
the most difficult operation: specifically attaching the RMS to Tug and repositioning
and inserting the Tug into the deployment adapter. Deploying involves the same ac-
tivity but with much less emphasis needed for guiding and alignment since the Tug will
be moving in a direction away from the Orbiter,
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Table 5-2, Summary of Mechanical Interface Work

Investigation

Results

Recommendations

Tug Pivot Location and

/A Rotation Angle

Conceptual Design of
lotation Mechanism

Umbilical Panel Dis=
vnable Heengage
Technique

RMS Operations for
Tug Deployment and
Hetrieval

MS End Effector

D/A to Tug Separation

Lateh Conceptual

Pivot should be placed between
Sta 1190 and 1260, Minlmum 35
deg rotation needed for UF
establishment,

RMS foree inadequate for fitting
release (friction). Position lock
needed,

Individual redundant drives for
each panel are complicated,

Details of suggested Tug deploy -
ment/retrieval operation include
visual aids, operator controls,

Two diverse operations: Tug
deploy ment /vetrieval and con-
tingency wse,

Uniformly distributed lutches
are structurahyy inefficient,

Roti‘e at primary X/7
support at Sta 1246,
Use 36 deg rotation,

Use dual linean ball
serew actuntors mounted
on one side,

Use D/A rotation to dis-
connect fluld umbilicals,
C & W electrical dis-
connected at D/A Tug
separation,

Processor support,
Manual rate and jog
controls, Operation
envelope constraints,

Provide on-urbit end
effector exchange capa=
bility mon=kVA),

Reduce 16 ‘atches to 11:
distribute avout Orbiter

Design RMS force inadequate for Tug attachment pesition,
withdrawal (friction), Provide push-away fea-
ture in lateh design,
; TV CAMERA
A J r
ELECTRICAL UMBILICAL PANEL “ ' STA
1307
ALIGNMENT
GUIDES
DEPLOYMENT ADAPTER PIVOT ACTUATORS (2)
UMBILICAL &
TUG/ADAPTER ACTUATOR
LATCHES (11) SUPPORT
FLUID UMBILICAL PANELS (2)
R e eanl et A i e e e s L e T S

Figure 5-6. Recommended Deployment Adapter Mechanisms
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The study recommended retrieval procedure depicted in Figure 5-7 is accomplished as
folicws: the Tug is safed, oriented and placed in an attitude hold condition prior tc ap-
proach of the Orbiter, The relative Tug/Orbiter position for Tug retrieval can be ob-
served in all areas from any two or three available viewing points, thus giving the re-
dundancy necessary for collision avoidance. With the Tug and Orbiter positioned and
stabilized, the RMS is aligned to the attachment fitting using the RMS mounted TV as
primary ald, Immediately before active attachment, both the Tug and Orbiter attitude
control systems are turned off so that no acceleration exists between the RMS and fit-
ting. The RMS control capability enables end effector velocity matching to the Tug,
which is accomplished with man-in-the loop computer control. Attachment is obtained
by extending the end effector until a proximity switch signals contact to cause grasp-
ing of the Tug., The Orbiter attitude control is reactivated, and the Tug ACS is safed
for mission termination,

For translating the Tug and insertion into the deployment adapter, direc* vision through
the bulkhead window and TV vision from the deployment adapter camera are used to
ensure proper alignment, The combined RMS tip position error, angular error, and
end effector attachment error can be monitored through the adapter TV as the Tug
approaches, Manual input by the manipulator operator to the computer-coutrolled

Tug insertion program enables RMS positioning of Tug to center the Tug's c'ocking

A OPERATOR DIRECT VIEW PREATTACHMENT ALIGNMENT RMS
B D/A TV CAMERA VIEW DOCKING PROBE LOCATED 0.6 m
C RMS WRIST TV VIEW FROM TUG RECEPTACLE
. D OPERATOR DIRECT VIEW
i X N
\ \ \}7’
\ 48 /
Ny Y, ’
~ L~
of ¥/
S d v A .
—_— e —/ J
0.6 METERS NOMINAL PREINSERTION NOMINAL D/A INSERTION
PREATTACHMENT POSITION 10 m FROM POSITION 1 m FROM
AL.GNMENT DOCKING DOCKING
a Y ==
.
[pr— ‘I_'_l —_—
\ €7 J . )

Figure 5-7. Procedure tor Orbiter RMS Retrieval and D/A Insertion of Space Tug
5=7
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target. The remaining significant alignment error is around the Tug centerline in roll.
With the target centered, the alignment stripe visible through the window gives indi-
cation of roll positioning.

Preprogrammed computer control with manual override enables Tug installation into
the deployment adapter in minimum time with small effort, By programming a time=-
motion acceptable for moving a maximum weight Tug/payload, a fixed procedure can
be used on all mission configurations to decrease crew training and software changes.

5.2,3 FLUID SUBSYSTEM, Tug fluid functional requirements must be satisfied
through the use of Orbiter-mounted Tug fluid service equipment with lines 1I to 18
feet (4.0 to 5.5 m) long connecting grovnd/Orbiter and Orbiter/Tug interface panels.
The fluid interface analysis task determined the optimum number, size, and sharing
of service line functions and developed the detail specifications (pressure, flow, tem-
perature, control requirements) in sufficient detail to ¢ stablish design requirements
for the Orbiter-mounted equipment (transfer lines, disconnects)., Table 5-3 summar-
izes the investigations and significant output.

Figure 5-8 identifies the fluid service line interface requirements for the Space Tug.
It depicts the baseline configuration in which all service lines (except the GOy vent)
pass through the 1307 bulkhead and, with the exception of the LH, flignt vent, the
T=0 panel, Line diameters and number of interfaces at the deployment adapter/Tug
flight disconnect panels, the 1307 panels, and the T=O panels are identified,

Table 5=3. Summary of Fluid Interface Work

Investigation

Hesults

Recommendations

Determine Fluid Line
Physical Requirements

Control Requirements

Service Panel
Locations

Abort Requirements

Optimized dimensions and iden-
tified interface parameters,
Need for separate LOy topping
line,

GHgz vent must be transferred
from T=O (prelaunch) to remote
location for ascent,

1307 panel locations compatible
with D/A-Tug umbilicals and
minimum line lengths,

Dump lines sized for RTLS (300
second dump) abort, Initial and
final settling thrust required
from Orbiter for low g dump.
Small settling thrust required
for full duration ot low g dump.

Ten service lines needed for
baseline concepts. Eleven
service lines required for side
panel option. No appreciable
Tug impact.

Place vent selection valve in
/A — two Orbiter 1/F. Tug
dump under Tug control (Orbiter
initiate).

1307 panels should not be moved.
Side panels for LH, and LO,
dump are acceptable.

5.0 LH, 4.0 LOy through T-O.
4.8 LH3 4.0 LOy through side.
Low g dump initiation - 3600 b
thrust for 20 sec, termination
3600 1b thrust for 50 sec. Use
axially dumped Tug propellants
+ 360 1Ib thrust.




Figure 5-9 shows an alternative fluid line routing convept currently being considered
by the Orbiter in which the abort dump lines and leakage vents exit through the Orbiter
mid=body (no 1307 or T-O interfaces), Liameters required for the dump lines in the
altermative concept are approximately the same as baseline; but the fill and drain lines,
which pass through the Orbiter aft fuselage, are reduced to 2 inche: c¢m) diameter,
Tug-related weight differences and performance deltas between the b.. line and the
optional configuration are insignificant. Generally, the Tug is relatively insensitive

to the fluid service routine approach employed by the Orbiter, and either the baseline
or the option shown are acceptable to Tug.

One alternative proposed, but not shown in Figure 5-9, is routing the inflight GH, vent
(Code 3) to the cargo bay side panel. This location may impose operational veating
constraints on Tug during ascent, which are undesirable. A remote hydrogen vent
located in the tip of the Orbiter vertical stabilizer is recommended for Tug use.

DIA

COOE FUNCTION (IN.)  (em)

1| LH2 FILL, DRAIN & DUMP 50 |127

2 | GM2 VENT (PRELAUNCH) 30 | 78

3 | GH2 VENT INFLIGHT) 26 | 64

4 | FUEL TAZK LEAKAGE VENT 075 | 19

5 | NaH4 DRAIN & RELIEF 05 | 1.3

6 | LO2 FILL DRAIN & DUMP 40 |102

7 | Loz TopPiING 076 | 19

8 | GOz VENT 20 | 852

9 | OXIDIZER TANK LEAKAGE VENT | 076 | 1.9

10 | HELIUM SERVICE 038 | 0.96

Figure 5-8. Baseline Tug/Orbiter Fluid Service Accommodations
TUG DIA

CODE FUNCTION (IN) (em)

1| LH2 DUMP a8 122
D/A 2 | GH2 VENT (PRELAUNCH) 30 | 76
3 | GH2 VENT (IN-FLIGHT) 25 | 6.4

4 | FUEL TANK LEAKAGE VENT 075 | 19
J- = 5 | N2Ha DRAIN & RELIEF 05 | 1.3
6 LO2 DUMP 40 |10.2

7 | LO2 FILL DRAIN & TOPPING 20 | 8.1

ORBITER 8 | GOz VENT 20 | 51
9 | OXIDIZER TANK LEAKAGE VENT | 076 | 1.9

*’ 10 | HELIUM SERVICE 038 | 0.96

v 11 | LH2 FILL, DRAIN & TOPPING 20 | 6.1

Figure 5-9. Optional Tug/Orbiter Fluid Service Accommodations
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Space Tug/Orbiter fluid interfaces and operational requirements were defined that are
compatible with all Orbiter abort requirements, The return to launch site (RTLS)
abort depicted in Figure 5-10 is the propellant dump line configuration design driver,
Dump line diameter requirements are predicated on simultaneous dump of both pro-
pellants at thrust-to-weight ratios between 1,0 and 3,0 during Space Shuttle main
engine (SSME) operation, Minimum dump time available before SSME burnout (last
RTLS opportunity) is 300 seconds, with SSME burnout occurring »t an altitude of

170, 000 feet (52 km), well above the 110, 000-foot (34 km) altitude below which H, com-
bustion is possible. At these altitudes, the dumped propellant plume has a two -phase
(solid/gas) core 60 degrees wide surrounded by expanded gas out to the Mach infinity
line, so no lHquid or solid propellant impinges on the Shuttle.

With the dump system sized for the RTLS abort, propellant dump time for on-orbit
abort extends to 1100 seconds because the lower Shuttle thrust-to-weight (T/W) ratio
attainable reduces head pressure available in the LOy dump lines, This required on-
orbit dump time is longer than the Orbiter RCS and/or OMS thrusting time normally
available, so use of thrust produced by the dumped propellants (360 1b (1600 N) maxi-
mum) for settling must be employed during part of the dump. The Orbiter must provide
axially aligned propellant dump exits in its Tug umbilical panel to avail itself of this
capability, To initially establish stable dump flow and to reduce end-of-dump residuals,
four Orbiter RCS thrusters are operated during the first 20 and the last 50 seconds

of dump to increase settling T/W, Figure 5-'1 shows end-of-dump residuals for the
range of on-orbit T/W available, Calculated residuals using Tug propellant dump
thrust settling only are very high and very sensitive to the actual dump thrust avail-
able, Use of four Orbiter RCS thrusters reduces residuals 1w near the practicable
minimura and is recommended for the Tug on-orbit dump procedure, The results of
these investigations have shown that dump of Tug's hydrogen and oxygen propellants

is feasible and safe for all Shuttle abort modes,

nan

; =1 -_b. i
‘ b ‘\" E =3 3 0 “‘ A L
] Mi" :’["' \ ¥ 1% A ]
- [ — It u J ?7 §
8 s T:.“:I, :| Yo Vi ‘I i .
I3 AriEn \¢ ( : e |
-i' [[]] i SPIoH S5 luﬂl ur 8 |
[two ouwr ) - |
= #, '..': it -;:n.nm ¥ - ,; e | :
| ..| L 55U CRELT j ol olia  m— ¥
i FEBEAS i~ WO b 2000 4000 6000 A000 10000 12000
t:lm utm u_;n F..;T. ‘ulmu -v‘-l-u- uIaT 3 n%:n _T?%T fi'i? L_dhm --_ldn
DISTANCE DOWNRANGE o m. (km) SETTLING THRUST Ib (kN)
Figure 5-10, Tug Propellant Dump Figure 5-11. On-Orbit Abort Settling
Parameters for RTLS Thrust Effect on Tug
Abort Trajectory Propellant Residuals
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5.2.4 ENVIRONMENTAL SULSYSTEM,. The Tug and its payload must be capable of
surviving in the environment of the payload bay; conversely, the Tug must not produce

an envircamental condition that can adversely affect the Orbiter or payload, This
subtask asscssed the environmental interface using the NASA-supplied baseline Tug
and payload environmental requirements, Thermal, contamination, and acoustic en~
vironments were considered and the results of these investigations are summarized

in Table 5-4.

The trade study conducted to establish compatible ground conditioning specifications
and Orbiter payload bay conditioning control requirements for baseline Tug plus pay~-
load was the most important investigation involving the functional environmental
interface, As the first step in developing prelauncn conditioning needs, spacecraft
requirements were reviewed to determine the parametric constraints to be used in
purge gas thermal analyses for Tug conditioning during prelaunch tanking, Temper-
ature and humidity iimit requirements were determined from the NASA/MSFC SSPDA
document published in July 1974, for the fifty Space Tug payloads, Temperature
limit data showed a common max/min temperature limit band between 59F and 69F
(288K and 294K), with a maximum relative humidity requirement of 0 percent for
some spacecraft and values up to 95 percent for others.
given; i,e., 0 percent relative humidity is apparently acceptable for all spacecraft.

No minimum limits were

Table 5-4. Summary of Environmental Interface Work

Results

SSPD Spacecraft
Prelaunch Thermal
En-1ironment

Limits between 58 and 6OF
(288 and 294K) acceptable
for all SSPD Tug payloads.

Recommendations

Use prelaunch purge
temperature of 64 + OF,
(291 4 3K)

Prelaunch Orbiter purge temperature, hu=  Minimum humidity and
Conditioning midity and flow capability accept= maximum flow best for
able for Tug prelaunch prelmmceh,
operation,
Tug Attachment No design impact caused by tem~ No fitting design changes
Fitting Temperature perature extremes, necessary,
Extremes
MLI Purge Vent No spacecraft contamination Vent MLI helium purge
Location with payload bay -ent, gas to payload bay,
Ground Operations Class 10000 environment ac= Use class 10009 purge
Cleanliness ceptable for 927 of Tug for facilities, GSE and
Requirement spacecraft, payload bay,
Flight Operations Con-  APS exhaust impingement can Inhibit Tug APS acti-
tamination Control be major contamination source, vation until clear of
Orbiter,
SSPD Tug Payload 647 of SSPD Tug payloads ap- SSPD Tug payloads re-
Acoustic Environment pear to be acoustically quire detafled compati-
sensitive, bility study
»
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To preclude condensation of moisture on paylond bay und Tug surfaces when Tug cryo-
genie propellants are tanked, payload bay purge nitrogen 18 required with a dewpoint
helow that of anticipated surface tomperatures, Parametric annlyses were performed
to predict purge gas and Tug surface temperatures o8 functions of GN, flow rate nnd
inlet temperature. The Orbiter cargo bay prelounch conditioning system depicted in
Figure 5~12 provides purge gas flow from a forward manifold past the spacecraft and
Tug and through check valves at the Station 1307 bulkhead (=115 1b {62 kg) per minutoe)
und the Station 1128 payload bay vent (> 116 1b (52 kg) per minute)., Three stub outlets
are available in the purge distribution duct for specinl conditioning flow requirements.

As shown in Tigure 5-13 a purge rate of 120 to 140 1b (54 to 04 kg) per minute 18 re~
quired for purge nitrogen having a dewpoint of =761 (213K) to remain within the pay-
load tempexnture requirements, TFo' gas with a ~45F (231K) dewpoint, 230 to 280 ib
(104 ot 127 kg) per minute flow is required, and for gos with a dewpoint as high as
~32F (238K}, the flow rate requirernents is beyond the present Orbiter capability of
464 1b (165 kg) per minute. Relative humidity for purge gas with dewpoints such as
these is, for all intents, 0 percont, Conrdensation and frost formation will result if
purge gas with anything over a fractional part of 1 percent relative humidity is used
with Tug. This investigation showed that the Orbiter-supplied prelaunch conditioning
system is compatible with the Tug plus Tug payload requirements, Since a forward-
to-aft purge flow is desirable over the full Tug length, binsed alt cargo bay side vents

are needed to exhaust GNy purge flow exceeding the 1307 bulkhead check valve capability.
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Tigure 5~12, Orbiter Prelaunch Con-
ditloning Provisions

Tigure 5-13. Tug Plus Payload Purge
Requirements

5,2,5 AVIONICS SUBSYSTEM. Avionics interfaces between Tug and its operating
environment are of both a functional and physieal nature and consist of 1) hardwired
interfaces between the Tug vehicle, its deployment adapter, the Orbiter, ground,
and the Tug payload; and 2) RF communication links interfacing the Tug with Orbiter
and ground ecudpment when the Tug is deployed from the Orbiter.
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The avionics task fundamental goal was selection of the monitor and control implemen-
tation technique and the equipment allocation to accomplish it, A suminary of the re-
sults and recommendations obtained is presented in Table 5-5.

The implomentation of the electrical interfaces for the recommended concept is
illustrated in Figure 5-14, which shows the location of Tug system liardware units
and their interfaces with urbiter units, Major /< ectronies elements associated with
the Tug deployriient adapter include the deplsyment adepter interface unit, the actua-
tors associated with the control of propsilants, flulds and gases; deployment intexr-
face hardware, instrumentation, and the Deployment Adapter Power Control Unit.

Orbiter avionice available for payload use include a widebuand signal processor (for
spacecraft); Payload Interrogator (for RI' communication with payload); Payload
Signal Processor (interface to payload multiplexer-demultiplexer (MDM); Payload

Table 5-5. Summary of Avionics Interface Work

Investigation

Roguilts

Rocommendationa

Allootton of Tug/Orbiter Three ‘Tug-supplied control

Intorface Hardware +

Softwarae

Effoctivity /Man~
Machine Interface

Tug/Paylond Powor
Requirements '

Service Panel
Locatlons

panels; ABQRT, DEPLOY~
MENT, CHECKQUT
INITIALIZATION.

Tug-supplied software =210 k.
Orbiter-supplied equipment: GPC
+ 8/ operating systems, MDM,
PEP, PI, MTU, PDI,

Throe~man crow adoguate for
Tug,

Migsion Specialist (Tug control),
Pllot {deployment/cupture),
Commander (vehicle control).

Orbiter-supplied powsar (1000W)
not adequate during escent and
abort for Tug + D/A + P/L,
(1478 W required. )

Cnrgo bay panels and raceway
slze provisions adequate,

No Tug or Tug/payload require~
ment for T-4 panel,

Reduce physical Interface
through multiplexing;
hard lines for safety
monitors, Use Orbiter~
supplied P/L support
equipment whero possible,
Use Tug capability to re-~
duce Orbitar software
requlrements,

Tug controla at MSS,
Deployment controls at
PHS,

Use of CRT end key~
board with computer
control, monitor,

005 panel
powar for pre-
launch, Tug
fuel cells dur~
ing flight.

1307 panel
power nll
mission
phasas,

Tug plis
paylond

D/A

Provide power raturn
provisions at 1,in 1307,
695, Provide cable
coniector backshell
growmding provision at
ull service panel
locations,

Delete 'T'-4 panel,

. 5-13.
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Figure 5-14, Diagram of Recommended Tug Avionics Interface

Data Interleaver (for payload operational telemetry (TLM); payload Caution and
Warning (C&W) electronics unit and indicator units; and limited use of the Orbiter
general purpose computers,

Tug use of the Orbiter avionics is assumed in addition to Orbiter supplied cathode-
ray tube (CRT) and keyboards, and associated alphanumeric display electronics and
mass memory storage for Tug-unique software, Tug-provided equipment required
in the aft crew area includes Tug operations control and abort control panels plus the
associated interface electronics, Discrete inputs to the P/L MDM from the mission
specialist station (MSS) control panels are used to initiate GPC activity for Tug con-
trol uuder norial and anomalous conditions, Discrete outputs to the MSS control
panels from the P/L. MDM provide talk-back monitering of events to the Mission
Specialist. Safing of Tvg system functions is accomplished through redundant serizl
links from the payload signal processor units (2) to the D/A interface unit and Tug
avionics.

Optimum use of Orbiter-provided capability was made to 1) reduce the Tug design and
development costs by not duplicating Orbiter payload support functions, and 2) simplify
Orbiter/Tug operations on the ground and inflight, Less Tug-unique equipment and
interfaces installed into the Orbiter should aid turnaround time and assist interface
test and checkout; during inflight operations crew familiarity with standard Orbiter
hardware should ease crew operation associated with Tug.

The electrical service routing requirements for the spacecraft, Tug, Deployment
Adapter, and Orbiter are showa in Figure 5-15. The various Tug and spacecraft
interface functions are greuped according to function and identified by code number,

Power is supplied to the Tug/spacecraft and the Deployment Adapter through separate
interfaces (Codes 6 and 7, ' 2spectively), Orbiter-dedicated and backup power from
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Figure 5-15. Tug Electrical Services Routing

station 695 is available to the Tug via the Deployment Adapter power control unit (PCU)
for on orbit-checkout and validation .perations, while Deployment Adapter power
(dedicated and backup) is provided through Orbiter station 1307.

iie combined Tug plus payload service wiring requiremenris obtained from this recom-
mended routing plan are well within stated Orbiter capability. Table 5-6 compares
Orbiter accommodations with Tug and payload requirements,

5.2,6 INTERFACE SAFETY. The safety analysis objective was to identify and elimi-
nate or control any interface hazard that can compromise safety of the Orbiter, Orbiter
crew, or ground crew, The fault-tree analyses previously developed during the

Space Tug Systems Study was used to ensure that rafety analyses are conducted

within the framework of overall Shuttle safety., Evolving interface designs were
evaluated to ensure that the safety requirements were properly implemcncd in the
candidate interface designs. As each design neared completion, a safety criteria

checklist was prepared to document compliance or highlight any safety criteria
deviations, and the rationale for these deviations,

A mission hazard analysis was conducted to 1) identify potential hazards associated
with Tug/Shuttle interfaces and 2) identify suitable design features, procedures, and
operational constraints ihat eliminate or control identified hazards, Orperations
assoclated with potential emergency situations were examined, as were interface
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Table 5-6. Orbiter Accommodation/Tug+Payload Requirements Comparison

Orbiter Tug Payload
Service Provision Hequirement Hequirement
Connectors 207 TSP 16 TSP 121 TSP
Aft Crew 9 TP 4 Coax
Station 29 Conx
(Sta 576) 6 Cable B
Connectors 202 TSP 6 TSP 15 TSP
T=0 Umbilical 14 Coax 2 Coax 47TP
Power
MSS as0 w 100 W 600 W
Sta 6956 000 W Limited to 1000 W 1740 W
during ascent (Zero during ascent)
Sta 1307 500 W . 81 W

(D/A only)

hazards related to normal Tug operations. Included in this group are hazards associ-
ated with propellant dumping during launch or flight aborts, potential propellant leaks
into the payload bay, potential overpressurization of propellant tanks, emergency re-
lease of Tug/Adapter through extra venicular activity (EVA), and potential Tug/Orbiter
collision.

The principal tool used in assessing reliability of interface designs was the failure
modes and effects analysis (FMEA). Single failure point information was developed for
failures that might resuit in mission loss and those that could compromise the safety of
Orbiter/crew. Mission-loss single failure points were considered acceptable as long
as the overall reliability requirement was attained. Safety-critical single failuie points
were "designed out, " or alternative modes of operation and backup capability developed
to preclude them.

The summarized results of the interface safety investigations are itemized in Table 5-7.
Of the many analyses conducted, caution and warning was of particular interest.

The philosophy used in the caution and warning (C&W) system is that caution and
warning indication should be used only when a threat to the safety of the Orbiter

or crev manifests itself and immediate crew action is required, Implicit in this
philosophy is the requirement that the crew must have available to them some action
that will counteract the hazard, The implementation approach used in this analysis is
shown in Figure 5-16. The caution and warning functions for the Tug were identified
through review of the failure modes and effects analysis and hazard analyses.

A warning is defined as an event that requires immediate crew action/attention,
Warnings esult in 1) illumination of the master warning light, 2) illumination of a
specific warning light, 3) continuous sounding of the warning horn, and 4) a CRT dis-
play indicating the warning condition and the crew action to be taken. The master
warning light and the warning horn can be reset to OFF, but the specific warning light
and the CRT display will remain active until the hazardous condition is actually cleared.
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Table 5-7. Summary of Interface Safety Work

Investigation Results Recommendations

Conflicting Payload (Tug) Severe design complexity Use: No single fallure shall result in a hazard that
Safety Requirements and high cost for "Fail Oper-  jeopardizes the flight or ground crew.
ational Fail Safe" criteria,

Caution and Warning Identified caution vs warning 5 tank pressure high and low warning functions.
Requirements items; developed test and 1 muaster caution function
dispiay parameters, 14 cautions on CRT
Special Tug Configuration LCM on both propellant tanks.
Hazards: Encapsulated umbilical disc,

Propellant Leakage
Pressurization System
Inadvertent Operation

Overboard purge vent,
Employ arm-safe switches
Employ isolation valves,

Identiffed Tug detall design
parameters for MSFC

of Flight Systems consideration,
Special Tug Operational
Hazards:
Deployment/Retrieval Potential comm deadband, C&W hardwired through rotation,
C&W via RF after separation.
Abort (Propellant Dump) Burnable mixture cannot be Concurrent dump safe above 170,000 ft (52 km)
ingested by Orbiter. altitude.
Contingencies Possible mechanism failures. Use RMS with EVA backup.
Propellant Horizontal Operational convenlence to No horizontal drain lines,
Vent/Drain accommodate double faflure - Provide horizontal hydrogen vent

not a safety requirement,

A typical example of a warning CRT display and the information that might be suitable
for display is shown in Figure 5-17, A three-color presentation (red, yellow, green)
is recommended to highlight critical information and aid in rapid crew evaluation and
response. Five Tug functions, all associated with prope!lant tank pressures, have
been identified as warning indications; these are

LH,y TANK OVERPRESSURE, LO, TANK OVERPRESSURE, LH, TANK UNDERPRESSURE,

L0, TANK UNDERPRESSURE, NoH, TANK OVERPRESSURE

[ FMEA'S/HAZARD ANALYSE sJ
T

v ¥ CommECTIVE ACTION 1. VENT OVERRIDMN
POTENTIAL [ IMMINENT HAZARD ] 2. L82 oW
HAZARD ; TG LOo2 SYSTER STRATUS
l PRI SEC
MASTER L ARNI'G LIGHT ANK PRES VLV
& CONTINUDUS HURN
MASTER
1Fy f 1
:23:,?“”"”' g:lgumn LIGHT e RN NTR o0 0N
CREW RESPONSES Ly
* L RATCH pp;l-;
| i J Figure 5-17. Typical CRT Warning
Figure 5-16. Caution and Warning Display with Problem
Implementation Solving Information
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Each of these functions is displayed on the MSS caution and warning panel to provide
immediate crew problem identification.

A caution is defined as an even! that does not constitute an immediate hazard, but does
require corrective crew action bofore a secondary event (or failure) occurs, Cautions
result in 1) illumination of the master caution light, 2) intermittent sounding of the
warning horn, and 3) an indication on the CRT of the caution condition and the crew
action to be taken, The master caution light and the warning horn can be reset to OFF,
but the CRT display will remain active until the potential hazardous condition is cleared,

Fourteen caution indications have been identified for Tug and its peripheral equipment:

APS IS0 VLV OPEN DEPLOY ARM/SAFE ARMED
ME IS0 VLV OPEN APS CLUSTER FAILED
TUG/ADAPTER LATCH OPEN  APS PRI ELEC FAILED
TUG/SUPPORT LATCH OPEN  APS PROP LOW

TUG/ORB DISC OPEN Hy IN LCM

ME ARM/SAFE ARMED o IN PIL BAY

APS ARM/SAFE ARMED
NoHy IN P/L BAY

5.2.7 PAYLOAD ORBITER SERVICE ACCOMMODATIONS TRADE. Because Tug
payloads compete with the Tug for Orbiter-supplied services such as power and data
processing, an early study task was analysis and identification of the accommodations/
support services required by Tug payloads and the determination of their safety
requirerients,

Once the service requirements were Jofined using SSPD data, analyses were made to
determine the best method of accommodating these services. Figure 5-18 shows the
four possible implementation techniques,

f The results of the payload services accom-
ROM ORB ITER
ROUTED COMPLETELY modations trade are graphically displayed
ROUGH 106 in Pigure 5-19 and shown in greater detail
in Table 5-8. Power and caution and warn-
ing signals are routed through (or supplied
by) Tug, while fluid services are generally
routed direct to the Orbiter through a for-
ward-mounted Tug umbilical panel. The
ROM ORBITER Tug-mounted forward panel was selected to
}‘”g"im'g'ga‘gg‘ standardize this interface, since direct
Orbiter-to-payload umbilicals would be
Figure 5-18, Payload Services Accom- nonstandard due to payload geometry
modating Choices variations.

TUG-SUPPLIED

DIRECT FROM— \
ORBITER f
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THRU AFT ORBITER
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¢ ATG WATER COOLANT

SPROPELLANT DUMP*
(LRG PROPULSIVE P/L ONLY)

SPROPELLANT VENT*

S SPECIAL ENVIRONMENTAL*
CONDITIONING

*PRELAUNCH (GROUND)*
COMMUNICATIONS

THROUGH TUG
*NyHg VENT
¢ BATTERY VENT
© CAUTION & WARNING
* GROUND & ON ORBIT POWE R

*SERVICES ROUTED

STA 695 POWER PANEL

TUC PROVIDED
® ASCEN,: =
ON ORBIT POWER
SCOMMUNICATIOM
TRANSMITTAL
STA B35 T 4 PANFL

* LIQUID HELIUM*
FiLL & DRAIN

ORBITER CREW COMPARTMENT

THARU TUG FORWARD
UMBILICAL PANEL

* GROUND POWER

Figure 5-19. Recommended Services Implementation

Table 5-8, Payload Service Accommodations

e MONITOR & CONTROL
* COMMUNICATION (RF)
SCAUTION & WARNING
*DATA PROCESSING

Payload Inte ﬂ*g
Function Service Level __Accommodation Tug Orbiter
Prop, F&D ~ .5 in, dia, each prop, Re mote No No
Abort Dump < 500 Ib Self contain No No
*> 500 Ib Ove rhoard dump kit No* Yes
Vent ~ .6 in. dia NoHy prop. Integrate w/Tug RCS vent Yes Existing
~ .5 in, dia each other prop. Ove rboard vent kit No* Yes
Press Fill ~ .25 in, dia Remote No No
Vent ~ .25 in, dia Into cargo bay No No
Battery Vent ~.5in, dia Integrate w/Tug bat, vent Yes Existing
or self contain
LHe F&D - 1.0 dia Direct to 835 T=4 panel No* Yes
Vent ~ 1.0 dia Into cargo bay No No
RTG Cooling ~ .6 in, dia HyO inlet/outlet Thermal control unit No Yes
~3.0in, dia steam vent (water boiler) kit No Yes
Shroud Repress No known Payload autonomous No No
Conditioning ~ 3,0 in, dia class < 5000 GNgy Direct to Orbiter No* Yes
Communication 2 KBS up 51 KBS down Via Tug avionics Yes Yes
Caution & Warning | 35 signals Through Tug Yes Yes
Data Processing Storage & Computation Orbiter supplied No Yes
Power 700 W ground & on-orbit Trbiter 695 panel via Tug | Yes Yes
600 W ascent From Tug fuel cell ‘ Yes No
*Assumes forward umbilical panel
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To standardize Orbiter interfaces while maintaining desired payload mix flexibility,
it is recommended that provisions for umbilical panels be located at multiple Orbiter
fuselage stations, Figure 5-20 shows an example of panels located at Y, = -30 and
Xo = +10 in, from each of nine centermost primary attachment locations, The panels
will enable disconnection of payload fluid and electrical services for deployment and
reconnection following retrieval, Only the panels required for a particular mission
will be installed, The umbilical panels will be connected to the balkhead service
panels, T-4 panel, or 695 power panel through tubing and hamess kits routed through
the cargo bay s< vice raceways, The proposed location for these mission kit umbilical
panels has been selected to preclude harness violation of Orbiter mid-fuselage crawl-
way space,

SUPPORT UMBILICAL
BEAM | PANEL
\
MOUNTING FLEXIBILITY 1 e ﬂ
8 E
RETENTION POINTS \ i 41
- ¥ - CARGO BAY ] |
l" At it * SERVICE RACEWAY 7/ |
Y /,\ [

i«»ﬂf»+** _*__f_‘lv:.u At |\
L .'? unn t.OCATl + v L VK_._.‘\_.";,.”_:M i,.’!;
659 10?0 v',, v;-o\

et
Xg %87 1079 30 ORBITER
CRAWLWAY SPACE

Figure 5-20, Typizal Panel Configuration and
Suggested Mounting Locations

Incorporation of this capability would permit satisfying limited use requirements with-
out penalizing Tug design by carrying special lines on all flights. If standardized um-
hilicals are not provided, each payload may require several different umbilical designs
with the resulting Orbiter changes. The incorporation of this service accommodation
throughout the Orbiter cargo bay is strongly recommended.

5.3 TUG/ORBITER INTERFACE REQUIREMENTS

This task assessed the baseline Tug subsystem interface recommendations of the Sub-
system Interface analyses from a total Tug/Orbiter standpoint, identified the recom-
mended composite Tug/payload interface requirements, provided a detailed definition
of these requirements and proposed changes to the Space Shuttle System Payload Ac-
commodations document JSC 07700, Vol, XIV Rev C.

The initial interface requirements task activity, an interface system trade study, pro-
vided a compa rative assessment of three alternative support/deployment methods.
Table 5-9 and the discussion below summarize the considerations and results of this

assessment.
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Table 5-9, System Assessment of Tug/Orbiter Support/Deployment Methods

ADAPTER LATERAL ROLLOUT ROTATE W/RAMS

EVALUATION

PARAMETER C}M q&(é E : g
DEPLOYMENT DEVICE D/A - RMS PIVOT ARMS — RMS RMS
CLEARANCE CONTROL VERY GOOD BEST MARGINAL
C&W FUNCTIONS NO DEADBAND DEADBAND DEADBAND
UMBILICAL ALIGNMENT BEST ADEQUATE } ADEQUATE
OPERATIONAL SIMPLICITY VERY GOOD ADEQUATE J‘ POOR
TUG PERFORMANCE | REFERENCE 48 LB (22 kg) i' +113 LB (+61 kg)

I I/F EQUIP COST REFERENCE - $0 09M I $0.76M N

RECOMMENDATION SELECTFD

The adapter and pivot arm deployment/alignment techniques provide the best Tug/
Orbiter clearance control, Additionally, the adapter provides a positive guard against
structural interference of the Tug engine and aft cargo bay bulkhead during retrieval
operations when Tug is RMS inserted back into the Orbiter, The deployment adapter
concept eliminates the gap in communication of safety monitor data, Hardwires are
maintained through rotation until RF communication can be established, The close
coupling of Tug and adapter provide better umbilical alignment than floating Tug-
to=Orbiter connections,

Operationally, the rotaling deployment adapter provides Tug system autonomy, ease
of maintenance and checkout, simplifies Tug changeout, and improves interface
verification by enabling a complete system checkout of in-flight functioning umbilicals
before installation in the cargo bay, A small geosynchronous delivery performance
difference exists for the three concepts, The cost differences are also insignificant.

The result of the deployment /support system trade was the recommended retention of
a deployment adapter concept very similar to that used with the MSFC baseline Tug.
The overriding selection criteria were operational flexibility and safety rather than
performance or cost considerations.

Based on the deployment adapter system selection for Tug/Orbiter interfacing, de-
tailed description of the Tug-peculiar peripheral equipment was accomplished, In
addition to the cylindrical D/A structure, peripheral equipment includes monitor and
control panels and software, mechanisms, umbilical panels, and fluid/electrical
umbilical kits,
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Tug peripheral equipment can generally be separated into the three categories shown
in Figure 5-21: payload bay support equipment (deployment adapter), crew compart-
ment equipment, and umbilical kits that connecl Tug plus deployment adapter (o
ground umbilicals and Orbiter crew controls,

DEPLOYMENT ADAPTER

e 7
\ /

)
o 3 ."’

S T

FUEL PANEL UMBILICAL KIT
(ORBITER SUPPLIED)

DEPLOYMENT ADAPTER
ELECTRICAL UMBILICAL KITS
MONITOR & CONTROL
EQUIPMENT

CREW COMPARTMENT EQUIPMENT

MISSION PAYLOAD OXIDIZER PANEL UMBILICAL KIT
SPECIALIST HANDLERS (ORBITER SUPPLIED)
STATION STATION WEIGHT cosT
ey EQUIPMENT (POUNDS)  (kg) (1,0008)
1
| 2 PANELS ll L__..__] ADAPTER STRUCTURE 592 314 4270
& MECHANISMS
UMBILICAL SUPPORT 98 aa 1,149
& MECHANISMS
CARGO BAY UMBILICAL KITS FLUID SYSTEM 737 335 2,967
I AVIONICS HARDWA R & 273 124 4,402
m MONITOR INTEGRATION ASS Y & C/O 0 1,606
: CONTROL AVIONICS SOFTWARE 0 1,260
ELECTRICAL KITS POWER TOTAL 1800 817 15,654

Figure 5-21. Tug/Orbiter Peripheral Equipment Description

Deployment Adapter. The adapter consists of a load-carrying cylinder that provides
deployment positioning and contains subsystem interface equipment, including the
abort helium storage bottles, umbilical panels and interface electronics,

Crew Compartment Equipment, The Tug uses Orbiter-supplied man-machine inter-
face monitor and control equipment located in the crew compartment, data processor,
memory storage, and the pilot and commander's CWA panels, The Tug-supplied
equipment needed to use this Orbiter-supplied equipment includes two display /con-
trol panels for the MSS and one for the payload handler station, plus integration
software, ‘

Cargo Bay Umbilical Kits, Tug fluid kits are included in the deployment adapter.
The only separate kits are those for monitor and control electrical wiring, Tug
power, and the forward umbilical panel disconnect mechanism and lines,
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Tug/Shuttle interface equipment DDT&E cost at WBS Levels 5 and 6 is $15.6M,

This cost reflects total cost expended to the government for all phases of Tug/Shuttle
interface planning, linison development and integration, with estimated cost growth
nllowances for uncertainties, Interface cquipment production cost is estimated at
$2.T™™ per shipset,

Orbiter envisioned payload accommodations are generally compatible with the recom-
mended Tug/Orbiter operational plan and its associated interface requirements, An
evaluation of documented Orbiter payload services (JSC 07700, Vol, XIV, Rev, C)
indicated that some changes would be desirable for Tug plus its payloads, Twenty-
two proposed change requests were prepared by the Space Tug/Shuttle Interface Com-
patibility Study Team and submitted to MSFC for their assessment and processing.
Some of those changes were revised several times to reflect interface requirements
revisions and MSIC directed modifications.

Orbiter accommodations changes submitted are itemized in Table 5=10, Most of these
proposed changes clarify or better describe Orbiter accommodations already identified
in J8C 07700 Vol, XIV. Several of the avionics change requests (012, 014, 017 and
022) asked for expanded payload use of Orbiter-supplied equipment. Proposed changes
prepared by the interface compatibility study were transmitted to MSFC as the first
step in the review/implementation cycle,

Table 5§-10. Interface Study Proposed Orbiter Accommodations Changes

Effoct on Ovbiter

Intorface Aroa

Ideit Title Accommoilations T'echnlenl Digeipling
to1 GNa Purge Bequirements Al vent provisions Envirenmental
002 T=0 Fuol Panel Svrvices Dutail deseription Fluid/eleetrienl
(HH T=0 Oxdilizer 'onol Servicos Dotail deseription Fluld/electrical
00 Beel FTG Rotation Mol New duployment requivement Strvetural

[1]Ee) RNS Ead Effcolor Detall requirementa Muchanical

Ut R’MS Control Roqulrenunty Detafl deseription Muoohanien)

007 Oubiter € £W toquiremonts B/ Loung Sufoty

008 Prop Grientation Regul vomonts Sottlpg thrust Fluids

ooy Fwd BN Sorvives Defail deseripifon Elcoliienl

010 AL Bervices Detafl desoription Electrical

o1 Vent & Dump Requirements Exbuust Provislon Flulds

¥ Duta Dus Accons Expanded P/L uso Avionles

018 Expanded CEW Cap Mora enpability Avionics

014 Expanded PSP Cap Expandetl P/L use Avionles

015 . 1107 Pancl Belocnte Grrd OPS vequiremont Fluld/elvat eal
016 Fwd Umbilenl Panel P*loxible sorvices Flukds

617 Command Cap Requirements Expanded /1L use Avionies

01K TLM Tnput Requirements No, 1 Dotall desaription Avionfoa

019 ~ Btruet Support Clarif Clavifieation Structural

o0 New lirddge Boam New requiremoent Struotural

021 TLM Input Requiremenis No., 2 Dednil ﬂnaeripﬁnh Avienfus

042 Crew Cabin 1/F Expanded D/L use Avionics
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SECTION 6
STUDY LIMITATIONS

Interface compatibility study limitations are associated with each of the major elements
considered (Tug, tug payloads, and Orbiter) in both a hardware and operational

sense, Each ol these elements exhibits definition uncertainties, which are dependent
on their development phase,

6.1 SPACE TUG

The Tug design is still in a conceptual phase, While its basic geometry, main pro-
pulsion, and other major subsystems are relativcly well defined, the possibility of
significant future changes should not be ignored, Recommendations by the inter-

face study and the other parallel contracted activities have had significant interface im-
pacts. For example, the recommended use of thermally integrated lightweight fuel

cells eliminates supercritical reactant fill, drain and vent lines, which simplifies the
fluids interface considerably. Future changes of this type should constitute expected
results from subsequent studies and technology advancements, While subsystem changes
will affect individual sexrvice requirements, no Tug modifications are envisioned that
would negate the basic interface approach recommended by the interface study,

This approach employs a flexible intermediate unit (the deployment adapter), which
adapts Tug to Orbiter and eliminates or appropriately conditions interface impacts, .

6.2 TUG PAYLOALS

Most Shuttle-era Tug payloads, while based on currently designed spacecraft, are

in a conceptual definition phase, Many payload agencies have retained a ""We plan

to do business with Shuttle just as we now do with expendable launch vehicles"
attitude, which does not appear to fully recognize (or take advantage of) Shuttle differ-
ences. Once Shuttle becomes operational, these payloads will adapt themselves to
exploit Shuttle's peculiar (with respect to expendable launch vehicles) benefits,
Changes in desired payload services and operations that affect both Tug and Orbiter
will result,

6.3 SHUTTLE ORBITER

Orbiter development had proceeded to manufacture of the horizontal flight test article

during the interface study performance period, Although the basic Orbiter vehicle o
hardware was in fabrication, payload intexface accommeodations and services were

planned, rather than implemented., Payload accommeodations change activity is ex- g
pected to continue at its current level for at least the next two y2ars, resulting in ..k

considerable revision to currently planned services,
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SECTION 7
IMPLICATIONS FOR RESEARCIH

Interface~reiated areas that would benefit from additional technical effort have been
identified during performance of the Space Tug/Shuttle interface compatibility study,
These technical nctivities have been separated into four categories: identification of
technology drivers, additional annlyses of critical interface areas, predevelopmont
breadboard or prototype design activity to reduce risk and program costs, and
recommended supporting research and technology programs,

7.1 TECHNOLOGY DRIVERS

This category pertains to new technology developments required to effest the re-
com:mended interface concept. Since all study recommendaticas for Tug/Orbiter
interfnce implementation use current technology and/or available off-the-shelf
hardware, no technology drivers exist for peripheral equipment development,

7.2 TECHNICAL ANALYSES

Arens listed below are recemmended for expanded interface analyses, All these
areas were investigated during the interface compatibility study, and additional
analyses beyonsl the scope of contracted study effort are required for problem
solution or interface definition/verification, In conjunction with the needed analyses,
many of these items are also candidates for subsequent predevelopment work as
Indicated in Section 7.3.

a. Structural Dynamics, More rigorous analyses using up-to-date Orxbiter data are
required to better determine Orbiter payload cffects.

b, RMS Software Control, Quantification of RMS joint (wrist, elbow, shoulder) angle

geometry and force characteristics for control software develcpment,

c. Tug Monitor and Control Software, Software requirements analysis of all Tug/
Orbiter operational interfacos (status verification, deployment, retrieval, abort)
including determination of Tug/Orbiter software interfaces and allocation of soft-
ware responsibility,

d., Tug Caulion and Warning Software, Using philosophy and implementation tools
devialoped during interface study investigations, software should be designed
for all Tug caution and warning functions,

e. Avionies Ground Interface with LPS, Tug/Orbiter interface avionics definition
should be expanded to include its functional prelaunch ground interface with
the KSC launch processing system,
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7.3 PREDEVELOPMENT ACTIVITY

I'v domonstrate fensibility of the preceding technical analyses resulis, simulation
notivity with prototype software and hardware should be norformed, This pre-
dovelopmont work will verify analytical solutions and/or identify Intorface problems
early enough to reduce risk and program costs., "Three arcas have been ldentified
that offer vory frultful ground for simulation-demonstration work,

8, Remote Manipulation System (RMS) control for Tug deployment, recapture and
insertion into the cargo bay.

h. Prototype development and demonstration of Tug deployment adapter (D/A)
mechanisms,

¢, Integration and tegt of Tug erew compartment monitor and control equipment
with D/A peripheral equipment and selected Tug prototype systoms and flight
operations,

7.4 SUPPORTING RESEARCH AND "ECHNOLOGY

Savoral interesting rescarch areas assoeiated with Tug/Orbifer interface needs
were identified during the study. ‘Cheoy include applieations problems thitt must be
resolved, pure theoretical research, and investigation of a current expanding tech-
nology for possible space application,

n, Efficlent method of concentrated load introduction into Tug and deployment
adapter graphite epoxy structure.

b. Dovelopment of graphite epoxy structure grounding technique to preclude static
charge buildup and subsequent discharge to Tug tank structure and Orbiter.

¢, Use of a Centaur vehicle to conduct a high altitude LH,-LO, engine charging
experiment,

d. Development of low-power, high-reliability actuators for space Tug control of

fluids and gases,

e. Evaluation of optical data link techniques for possilile Orbiter/Tug interface
communication benefits in reduced weight and power requirements, increased
elactrical signal ésolation, and higher operafing speeds than conventional inter-
face components, :
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SECTION 8
SUGGESTED ADDITIONAL EFFORT

Continued Tug/Orbiter interface-related activity should be pursued in areas of

1) Orbiter payload accommodation suitability for Tug, 2) updating of Tug definition
to incorporate latest study recommendations, and 3) proposed analytical and pre-
development work contained in Section T,

During the performance period of the interface study, numerous changes in Orbiter
payload interface accommodations and Orbiter flight/ground operations occurred,
which affected Tug/Orbiter interface implementation concepts and Tug conceptual
design, These Orbiter changes will continue throughout Shuitle development and flight
test as Orbiter performance limitations, funding constraints, and general payload
accommodation requirements become better known, Tug evaluation and reaction to
this on~going Orbiter change process must be continued to assure the final interface
compatibility of these two vehicles. Processing of additional Orbiter accommodations
changes against JSC 07700 Vol, XIV should be continued to assure future Tug/Orbiter
interface compatibility.

The interface study and parallel MSFC~sponsored operations, payloads, aid avionics
studies have all recommended baseline Tug design, operations, and interface imple-
mentation revisions, Convair's combined interface compatibility study and Tug
avionics study team, consisting of experienced Space Tug system study personnel,

is uniquely qualified to aid MSFC in updating their baseline Tug configuration and
supporting documentation, Data is now available to better definitize Tug subsystems
and their integration, TFor example, a current Tug structural model, incorporating
support recommendations from the interface study, should be developed for Shuttle
iniegration analyses.,

Recommended Tug and peripheral equipment avionics systems should b . integrated
into the baseline Tug configuration, In addition to Tug design and configuration
revisions, associated changes should be incorporated into the MSFC 68M00039 base~
line Tug documentation,

The technical analyses and predevelopment activity delineated in Section 7, Implica-
tions for Research, should be initiated immedfately to verify recommended interface
solutions and identify potential problems, Early performance of these tasks will
alleviate critical downstream cost impacts and reduce overall program risk,
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