MOEDONNELL DOUGLAS ASTRONAUTICES COMPANY

/

MCDONNELL DOLGLA

ASa-Ca~161610 ESIGN
Lodce AND APPLICATIONS SPAC| . ¥ol-13u76
3 ' 4 AL

Strouautics Co.)

CoCL 28 G3/14




Volume 11
TECHNICAL REPORT

Mcoomuatt% CONCEPTUAL DESIGN STUDY OF A
DOUGLAS o SCIENCE AND APPLICATIONS SPACE
comroma PLATFORM (SASP)
OCTOBER 1980 MDC G9246

- ) ‘——~’
PREPARED BY: 3“,%_0(,.“&
Fritz C. Runge —
Study Manager
McDonnell Douglas Astronautics Company

APPROVED BY: hlvﬁ?\\em
Max Nein
COR
NASA/Marshall Space Flight Center

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-MHMUNTINGTON BEACKH
5301 Soisa Avenue Huntington Beach, California 92647 (714) 896-3311






PREFACE

This document (Volume II, Technical Report) contains material prepared by
McDonnell Douglas Astronautics Company on the Conceptual Design Study of a
Science and Applications Space Platform (SASP); as defined in the Statement
of Work for Contract NAS8-33592 by Marshall Space Flight Center, where the
contact is:

Max Nein, COR

NASA/Marshall Space Flight Center

PS02, Building 4200

Marshall Space Flight Center, AL 35812
Telephone: (205) 453-3430

Requests for further information will be welcomed by the following McDonnell
Douglas personnel:

e Fritz C. Runge, Study Manager
McDonnell Douglas Astronautics Company
5301 Bolsa Avenue
Huntington Beach A 92647
Telephone: (714, 896-3275

e Vince W. Madigan, Contract Administrator
McDonnell Douglas Astronautics Company
5301 Bolsa Avenue
Huntington Beach, CA 92647
Telephone: (714) 896-2201

o Roger D. Nichols, Field Office Representative
3322 Memorial Parkway So.
Suite 122
Huntsville, AL 35801
Telephone: (205) 881-0611

NOTE: Volumes I and III are Executive Summary; and Programmatics, Cost and
Schedules Report, respectively.
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INTRODUCTION

Starting in the mid-1980's, platforms in low-earth orbit will provide highly
beneficial and adaptable accommodations for a great variety of science and

applications payloads.

This document contains the results of a one-year Phase A concept study of
such a platform (attached to a Power System) conducted for NASA/Marshall
Space Flight Center by the McDonnell Douglas Astronautics Company - Huntington

Beach.

The platform configuration conceived in this study consists of a two-part
evolution as shown in Figure A, The First urder Platform consists of minor
appendages to the Power System for improved payload viewing, whereas the

Second Order Platform is designed to accommodate more and larger payloads.

The platform design philosophy is as follows:
e Provide a highly-modular system for:
- low cost initial utilization with extended-duration Spacelab payloads.
- conservative escalation of mission capability.
- flexible adaptation to the great variety of payload sizes, groups,
and orbits being planned.
e Maximize payload integration simplicity and flexibility of Platform use.

o Optimize division of labor between platforms, Power System, and payloads.

Such a long duration, multipayload, free-flight Platform will not only be
beneficial to many payloads, but also to certain overloaded mission support
elements such as data relay satellites. Figure B illustrates the modular

elements of the Platform System.
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Payloads which will particularly benefit from platform flight include
the following:

e Payloads which have similar orbit altitude and inclination requirements.

e Payloads whose budgets preclude investment in dedicate. - -ex-flyers.

e Payloads which have pr.viously flown on Spaceisb pallets for short
durations in the Shuttle sortie mode and desire long 1ration flight,

a more benign environment than Shuttle, and minimal transicion for
payloads and their original pallet installation.

e Payloads whose flight durations are in a range of a few months to a few
years, or those requiring periodic earth return, on-orbit modification,
maintenance or replenishment; wherein, costs of dedicate.l spacecraft
and multi-rendezvous Shuttle services would be prohibitive for solo-flown
payloads.

e Payloads which when grouped for maximum synergism are of significant
size and constitute a multi-Shuttle delivery operation and thus, require

a centralized orbit rendezvous, assembly, and resource facility.

In general, the Platform provides ecunomy for the payloads community by

virtue of (1) the ~entralized provision of resources, (2) long-term availability
as a "rental” racility for long- or short-term users, and (3) a single orbital
address for Shuttle to support a number of payloads as opposed to the multiple

rendezvous prospects of separate spacecraft per payload.

Although the Platform has a broad spectrum of potential utilization, it is
not generally conceived as a vehicle for those payloads which have extremely
unique orbits or payloads which would have or create untenable interfaces

with the Platform by virtue of physical or operating features or sensitivities.



This Phase A study followed and capitalized on an extensive Pre-Phase A
study by NASA in-house at MSFC, and also paralleled a major portion of a
TRW study of plattorm payload prospects.

The overall objectives and flow of the study covered in this document are
shown in Figures C and D; the latter expanded in a detailed task flow in

Appendix A at the end of this document.

The overall -~onclusions of the study are as follows:

o The platform configuration shown in Figure A can effectively support
from 80-85% of the NASA/0SS and OSTA payloads planned for the mid-to-
late eighties from a performance standpoint (earlier NASA programmatics
analyses indicated considerable cost benefits for payloads with the
platform mode versus dedicated free-flyers for each payload).

o The modularity shape and size of the recommended platform concept offers:

a low-inves‘ment, early capability option to demonstrate system
performance.

flexibility for conservative growth as needs or funds permit.

adaptability in configuration arrangement to a great variety of

multi-discipline, dedicated discipline, or application modes.

good dispersion and viewing freedom for payloads up to 12 meters

in length.

e The subsystem approaches recommended are based on a logical and cost-
effective distribution of labor among payloads, Platform, and the
Power System.

e Although most candidate payload definitions/requirements are currently
sketchy, the great number . . diversity of payloads (50-60) accommodated
by the recommended platform concept e ¢ sound basis for the

concept.



o Develop Concept for a Long Duration Free-Fiight Platform
in Low Earth Orbit to Provide:

o Eftective Accommodations for a Broad Variety of
Payloads

¢ Flexibility for Dedicated or Multi-Discipline Payload
Groups Which Have Large Difterences in Size and
Schedule

e Capabilities That Extend and Complement Those of
the Power System

¢ Routine, Dedicated Use of Orbiter for Delivery, Revisit
and Exchange

e Capitalize on 0SS and OSTA Payload Definitions, Updated User
Inputs, the Prior MSFC In-House Study and the Concurrent
Payload Assessment Study

Figure C Study Objectives
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e The T-bar and cruciform configurations inherent in the recommended
Platform, with rotary joints on each leg, provide very good viewing,
separation, and loading features for payloads.

o Deployable structures offer stowage compaction advantages for long arms
but structural modeling for analysis and development testing is required.

e Stabilization of 1.5 arc seconds can probably be achieved with an
instrument pointing system for payloads with platform structure selected.

o The impacts of transition of Spacelab sortie payloads to platform flight
can be kept to a minimum.

e Shuttle RMS support of platform deployment and loading requires a
special berthing arm for the extended span reaches involved or RMS
relocation.

e The reference Power System used in the study fulfills most Platform/
payload requirements but numerous minor changes are required.

o The study raised many design and operational issues which require more
detailed analysis in the future to better address (1) the emerging inter-
face definition needs of the recently-initiated Phase B Power System
study,and (2) the accommodation needs of representative mission scenarios,

recently outlined in the companion TRW study.

From a payload standpoint, therefore, the prospects of flying on first and second
order versions of a Platform, offer a beneficial progression of orbital accommo-
dations after Spacelab flights, as indicated in Figure E. This escalating
capability provides an effective combination of a minimal impact, major improve-
ment in payload accommodations, long-duration unmanned flight, increasin,
separation of payloads, provision of man for activation, loading and servicing,
centralized, extensive resources, and periodic, single-destination use of
Shuttle, all shared economically and used at will on a rental basis by many

different users through the years.

O



The remainder of this document (Volume Il of III) is divided into sections
corvesponding of the first eight of the nine tasks in the stucty. The ninth
task is covered in a separate volume (III) entitled "Programmatics, Costs
and Schedules". An Executive Summary of the study is also published in a

separate volume (1).
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Section 1
PAYLOAD ACCOMMODAT IONS

(Task 1)

1.1 PAYLOAD REQUIREMENTS

Individual payload requirements for the Platform are documented in references
1-1 through 1-5, as provided by the NASA offices ov Siace Science and Appli-
cations. Figure 1.1-1 illustrates the total payload data base as it was
computerized in our study, including Materials Processing Payloads (R-01
through R-04) from reference 1-3. Significant data base updates were made
twice during the study, based on new information provided by NASA. Although
requirements data will continue to change and improve for some time to come,
as payload concepts become actual designs, the broad envelopes uf requirements
created in this study constitute a good representation of the payloads of the

late 1980's and thus, a good basis for platform conceptualization.
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To simplify requirements analyses these datawereput into computer format
for the MCAUTO-CONFIRM program which is a Conversational File Information
Retrieval and Management System. Data subsequently presented in Section 1.3
were developed using the CONFIRM computer capability. Figure 1.1-la
illustrates the vast differences in character of typical platform payload

candidates.

EACIAHSISIILIN, 2>

Figure 1.1-1a Typical Platform Payloads

1.2 PROGRAM OPTIONS

Since program-level mission considerations were called for by the Statement of
Work, a range of program options were initially investigated, as shown in
Figure 1.2-1. Initial reporting on Program Option B was provided at the early

reviews. Figures 1.2-2 and 1.2-3 illustrate preliminary payload power require-

ments for platform sizes for three sets of 2, 3, and 4 pallets each.

Following the First Quarterly [Drictinag, the requirements effort was redirected

10



effort on representative program option sets.

PROGRAM
OPTIONS PLATFORM LOCATIONS
A PLATFORMS AT 28, 59 AND 90° (BASELINE
CASE IN MDAC/OSP STUDY)
8 PLATFORMS AT 28,59 (2), 579 (2) AND 90°
(USED AS EXAMPLE IN THIS SECTION)
¢ PLATFORMS AT 28,59, 579, 70°, AND 90°
PLATFORMS AT 23.5%, 579, 70%, AND 90°,
AND SUN SYNCHRONOUS
3 PLATFORMS AS NEEDED PER USER GROUP
F PLATFORMS AS NEEDED FOR USERS WITH

COMMON VIEWING INTERESTS

toward definition of requirement envelopes only, in lieu of continuing the

CRITICAL AREAS

IDENTIFY PAYLOADS
CLEARLY UNSUITED
TO PLATFORM

DEVELOP COMPATIBLE
PAYLOAD GROUPS FOR
EACH PROGRAM
OPTION

NUMBER OF PALLETS/
PAYLOADS PER
PLATFORM

Figure 1.2-1 Program/Platform Orbit/Quantity Options
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1.3 PAYLOAD REQUIREMENT ENVELOPES

Payload parameters contained in the NASA Data Base Reports, were ordered
computerized and analyzed to generate requirement envelopes as seen in
Figures 1.3-1 and 1.3-2, Average Power-Viewing Payload. These charts exclude
Material Processing and Life Science payloads (non-viewing) from the deter-
minations; however, examples of power requirements for these payloads are
shown in Figure 1.3-3a. Manned versions of those two payloads involve a manned
access module with requirements as indicated in Figure 1.3-3b. The payload
power data incorporated 500 watts of power for Instrument Pointing Systems,
as required to meet accuracy and stability requirements. These payload power
requirements were assumed to include any necessary computer, input/output and
support electronic power. This assumption was found to be incorrect and an
increment of 707 watts was added to reflect avionics requirements and higher

IPS consumption. Similar requireme . envelopes were prepared for the following:
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Pointing accuracy

Pointing stability
Charts presented later in

Peak power
appropriate section.
Data rates
Contamination
Payload mass
Payload size See Figures 1.3-3c, 1.3-3d, 1.3-3e,
Payload availability and 1.3-3f, respectively.

Payload minimum 1ifetime (desired)

All Viewing Payloads Solar Terrestrial Payloads
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Average Power (Watlts) Average Power (Watts)

Figure 1.3-1 Average Power - Viewing Payloads
(Includes IPS Power for Stabilization ¢0.5°)
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Figure 1.3-2 Average Power - Viewing Payloads (Continued)
(Includes IPS Power for Stabilization <0.5°)
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REQUIREMEN1S AND CHARACTERISTICS

HABITABILITY MODULE
LOGISTICS MODULE / /su:onn LOGISTICS MODULE
POWER MODULE
® POWER \
o THERMAL CONTROL

© COMMUNICATIONS
© DATA TRANSMISSION

!\

LIFE-SCIENCES LABORATORY MODULE

® PROVIDES PRESSURIZED (SHIRTSLEEVE) TRANSLATION BETVVEEN VARIOUS DOCKED MODULES:
SHUTTLE, LIFE-SCIENCES LABORATORY MODULE, HABITABILITY MODULE, AND 1 OR 2
LOGISTICS MODULES

o SERVES AS CONNECTING LINK FOR POVER, THERMAL CONTROL, CONMUNICATIONS, AND DATA
TRANSMISSION BETWEEN THE POWER MODULE AND OTHER DOCKED LIFE-SCIENCES MODULES

o SERVES AS A STORAGE UNIT FOR ATMOSPHERIC GASES AND OTHER SUPPLIES AND
EXPENDABLES NEEDED FOR LABORATORY OPERATION

Figure 1.3-3b Manned Access Support Module
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Figure 1.3-3c Payload Mass Vs Cumulative Percentage
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Figure 1.3-3f Minimum Mission Litfetime Desired
(viewing Payloads)

In addition, payload inclination and altitudes rangrs were plotted (Figures
1.3-3g and 1.3-4a) to determine orbit capture over normal ranges. [Fach chart
includes a c.pture percentage as a function of altitude or inclination. This
determination was made using the data plotted from references 1-2, 1-3, and
1-4. The ranges were obtained from the minimum, maximum, and desired values
as contained in the referenced payload requirements. The altitude preference
peaks at 400 km while inclination preferences peak at 28.5° with lesser
preferences seen at 70, 90, and 56 degrees. Similar results were observed for

plots of desired payload altitudes and inclinations.

The foregoing types of data were used to establish requirement bounds and
to develop rationales for system/subsystem sizing. For example, cross-arm

standotf from the Power Svstem and docking port separations distances were
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established from analysis of maximum payload dimensions. This analysis is
covered in Section 2.0, Confiquration Drivers (Task 2.0). In addition,
many interfaces between the Shuttle and the Platformcreate configuration

shaping requirements. A depiction of these is yiven in Figure 1.3-4b.

sll” | 1
il

T i P

® RENDEZVOUS & DOCKING Sy
\ o CONTAMINATION Z

o PLATFORM DEPLOYMENT,
LOADING, AND SERVICING

PAYLOAD BERTHING AND
SERVICING

EXTRAVENICULAR ACTIVITY ~
WBILICALS NG
BERTHING MECHANISMS

DYNANICS

THERMAL

Figure 1.3-4b Shuttle Interface Requirements
|

1.4 EVOLUTIONARY CONFIGURATION CONCEPTS

The Science and Applications Space Platform (SASP) may begin its support role
directly as a minimal augmentation to the Power System. This lowest cost
option would then evolve as mission requirements dictate. Such a low cost
start to accommodate three payloads is illustrated in Figure 1.4-la. Payload
Berthing System arms should be attached to the X and +Y docking ports on the

Power System to assure viewing freedom and physical separation from nearby
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equipment. Each arm should have a 0° + _.~ rotation about the ports center line
plus a 90° hinge action which allows orientation along the center line or at

90° to the center line. Figure 1.4-1a also lists system/subsystem capabilities
needed for such a first order configuration. Next, as shown in Figure 1.4-1b,

the fast growing size of payloads in the late1980's calls for a larger Platform

of the type shown in Figure 1.4-2.

Y Senuma oy

o ENVIRONMENTS <105y

o SELECTABLE 4 DIRECTION
VIEWING PER PORT

o 3PAVLOAD ELEMENTS CAN
VIEW SAME DIRECTION
{DEDICATED PLATFORM)

o NO VIEW OBSCURATION IN
AT LEAST ONE DIRECTION

. gﬂ(m‘l’ {EXCLUDING PS)

~3623 W8

SUBSVYSTEM CAPABILITY

POWER
o 25 KW TO EACH BERTHING PORT
* 120 VOC AND 30 VOC

THERM L
o 10 — 16 KW HEAT REJECTION
AT EACH BERTHING PORT

STABWLITY mogl_u%
* WITHOUT POINTING

- ACCURALY = 30 - 20
| ZSTABILITY 1) ARCMIN
o CROSS POINTING VIA
PLATFORM ORIENTATION MECHANISM o SPACELAB EQUIVALENT MULTIPLEXING
PAYLOAD PORTS AND DATA STORAGE
— o P5COMPUTERS
0 0+90° 3 POSITIONS EXECUTIVE CONTROL

® 90° HINGE

Figure 1.4-1a First-Order Platform
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Figure 1.4-1b Growth in Viewing Payloads and Accommodations
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Figure 1.4-2 Second Order Platform
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Capabilities of an extended second order platform for more payloads is summarized
in Figure 1.4-3a and Figure 1.4-3b shows additional configurations of various
modular assemblage, for differing anticipated mission needs. The modular
approach to platform grovth is summarized in Figure 1.4-4 which shows the
hardware elements involved in the first, second, and extended second order
platforms, each proo:essively accommodating greater numbers and sizes of
payloads. The standoff structure, support module, plus left and right cross-
arm structures, are shown as the first growth steps to accommodate more and
large payloads. Subsequent growth involves addition of left and right cross-
arm extensions plus a trail arm kit for even greater payload support capability.
Continued, i.e., non-dead-ended use of the First Order Payload Berthing System

Arms is shown for each configuration.
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Figure 1.4-3a Extended Second Order Platform
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1.5 PAYLOAD ACCOMMODATION EXAMPLES

Many general accommodation assessmentswere made early in the study and finally
two TRW mission cases were studied in detail. Payload scenarios presented in
the second TRW Quarterly Review, reference 1-6, were examined to determine
sample accommodation feasibility of our Platform concept. Cases were addressed

for both First and Second Order Platforms.

1.5.1 First Order Platform Accommodation of TRW Sample Mission

Figure 1.5.1-1 represents Flight Scenario I and this schedule was examined to
determine First Order Platform accommodation. Difficulty is encountered first
in the 4th quarter of 1985, when a total of seven payloads are scheduled at
once. With a maximum of four payload docking positions (+X, +Y, and +Z),
there is no room to dock the two free-flying payloads (CRM and SPP-2). Thus,
if these two payloads are to fly at the same time, they must be launched and
retrieved by the Orbiter. EO-1 assumed to be mounted on the solar array wing
boxes; however, there is some question whether the required pointing accuracy
of 0.5° can be met since the array pointing system does not require this level
of pointing accuracy. Further, during Z-LV orientation skewing of the principal
axes (for altitude control) may align these payloads outside their desired

0.5° pointing accuracy.

The scenario cycles viewing requirements so that Z-LV orientations (X-POP at
high beta and Y-POP at low beta) are necessary to satisfy the earth viewing
payloads. Solar viewing is intermittent at low beta angles. The nominal X-POP,
Y-PSL orientation, is unsatisfactory for the combined earth solar viewing,

but is required routinely to satisfy celestial viewing needs.

In a number of instances the payload schedule requires three direction viewing.
(E.g., Magnetic, Earth and Solar plus Solar, Earth and Celestial.) The First
24



Order Platform cannot satisfy these requirements continuously, but can
satisfy these requirements for varying periods of time depending on actual

view directions needed at each port.
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Figure 1.5.1-1 Flight Scenario I - First Order Platform
57°, 400 KM Orbit

This scenario encounters minimum view obscuration; however, SMR-FP (R-34) is
an earth viewer that is 20 meters in diameter that would obscure other earth
viewing payloads. The only'feasible location for this payload is on the +X
docking port where reorientation will be necessary to permit Orbiter docking.
Some size difficulty is associated also with ERSAR (R-42), which should also
be loaded on the +X docking port. This particular payload wants to look per-
pendicular to the velocity vector; thus, the Z-LV, X-POP (high beta) is

necessary when this payload is operated.
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The reference scenario was examined to determine the number of times that a

full Orbiter launch would require a special payload stowage position to

permit payload changeout. During the six year period, there were four instances
where a special payload stowage arm (on the Power System) would be necessary.
This analysis assumed all four docking ports would be used. Since there has
been question about the usefulness of the +Z port (view obscuration and safety
limits on instrument travel), Flight Scenario I should be re-examined for both
three and four port capability and on a basis of growth to a Second Order
Platform in the second or third year of operation. The requirements for the
payload stowage arm should then be reassessed since scheduling options could

obviate the need for an expensive Power System element.

1.5.2 Second Order Platform Accommodation of TRW Sample Mission

Flight Scenario Il from reference 1-6 was given to us as a representative
program for the Second Order Platform. A vertical slice was made at Payload
Number B-10 (third quarter 1987) for purposes of an accommodation analysis.
Figure 1.5.2-1 provides top level requirements for the selected payloads. A
range of platform configurations were examined to select the one which
satisfied the B-10 case most readily. Figure 1.5.2-2 illustrates the extended
platform case with cross-arm kits which readily meets the payload reqﬁirements.
It is necessary to fly the configuration in a Z-LV orientation. Consequently,
there are limitations on solar viewing during periods of low beta angle and
ERSAR (R-42) would require a payload pallet gimbal to allow continuous viewing

perpendicular to the velocity vector for both high and low beta angles.

The acceptability of EO-1 solar viewing within 0.5° is the same as discussed

idbove for the First Order Platform.
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Code Title View Point Remarks
Direction Accuracy :

ME-1 Meyer Cosmic Anti-Earth 2 Deg
Ray
HE-3 Cosmic Ray Instr. Antl-Earth 2 Deg .
EO-1 Environ. Observ. Solar 0.50eg  Mount on Solar Array Boxes
MP-2 Solidit. Exper. System None NA  ~2er0G
SP-1 Sol. Physics Pallet Solsr 10Sec  IPS Required
SMIP-3 Sol. Optical TSC. (8OT)  Solar 1 Sec IP.SRequlnd
R34 Soll Molsture Red. (SMR-FP) Earth 1 Deg
R42  Earth Resources Eerth 250eg Point Perpendicular to VV
SAR (ERSAR)

Figure 1.5.2-1 B-10 Payload Requirements
(3rd Qtr '87)
Velocity Vector ¢

Figure 1.5.2-2 2nd Order Platform - Payload B-10 Accommodation
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Cross-arm standoff from the Power System and spacing between adjacent docking
ports was established on a basis of maximum payload dimensions. The B-10
payload segment illustrated in Figure 1.5.2-2 falls well within the ncminal
size limitations developed in Section 2 (Task 2 - Configuration Impact). A
random sampling of nine payload sets was made on Flight Scenarios Il and III.
0f these nine scenario sets, seven of them involved oversized payloads which
have been recommended as extra-long trail arm payloads only. Of these seven
cases, four would require additional gimbal constraints to prevent collision
risk between payloads on adjacent docking ports. Briefly, these payloads are

as follows:

CODE TITLE SIZES (METERS)
ADI-2 Astrometric Telescope 18 X 2D

AMIP-5 IR Telescope 35 X 15D

SP-5 Pinhole Camera - 1 100 Boom

SOI-3 AGWA 100D

SOI-1 Particle Beam Injection 100 X 100 X 10
So1-4 Magnetic Pulse (Geo.) 1000 Antenna
SPP-3

SMIP-2 Tether Facilities 100,000 Cable
R-37

If any of the above payloads are flown on a platform configuration such as
shown in Figure 1.5.2-2 gimbal constraints will be required and an orientation
such as Z-LV should be flown to preclude inadvertant solar array damage.
Clear, SOI-1 and SOI-3 will require separate nandling since their sizes would
cause collisions with platform elements unless they are docked only at the +X

docking position and constrained to a finite view cone in the +X direction.
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1.6 SERVICE DIFFERENCES BY CATEGORY

When grouped into five general categories, it is possible to distinguish
significant differences in payload requirements or services. These are
sunmarized below because they tend to influence platform configuration

shaping decisions considerably.

1.6.1 High Energy Astrophysics and Astronomy

The payload data sheets reveal a nearly constant desire to fly at low inclina-
tions except for HE-3 and AST-4 payloads, which have mid-inclination preferences.
Payload viewing requirements fall into the Celestial or anti-Earth category

and as a unique set, do not require simultaneous multi-direction viewing.

As a consequence, gimbal requirements are reduced. These payloads also

indicate the greatest need for consumables such as gas, film, and cryogens or

some form of periodic servicing.

1.6.2 Solar Terrestrial

This payload set shows a large variety in desired orbit altitudes and inclinations.
Further, they collect..:ly require multiple and simultaneous viewing directions
(e.g., solar, earth nadir and 1imb, and magnetic field Tines). High level

pulse power requirements are found in this category also, and will require

special attention. The overall payload set has the most diverse and challenging

set of requirements of any group.

1.6.3 Resource and Environmental Observations

These OSTA payloads fall into the medium to high inclination orbit range with

a number at higher orbit altitudes. All the payload sensors desire earth
viewing and only three payloads requiring solar viewing. The payload set
includes a number of large payloads with consequent impact on the platform
configuration. Servicing desires appear as the lowest of all payload sets which

probably reflects their current mode of unmanned unter..ed operation.
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1.6.4 Life Sciences

The 1ife science program is unique in being a continuously manned program with
no unique pointing requirements. Rather, constraints are placed on allowable
"g9" levels ( 10°3) and platform rotational rates. There are requirements for
a manned support module and routine logistics/crew rotation. Expressed power
requiremenis have covered a wide range during the study and generally are high

enough to have these payloads operate with a dedicated Power System.

1.6.5 Materials Processing

The materials processing payload definitions have changed significantly and
frequently during the study. Power requirements have ranged from moderate

to very high ( 100 kW); thus, some consideration should be given to having

these payloads also use a dedicated Power System. This approach is considered
reasonable also, duve to the low "g" level ( 10'5) requirements as well as Tow
rates of platform axis rotation. Requirements have been advanced both for
unmanned and manned operation. The latter would require facilities and logistics

for manned support.
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Section 2
CONFIGURATION DRIVERS

(Task 2)

Those items that drive the platform configuration or the platform operation
are identified in this section. These drivers have been classified into

two sets: (1) those arising from experiment requirem nts; and (2) those
generated by constraints imposed by systems external to the Platform (i.e.,
Orbiter, TLRSS, and Reference Power System). Figure 2-1 illustrates ihe
variety of interfaces which drive the Platform conceptualization. T.itie
drivers are summarized in Figure 2-2. For each driver identified the impact
on the Platform is shown and the section of this report where the relevant

discussion is presented is referenced in parenthesis.

In the following subsections payload requirement and system level drivers are
addressed. (Power System characteristics that impact the Platform are
treated in Section 3, Power System Interface, while detai’~ of the impact of
drivers on subsystem design can be found in the appropriate subsection of
Section 4, Subsystem Trades.) Concluding this section are discuss.ons of the
derivation of the Ist Grder Platform mini-arm concept and the rationale for

the size of the 2nd Order Platform.

See Section 10, Conclusions and Recommendations, for summary list of traaes

and results.
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Figure 2-1 Platform System Interfaces
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Figure 2-2 Platform Configuration Drivers

32



2.1 PAYLOAD REQUIREMENTS

The primary consideration in configuring the Platform has been to assure
responsiveness of the design to payload requirements. In Section 1 the
payload analysis task was discussed. The requirements generated there provid>
the key inputs to the design drivers tasks. Payload requirements that drive
the platform design have been identified and are discussed in the following
paragraphs. MDAC has carefully reviewed these drivers and, in some instances,
recoomended not to incorporate those features that would facilitate their
accommodation. Two examples of payload requirements drivers, not accommodated
by the Platform, but relegated to the payloads themselves are cryogenic

resupply and power conditioning for very high peak power loads.

2.1.1 Payloads Requirements that Drive the Thermal Subsystem

Those requirements that depict the thermal desigi. re summarized in Figure
2.1.1-1. The requirement for as much heat dissipation as electrical power
impact was voiced by the SASP Scientific Advisory Group. The 40°F minimum
temperature for Life Sciences payloads is well below the 60°F minimum that will
satisfy other payload classes. 25 kW of cooling for material processing
payloads and others is provided on the 2nd Order Platforms.- However, MDAC
recommends the 1st Order Platform not provide any auxiliary cooling allocating
any excess heat rejection above that provided by the Power System to payload.
Peak power heat rejection will require either thermal capacitors or operation
of the thermal control at elevated temperatures. Cryogenic resupply
requirements are not well defined except for a few payloads (see Figure 2.1.1-2).
MDAC, therefore, recommends that the ancillary equipment needed be pallet-
mounted rather than a standard service provided by the Platform. (Refer to

the appropriate therma® control sections for details of pertinent trades and

design details.)
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@ HEAT OUT = ELECTRICAL POWER IN

e 40°F MINIMUM COOLING TEMPERATURE FOR LIFE SCIENCES
® 25 KW PAYLOADS (I.E., MEC)

e PEAK POWER (I.E., GRAVITY WAVE)

e CRYOGEN RESUPPLY

Figure 2.1.1-1 Payload Requirements That Drive the Thermal Control Subsystem
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Figure 2.1.1-2 Currently Defined Cryogen Requirements
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2.1.2 Impact of Payload Size

The capability of the Platform to normally accommodate those oversized payloads
(several over a km in length) is treated in Section 2.8. If sufficient

numbers of large payloads ave funded and developed, the trail arm configuration
investigated for its growth potential may provide a viable solution. With

the current evolutionary configurations these payloads can be flown, but with

the Platform dedicated to their operation throughout their residency.

2.1.3 Payload Requirements that Drive the Data Subsystem

Figure 2.1.3-1 illustrates the data rate requirements. R42, the earth
resources SAR, and R48 the Ocean SAR experiments, both have 120 Mbps data rates.
These synthetic aperture radar payloads drive the data recording and data

dump design concepts. R41, the Ice/Climate experiment, defines a need for a

25 Mbps forward link. This rate far exceeds that required by any other
payloads and would necessitate the addition of the Ku band forward channel

to the Power Systems. Further discussion of these drivers is presented in

Sections 5 and 6.
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Figure 2.1.3-1 Percent of Payloads Having Data Rate £X Bits Per Seconu
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2.1.4 Payload Requirements that Drive the Power Subsystem

Distribution of payload power requirements was shown in Figure 1.3-1. In
addition to these viewing payloads, there are non-viewing payloads that also
drive the subsystem design. ROt (the Materials Experiment Carrier), SOI4

(the Magnetic Pulse experiment), and SPP3 (the Wave Particle Interfarometer)
all require 25 kW average power. Figure 2.1.4-1 presents the distribution

of peak power requivements. SOI1, the Particle Beam Injection experiment,

snd SOI3, the Atmospheric Gravity Wave Antenna require pulse peak power levels
of 400 and 250 kW respectively. As previously mentioned MDAC recommends

these peakiny requirements be accommodated on the payload carrvier. For
relevant trades and design details on peaking power and accommodating the

25 kW average power payloads see the appropriate writeups in Sections 4 and 5.
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Figure 2.1.4-1 Payload Peak Power Requirements
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2.1.5 Payload Requirements that Drive the Attitude Control System

Pointing stability and accuracy requirements for the experiments are

summarized in Figure 2.1.5-1.

If the decision had been made to accommodate

each experiment using only the Platform's capability, almost all would be

design drivers.

the payloads from disturbances greately reduced the number of driving payloads.

However, employing ar experiment pointing system to isolate

Employing image motion compensation or magnetic suspension techniques to

experiments with even tougher requirements effectively relegates the fine

pointing problem to the payloads.

The ACS drivers are therefore those

payloads that 1ie in the lower half of the box labeled platform capability.

The challenge is to accommodate these payloads, HE10 and HE11 for example,

without having to mount them on expensive experiment pointing systems.
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Figure 2.1.5-1

Experiment Pointing Requirements
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These requirements drove the design to enhance the inherent pointing accuracy
though the addition of auxiliary attitude sensors. In depth discussions are

found in Sections 4 and 5.

2.1.6 Payload Requirements that Drive Viewing and Disturbances

The prime factor in designing the platform viewing capability is the require-
ment for simultaneous multidirectional viewing. The impact of this require-
ment is addressed in Section 2.4. The governing requirement limiting

disturhances is the Materials Experiment Carrier (RO1), maximum acceleration

limit of 10‘5 g's. The impact of this requirement is discussed in Section 2.9.

2.2 SYSTEM REQUIREMENTS

Sgece Platform requirements were derived from the experiment requirements
generated by MDAC in Task 1 with additions and revisions from the TRW

companion study. A functional analysis of the Platform/Power System

combination was performed resulting in the function allocation to the

Platform, Power System, payloads, and Orb.i: ° shown in Figure 2.2-1. For

this allocation the payload carrier, or pallet, is considered as part of the
payload. How these functions have been implemented on the Platform is described
in Section 5.0, Conceptual Design. Quantification of these functional
requirements and the trade studies that led to the recommended approach can

be found in Section 4.0 for each of the subsystem areas.

In this process trades were made to determine where each function should be
assigned. For example, providing cryogens or very high power to experiments
seemed like desirable services for Platform to provide. However, after
evaluating the detailed experiment descriptions and noting the limited number
of experiments calling for such services these functions were allocated to the

payloads to minimize the overall system cost (see Section 4.0 for details).
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JOTAL SYSTEM FUNCTIONAL REQUIREMENTS

o PROVIDE POMER o PROVIDE ORBIT KEEPING o PROVIDE SERVICES
o PROVIDE THERMAL DISSIPATION o PROVIDE STABILIZATION - DELIVERY

- RESUPPLY
o PROVIDE PAYLOAD POINTING o PROVIDE PHYSICAL SUPPORT ~ MAINTENANCE

- RETRIEVAL

e PROVIDE COMMAND AND CONTROL o PROVIDE DATA SERVICES

POMER SYSTEM PLATFORM PAYLOADS ORBITER
e PROVIDE PONER o DISTRIBUTE PONER DISTRIBUTION o PROVIDE FINE o PROVIDE
POINTING SERVICES
o PROVIDE THERMAL DISSIPATION e PROVIDE THERMAL DISSIPATION
o PROVIDE HIGH - DELIVERY
o PROVIDE STABILIZATION o PROVIDE DATA SERVICES QUALTTY - RESUPPLY
. STABILIZATION - MAINTERANCE
o PROVIDE DATA SERVICES e PROVIDE PAYLOAD POINTING ~ RETRIEVAL
o PROVIDE CRYOGENS
® PROVIDE ORIENTATION ® PROVIDE PHYSICAL SUPPORT
@ PROVIDE CONDITIONING
o PROVIDE STABILIZATION FOR VERY HIGH POWER
LEVELS
o PROVIOE ORSIT KEFPING
e PROVIDE WIDE AREA
o PROVIOE COMMAND AND CONTROL VIEWING

Figure 2.2-1 Functional Requirements Allocation

2.3 SYSTEM PERFORMANCE
Design drivers addressed in this section include: Orbiter delivery capability
and on-orbit operational constraints; SASP orbit keeping requirements and

requirements to achieve unique orbits; RMS capabilities; and TDRSS considerations.

2.3.1 Orbiter Performance

Orbiter delivery performance in the post 1985 frame is summarized in Figure
2.3.1-1 where payload capability has been plotted as a function of circular
orbit altitude. For launches to orbit inclinations achievable from ETR,
inclinations of from 28 to 57 degrees, the payload capability is greater than
45,000 1bs for the 400 to 450 km SASP altitude regime. This capability is
well in excess of that required for delivery of either the SASP or the
reference Power System. For sun-synchronous orbits the 25 kW reference Power
System weight exceeds the Orbiter payload capability with strap-on liquids
for a SASP mission. The scaled down NASA-defined 12.5 kW Power System is
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Figure 2.3.1-1 STS/SASP/PS Performance Envelope

marginal while the SASP itself is well within the Orbiter capability. Delivery
of the Power System to a lower altitude orbit, with subsequent boost to

higher altitudes using internal Power System propulsion or an auxiliary stage
are viable modes for achieving the 400 to 450 km SASP orbits or the 700 km

and higher altitude orbits desired by many earth resources applications.

(See cdiscussion in this section.)

NASA provided information indicates that the Orbiter has the capability to
perform only one rendezvous per flight precluding multiple berthing with

the SASP for payload changeout, etc.

2.3.2 SASP Orbit Keeping

Results of the orbit keeping analysis show that the factor of primary interest
to the experiments reboost frequency can be limited to once every 90 days.
Figure 2.3.2-1 parametrically displays the data generated. Only at low
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Figure 2.3.2-1 SASP Orbit Keeping

platform utilizati~n (low w/CDA) and solar maximum atmospheric flux ievels,

a low probability of occurance combination, are more frequent reboosts

required. A higher altitude, 450 km, at the start of the reboost cycle would
allow 90 day reboost intervals for even this worst case scenario. Providing

this long interval between reboosts benefits the payloads in three ways:

(1) contamination from thruster firings only have to be dealt with infrequently,
(2) high acceleration levels due to thruster firing are minimized, and

(3) experiment interruption due to reorienting for reboost is minimized.

Impact of the Platformon the Power System orbit-keeping propellant requirements
should be minor. Since orbit-keeping propeliant is a function of drag
impulse, not on-orbit weight, the Platform should only add a relatively

small drag increment to the Power System.
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2.3.3 Unique Orbits

Two special orbits were identified in the companion TRW requirements study.
The first, a 705 km altitude, 98° inclination sun synchronous orbit, satisfies
many earth viewing experiment requirements. The second, a 200 km by 2000 km
elliptical orbit might partially satisfy experiments with either very high or
very low altitude requirements. For both of these orbits the key issue is

how to achieve the orbit.

In Figure 2.3.3-1 the propellant requirements for achieving the sun-synchronous
are shown as a function of platform weight. Several modes are considered:

(1) a one-way mission where the Platform and propulsion unit are treated as

an expendable payload, (2) the Platform is kept in its high altitude orbit

and a TMS employed to ferry payloads up and down, and (3) an elevator mission
where the propulsion system stays with the Platform ferrying the Platform
between an Orbiter rendezvous compatible altitude and the 705 km operational

altitude.

Propellant required to achieve the 200 by 2000 km elliptical orbit is

presented in the same format in Figure 2.3.3-2. These data are conservative
assuming the propellant cost in terms of impulsive velocity to reacquire the
initial 435 km orbit to be equal to that of injection into the elliptic orbit.
High perigee drag levels should significantly reduce apogee altitude, therefore,

reducing propellant requirements for returning to the nominal orbit.
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Figure 2.3.3-1 Delivery Cost To
Sun Synchronous
Orbit

2.4 REMOTE MANIPULATOR SYSTEM (RMS)
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Figure 2.3.3-2 Cost of Establishing
Then Leaving a 200 x 2000
Km Orbit

The Platform Configurction is influenced by the experiment performance

criteria and the operational support required for attachment, removal,

component exchange, and maintenance.

Access to all payload attach points

on any given platform is a primary requirement. The RMS is the major

Orbiter subsystem to be used for payload handling. Its technical features

listed in Figure 2.3.3-3 have a definite impact on platform design.

43



PAYLOAD HANDL ING

RS TECHNICAL FERTURES o Max size = 15 ft. dia. x 60 ft. long

ARM ® Mass = 65,000 1b

e 15 1n dia. x 50 ft. long o Tip-off rate = 0.015°/sec max

. Xo 679.5
o Mounted (-Y) longeron @ Sta Xo 10 minutes after Orbiter RCS deactivated

v Removable Mass < 905 16 ® Max payload velocity relative to Orbiter -0.1 ft/sec

® Force B tip = 1> Ib mmmum MANEUVERING SPEED

Avarl t roll £ 230 e 10
o Torawe Avarladle @ wrist roll axis « 23 o Max velocity - fully loa _d = 0.2 ft/sec

tiffness, fully ertended = 9.5 1b/3n . )
o Stiffness, fully ® Max tip velocity unloaded = 2 ft/sec

T MOTION
JOINT HOTIONS ¢ Max stopping distance * 2 ft

Fould t e85 te -2
¢ Sroulder Joun ¢ POSITION ACCURACY

foulder Yaw «18" to -180°
o Shouider Yaw ¢ ¢ Automatic Mode +2 n 41°

lbow Pitch +2 to -160
¢ Eibow Prte & Manual Mode +0.5 1n

Prtch +120° to -12
¢ Hmst Patch 41207 to 120 PHYSICAL CHARACTERISTICS

Y i =12
® Wrist Yaw +120 to -120 ARM

o HWrist Roll +447 to -447- .
® Gerera) arrangement as defined in Space System Payload Accomrodations

Handbook #JSC 07700 and shown in Figure 2.4-1,

Ficure 2.3.3-3 RMS Capabilities
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PAYLOAD INTERFACE

¢ Payloads to incorporate a grapple fitting, as shown 3n Figure 2.4-2,
and in accordance with #JSC 07700 Handbook. The grapple fixture/
RMS End Effector mating envelope to be as shown in Figure 2.4-3,

REACH ENVELOPE

e Payloads to be placed within the reach envelope defined in JSC 07700

Handbook, paragraph 8.1.1, Figures 8-9.1, 8-9,2, and 8-9.3.
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L
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Figure 2.4-1 RMS Arm Dimensions and Joint Angle Limits
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2.5 TDRSS

The SASP command and data management system must be compatible with the
Tracking and Data Relay Satellite System (TDRSS), which provides the
communication channel between the SASP/Power System and the ground. Certain
interface parameters, such as EIRP, operating frequencies, and signal design
are of concern primarily to the Power System rather than the Platfovm.

TDRSS data rate limits and loading and scheduling factors, however, are

important to the SASP data system design.

The data rate limits for the various TDRSS channels are as follows:

Forward Link Return Link
MA Channel 10 Kbps 50 Kbps
SSA Channel 300 Kbps 12 Mbps
KSA Channel 25 Mbps 300 Mbps

These linits define the maximum rates that data can be transmitted between
the SASP/Pow>r System and the ground. Data that must be acquired .t higher
rates require on-board buffering. The rate limits, coupled with the cham.el

availability, cetermine the total quantity of data that can be transterred.

The TDRSS provides . large improvement over a ground-based network in the
amount of coverage available to satellites in low earth orbit. Two TOR
satellites providé an average of 88% coverage or better. However, a user's
access to TDRSS resources depends on the overall loading on TDRSS by all
users. Preliminary studies have indicated that in the 1985-1990 time frame
the TDRSS will be heavily loaded. This implies that a SASP should have a
data system that can dump data into the TDRSS at high rates so that TDRSS

timeline can be used effectively.
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2.6 VIEWING

One of the most attractive features of the platform concept is its ability

to host a variety of viewing payloads. MDAC has attempted to maximize this
potential by configuring the Platform to be responsive to viewing requirements.
Viewing requirements both as specifies - integration time or viewing

direction - or aggregates - simultaneous multidirection viewing or simultaneous
single direction viewing - drive the platform design. The conclusions

derived from the viewing analysis are: (1) that the Platform is a viable
option for viewing experiments; and (2) that the synergistic benefits of

multiple viewing payloads identified by T'W can be achieved.

Figure 2.6-1 presents an overview of this analysis indicating its scope and
the important conclusions and recommendations. MDAC employed two company
developed computer tools in accomplishing these tasks. An interuoctive
graphics program that simulates rotation of the platform elements and emulates
sensor FOV's was used in determining obscuration. (Figure 2.6-2 illustrates
its ability to examine a configuration from different viewpoints and with
various focal lengths.) At a higher level, an experiment observation program
was evaluated on an experiment effectiveness program that simulates the
viewing performance over the complete mission. This computer program allows
an expcriment mounted on the Platform to be compared with the same experiment
flown on dedicated spacecraft in terms of time to complete a specific set of

experiment observations.

2.6.1 Viewing Requirements

Viewing .cquirements are divided into two classes: Those that are defined
for individual experiments and those that result when more than one viewing

experiment is on the Platform at the same time. In Figure 2.6.1-1 the instrument
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REQUIREMENTS
» Directions

o Multi-Payload
e FOV and Integration Time
o TRW Defined Missions

TOPICS ADDRESSED

¢ On Orbit Capability

o Mini-Arm Trades

o Size Sensitivity

* Experiment Program Evaluation

o Prospects from: TBAR, Trail
Arm, Second Order, First
Order and Power System

* Mission Accommodation

Figure 2.6-1

CONCLUSIONS

e Second Order Platiorm Provides
Simultanecus Multi-PLD, Multi-
Directional Viewing

® First Order Platiorm Provides
3-Direction Simulitansous Viewing
With Some Constraints

Viewing Summary

Figure 2.6-2 Computer Graphics for Platform Viewing Analysis
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Figure 2.6.1-1 Integration Time Requirements

integration time (the time an instrument needs to perform a single observation
of exposure) required is shown for several classes of viewing experiments.
These times range from very short (seconds) to very lony (days). An
examination of the experiment yields the following list of viewing directions:
earth, anti-earth, solar, celestial, magnetic line, and earth lizdb. Both

sets of requirements are directly traceable to specific experiments and are
of the first type mentioned above. When multiple viewing experiments are
flown on a Platform new requirements result. To achieve the realization of
the Platform's potential some degree of simultaneity in experiment operations
is needed. Full simultaneous operation of all payloads on the Pletform will
maxin .e the Platform's usefulness but only if the experiments do not

interfere with each other. The derived requirement is therefore multiple
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simultaneous viewing directions without mutual interference. Conversely it
is desirable (as pointed out in the companion TRW study) to be able to
dedicate a platform, for some period of time, to a single viewing direction.
These two general requirements make up the second class of requirements

defined above.

2.6.2 Impact on Configuration

The early platform concept, a T-Bar configuration, evolved as a result of the
requirement for simultaneous multi-directional viewing. This baseline
configuration was employed in an experiment-by-experiment examination of
whether the basic viewing requirements could be achieved if the experiment
were flown on the Platform by itself. For example, parametric data was
generated showing the relationship between instrument integration time,

target declination and orbit inclination (Figure 2.6.2-1). Analogous data

have been generated for solar, earth, and magnetic experiments. Conclusions
reached were that from a viewing standpoint all requirements could be fulfilled

if only one experiment was on the Platform.

The next step was to evaluate the experienced viewing capability when grouped
on the T-bar configuration. The MDAC interactive 3-D graphics capability was

employed to investigate potential obscuration.

Figure 2.6.2-2 illustrates views from various pallet locations. The rotation
of the trail arm (assuming 3-direction :cimultaneous viewing with the trail

arm earth looking) once per orbit could present a problem if large instruments
are mounted on it causing a "windshield wiper" effect on cross-arm experiments
looking aft. Similarly, instruments on the cross arms and the cross arms
themselves could obscure trail arm instruments during a portion of the orbit.
An additional consideration is that for light sensitive instruments, like
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IR telescopes, the obscuration is magnified by exclusion zones around light
reflecting or radiative surfaces. For these reasons subsequent configurations

with cross arms have excluded long trail arms.
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Figure 2.6.2-1 SASP Provides Long-Term Viewing Windows
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Figure 2.6.2-2 SASP T-Bar Visibility

The current Znd order and extended 2nd order configurations have retained

the best features of the T-Bar configuration and eliminated a significant

amount of obscuration. In Figure 2.6.2-3 the viewing prospects from the extended
2nd order crossarms are presented. The cross-arm ports with large separation
distances between berthing ports and independently rotating arms provides
excellent viewing capability. Unobstructed visibility for effective 60°

FOV instruments is obtained when either arm is rotated so the pallet is
boresighted in the +X, +Z, and -Z directions. As shown, the solar panels

obscure the view in the -X direction.

A sensitivity analysis was performed to determine the impact of platform size
on viewing capability. One measure of platform size is the length of the
standoff structure between the Power System and the SASP Support Module.

Figure 2.6.2-4 displays the sensitivity of experiment viewing to this
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standoff structure length. Percent obscuration of the experiment field-of-
view was selected as the viewing performance measure. Two conditions were
examined; (1) obscuration caused by the solar paael alone, and (2) solar
panel obscuration plus a 15° buffer to preclude reflected energy from
reaching the experiment sensor. These curves indicate that viewing performance
is relatively insensitive to this platform size parameter. A second measure
of platform size is the distance from the platform centerline outboard to a
berthing port. Using the same measure of viewing performance, percent
obscuration at the total FOV, and obscuration parameters, the sensitivity to
berthing port location is presented in Figure 2.6.2-5. Again, the conclusion
drawn in viewing is a weak function of all platform size. However, other
factors, such as allowable payload size, must be considered in determining

experiment program sensitivity to platform size. (See Section 2.10.)

<
u pae
\\ |"——Vao
20 ~
Maximum -~ ;
+X
Obscuration ¥ ¢ No Teall Arm
Add a 15° Buffer © 80° Gimbal
OfTotas W[ Angle
¢ Single Experiment and
Field-of-View Solar Panels
s} Vertical
Physical Blockage
0 i i 1 [l )
b 0 ] 10 15 .20 28

¢ to Cross Arm Port Distance, Ygq (W)

Figure 2.6.2-5 Experiment Viewing Sensitivity to
Cross Amm Length
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Viewing prospects from the Ist Order Platform are shown in Figure 2.6.2-6.
Views from the opposite Y mini-arm are mirror images and views from the
trail mini-arm are unobscured in both +X and -Z directions. Impact of

viewing on the development of the 1st Order Platform is presented in

Section 2.11.

Views From ~Y Port
(60° Gimbal Angle)

~ Z Direction + Z Direction

+ X Direction - Y Direction

Figure 2.6.2-6 First-Order Platform Visibility

2.6.3 Viewing Comparison

MDAC has evaluated the ability of the SASP 1st and 2nd Order Platforms to
support an experiment program. MSFC has defined an extensive astronomy
viewing program that provided input to a MDAC developed experiment viewing
simulation computing program. The minimum time for a dedicated spacecraft
to complete this experiment proyram was determined and used as a measure of

comparison.
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The experiment program is defined in Figure 2.6.3-1. Forty-two target

locations are defined with the time per observation, number of orbits per

day with observations and consecutive days with observation or the total number
of observations presented for each. Target locations are shown on the following
chart (Figure 2.6.3-2), an Aitoff projection, showing the right ascension

and declination of each.

Figure 2.6.3-3 presents a comparison of the time required to accomplish this
experiment program between a dedicated spacecraft and the 2nd Order Platform.
For the orbit sglected and the assumption listed the SASP requires about 20%
more time to carry out this program. The 1st Order SASP, withnut continuous

arm rotativ- capability, is not competitive for this application.

The advantage that the on-orbit viewing direction change capability provided
by the clocked arm/hinge has over a fixed arm is illustrated in Figure 2.6.3-4.
A 50% increase in the number of experiments completed is gained by adding this
on-orbit viewing direction change capability for the time required for a

dedicated free flyer to complete the program.
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L )
TARGET PARAMETERS

UMBER  RIGHT ASCENSION  DECL.NATION NUMBER OF ORBIT OBSER. MINUTES PER
{DEG) (DEG) CONSECUTIVE DAYS  FREQUENCY 0BSERVATION
1 18.94 -13.1 16 1 10
2 135.06 -40.36 36 1 39
3 169.76 -60.35 9 1 10
4 233.66 -52.23 15 1 30
5 245,01 35.42 ? 1 5
6 33.9% 26.29 60 3 30
7 169.75 -61.59 60 3 30
z 176.39 -61.93 60 3 30
3 135.96 -62.49 120 16 30
10 189.78 -59.93 60 3 30
n 194,53 -61.33 60 3 30
12 246.8) -67.35 5 i 10
13 262.24 23N 30 3 3C
4 58.06 39.90 6 1 25
15 32.38 21.98 3 ) PAX
16 18.31 53.48 97 8 30
17 33.19 -c6.40 1" 1 20
13 2 -56.99 67 4 5
19 z -30.75 30 ] 30
20 N PR 14 1 20
M 273004 da 39 6 1 30
22 228.12 RPN 17 3 20
23 307.66 2779 68 1 5
AR 305.65 EI- 35 4 10
25 "3 -12.10 T 30
28 2322 -52.30 30
27 23423 -3 65 NO CONSECUTIVE 30
28 254 73 -29.47 30
3 255.57 -40097 REQUIREMENT. 30
n N -33 3 30
3! RERER -33.35 EACH TO 30
32 263,83 -448.82 30
3T 165.72 -29.50 BE OBSERVED 30
34 255.61 -0 30
35 265.37 -28 37 ON A TOTAL 30
36 266.70 -1 % 30
37 275.12 -32 38 OF 400 DISTINCT 30
i 279.37 4.39 30
13 252.59 -e.17 ORBITS. 30
‘2 256.48 3.09 30
31 259.34 EERR | 30 -
12 321.89 11.9% 30

“2LPEAT SEQUENCE TWICE SEPARATED BY AT LFAST 90 DAYS.

Figure 2.6.3-1 Sample Viewing Experiment Program
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2.7 DYNAMICS

Exj eriment pointing requirements are collectively a major configuration
driver. They impact both the ACS and the structural design. Figure 2.7-1
summarized the issues involved, the anaiyses performed, and conclusions

and recommendations made. (This subject area which includes dynamics,
structura” dynamics, attitude control, and pointing systems is loosely defined

here as dynamics.)

ISSUES

® EXTERNAL DISTURBANCES

©® STRUCTURAL REQUIREMENTS

® AUXILIARY POINTING SYSTEM PERFORMANCE
® IMPACT OF PAYLOAD DISTURBANCES

ANALYSES

@ DEFINED DISTURBANCES
® BENDING MODES DEFINED

- PREL"MINARY CONCLUSIONS/RECOMMENDATIONS
- NASTRAN
© THERMAL TRANSIENTS ® ARM STRUCTURE 1, > 0.1 Hz
® DEFINED PALLET DYNAMIC ® PLATFORM ENVIRONMENT MORE BENIGN
ENVIRONMENT THAN SPACELAB
® DEFINED ISOLATION EFFECTIVENESS OF APS ® EXPERIMENT POINTING SYSTEMS EXPECTED TO
® INVESTIGATED HIGH FREQUENCY STRUCTURES PERFORM BE TTER ON PLATFORY
® DETERMINED MANUFACTURING TOLERANCES ® EPS PLUS WC NR MAGNETIC SUSPENSION
® INVESTIGATED IMPACY OF PASSIVE STRUCTURAL SHOULD SATISFY MOST POINTING REQT'S
ODAMPING ® SASP PONTING W/O EPS
® INVESTIGATED TOROQUE SHAPING ACCURACY < 20 MIN

STABILITY < 10MIN
Figure 2.7-1 Dynamics

2.7.1 Requirements

The pointing requirements, pointing accuracy, ard pointing stability were
presented in Figure 2.1.5-1. Overlays on this chart indicate the performance
capability of the IPS and the projected range of capability for the Platform.
In order to meet these pointing requirements, either the platform capability

must be greatly improved or the fine pointing capability must be allocated to
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the pay'oads. For reasons of cost, complexity, and technology the fine pointing

function has been allocated to the payloads.

2.7.2 Dynamic Environment at Pallet

Figure 2.7.2-1 defines the disturbances that must be neutralized to achieve the
experiment pointiry requirements. A computer program simulation was employed
to quantify both c-avity gradient and aerodynamic disturbances. Disturbances
from other sources were evaluated and as a result experiment operations will

be suspended when in the presence of the Orbiter and during PS thruster.

firing.

WHAT IMPACT DOES THE SASP
DYNAMIC ENVIRONMENT HAVE
ON INDIVIDUAL EXPERIMENTS?

EXPERIMENTS
o SLewiNG
o ROTATING
MECHANISMS
® VENTING
EXTERNAL
NT T POWER SYSTEM PLATFORM
: 22:3:;?.“%?&'50”;&0"“ » SOLAR-PANEL ROTATIONS ® ROTATING JOINT
* DOCKING © ANTF NA MOVEMENT o ARM ROTATION AT
o ORBITER OPERATIONS o ATTITUDE MANEUVERS FOUR DEG PER MIN
- THRUSTERS ® CMG'S o FLUID PUMPS
- CREW o ORBIT-KEEPING ACCELERATION ® THERMAL DISTORTION
® THERMAL DISTORTION
® FLUID PUMPS

Figure 2.7.2-1 SASP Dynamic Envi.,onment
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The largest disturbance identified excluding Orbiter and PS thrustor operations
is the slewing of a payload instrument at the maximum ASPS gimbal moment of

34 N-M. Figure 2.7.2-2 shows a representative configuration that was modeled
to evaluate the impact of this disturbance. (See ACS discussion in Section 4
for description of model.) Results of the analysis are presented in Figure
2.7.2-3. The MODE column defines the character of the mode shape with respect
to where most of the motion occurs. For example, the RIGID BODY mode corresponds
to a closed-loop control system mode and neither the solar array or Platform
are bending significantly. The A through D columns define the rotation of the
corresponding payload (A and C) or base of the auxiliary pointing system of
the payload is used (B and D). ["Uncompensated" means without the benefit of
an auxiliary pointing system.] The rotation results from a 34 N-H moment

step input at payload D. The results indicate significant rigid body

motion occurs (0.16 deg) which is characteristic of the 0.01 Hz controller
bandwidth with no damping. Other rotations appear small with the exception

of the second torsion mode which could be significant to some payloads with
tight stability requirements. The modeling of the PS controller as a 0.01 Hz
zero damped resonance is very conservative. Including realistic PS controller
damping could reduce the J.16 degre~ rigid body motion to about 0.1 degrees

and the inclusion of the integral of attitude feedback in the PS controller

may reduce the rigid body motion to 0.05 degrees or less.

2.7.3 Experiment Pointing System Contributions

Achievement of the fine pointing requirements is dependent on the capability
of experiment pointing systems to isolate the experiment from the dynamic
environment at the pallet. The Sperry Annular Suspension Pointing Gimbal
System (AGS) was selected for this analysis because of availability of

data. A computer model was developed to simulate the AGs. (Refer to Ar;
writeup in Section 4 for discussion.)
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ASSUMPTIONS

o RIGID POWER SYSTEM NOTE:
© ONE FLEXIBLE MODE FOR EACH SOLAR. 2 « BENOING INCLUDES
Y s A Mg
- IDTH N T
© 0.01 Hz CONTROL SYSTEM BANDW v P ptape
 TORSION IS ROTATION
x ABOUT Y-AXIS
PAYLOAD D
(8,500 kg, GIMBALED) 10
]
1 PAYLOAD C
2 {250 k) P
d ~N
B \
AN S
= - « TRUSS STRUCTURE
; ' : IS MODULE 18
1 ~ p CONFIGURATION
* PAYLOAD B
L~ (2.000 kg, GIMBALED)
PAYLOAD A %
“ (1000 ko)
Figure 2.7.2-2 SASP Simplified Dynamics
Analysis iiodel
ROTATION ~ (SEC) AT INDICATED PAYLOAD
FREQ
MODE (Hz) a 8 ¢ )
RIGID BODY . 0.0 586 586 586 588
1ST SOLAR ARRAY 0054 0.0¢ 0.001 0002 0.002
2ND SOLAR ARRAY 0.055 18 18 18 6
1ST BENDING 055 o8 o 0.48 0.67
2ND BENDING 094 ~0 ~0 ~0 ~0
IRD BENDING 14 ~0 ~0 ~0 ~0
&THBENDING 19 02¢ 0.08 002 0.10
STH BENDING 29 0.13 0.006 002 0.25
ST TORSION 0.63 0.42 0.28 0.004 0.008
2ND TORSION 0.86 0.14 0,05 19 )
3RD TORSION 214 002 0.05 ~0 ~0
4TH TORSION 2.18 0.02 004 24 22
1

*MAXIMUM ANNULAR SUSPENSION POINTING SYSTEM (ASPS) GIMBAL MOMENT
**AUXILIARY POINTING SYSTEMS REDUCE ROTATIONS FOR EXPERIMENTS (CC VIPENSATED RESPONSE)

Figure 2.7.2-3 Uncompensated Response to 34 N-M* Moment Input
at Payload D
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The dynamic environment shown in Figure 2.7.2-3 was used to evaluate the
ability of a pointing system to satisfy the fine pointing requirements. The
linear acceleration values associated with each dynamic modal characteristic
are shown on Figure 2.7.3-1 for the three payloads which are disturbed by a
maximum AGS gimbal torque input at Payload D. The first column for each
payload corresponds to linear acceleration due to SASP arm bending rotation

or torsion rotation. This linear acceleration (due to rotation) is proportional
to the distance from the SASP arm neutral axis and is shown as acceleration

per meter from the neutral axis. A realistic value for this distance ([()

is three meters:

PAYLOAD A PAYLOAD B PAYLOAD C
REOERCY w | 3 n 2 wn 2
MODE {Hz) 1w08csm | n06as) | (08csim | (108a® | (08osm | (00ew -
RIGID BODY 00 056 u 058 84 056 52
1ST SOLAR ARRAY 0054 ~0 0012 ~0 0012 ~0 0013
2ND SOLAR ARRAY 0.055 0.048 11 0048 02 a.048 03
1ST BENDING 055 24 29 FAJ 72 14 42
2ND BENDING 094 ~0 0.002 ~0 0.004 ~0 0.008
3RD BENDING 14 ~0 0.012 ~0 0.008 ~0 0.00¢
4T. BENDING 9 82 k<] 28 ) 0.89 .
STH BENDING 29 0 » 0.49 a 18 130
1ST TORSION 083 18 - 1 - 0.015 -
2ND TORSION 0.8 10 - 038 - 140 -
3RD TORSION 214 089 - 22 - ~0 -
4TH TORRION 218 092 - 18 - 10 -

*MAXIMUM ANNULAR SUSPENSION POINTING SYSTEM (ASPS) GIMBAL MOMENT CAPABILITY

Figure 2.7.3-1 SASP Acceleration Response to
34 N-m* Payload D Gimbal Torque

The second column for each payload gives the linear acceleration associated

with the linear translation associated with SASP arm bending.
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The largest acceleration shown is 420 micro g's (assuming a three-meter - )
for Payload C and che second torsion mode. The largest "Z" is 130 micro g's
for Payload C and the fifth bending mode. These accelerations would be
unacceptable to a materials processing payload (]0'5 g requirement) and
indicate that some operational torque constraints will be required when
operating in low-g flight mode. This corroborates the rigid body disturbance

acceleration analysis discussed previously.

These accelerations, when applied perpendicular to the auxiliary pointing
system line-of-sight (L0S), result in dynamic payload LOS errors (see Figure
2.7.3-2). The LOS errors resulting from a maximum AGS torque step of Payload

D are shown on Figure 2.7.3-3. The first column for each payload is normalized
.ith respect to distance ( ) from the SASP arm neutral axis. A typical

value for is three meters; the values in the first column for each payload

can be multiplied by three to obtain realistic LOS errors.

Torsion OLOSY

' e

LoS Line-of-Sight

Payload L %
N Disturbance Torque is
Ta = (A 0s) (ML) X
g
Ktp
Gimbal Magnetic Suspansion Not Modeled
- T Gimbal
Acceleration
Perpendicular to
Base

Line-of-Sight (A || og)

Accelerometer Package for
Acceleration Disturbance
Feed Forward Compensation

Figure 2.7.3-2 P~inting System Acceleration
Disturbance Model
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PAYLOAD A PAYLOAD B PAYLOADC
2LOSY/ 00s2 0L0Sv/t L0S2 1L0S,/t 0082
MODE ::.E | i secim) {ARC SEC} | (ARC SEC/m) | (ARCSEC) | (ARCSEC/m) | (ARCSEC)
RIGID BODY oo 1% 105 axwt 1x 105 2x104 tx 108 1x 104
1STSOLAR ARRAY | 0.054 ~0 2x108 -0 2x106 ~0 2x10%
ZNDSOLAR ARRAY | 0.055 6x108 1x 104 6Xx 106 1x 104 6x 108 sx 105
ST BENDING 055 1x107 0.012 9x104 3x103 ex 104 2x103
2ND BENDING 094 ~0 7x 107 ~0 t1x 106 ~0 3x178
3RD BENDING 14 ~0 ax1w® ~0 2x 108 -0 1x108
4TH BENDING 19 2x103 7x 107 ex 104 7x1w03 1x 104 sx103
STH BENDING 29 2x103 ax103 8x10° 7x103 3xw0d
ST TORSION 063 7x 104 - 5x 104 - 6x 1086 -
2ND TORSION 086 ax0d - 1% 104 - -
3RO TORSION 214 2x10% - axw? - ~0 -
4TH TORSION 2.6 2x 104 - axw04 - -

CANNULAR SUSPENSION POINTING SYSTEM GIMBAL SYSTEM
**MAXIMUM AGS TORQUING CAPABILITY
NOTES: SIRTF PAY OAD W:TH FIVE PERCENT MASS PROPERTIES PREDICTION ERROR ASSUMED

Figure 2.7.3-3 AGS* LOS Disturbances Due to a 34 N-m**
Payload D Toraue ( 0.15 Arc Sec)

Note the LOS error units are arc-sec and the tightest payload pointing
stability requirements is 5 X 10'3 arc-sec (A0I-2, Figure ACS-1). Another
point of interest is that the quiescent capability of the ASPS is 10'2 arc-sec.
Therefore, most of the values on this chart are well below experiment require-

ments or below the "noise level" of the auxiliary pointing systems.

Some exceptions exist, however. The LOS error for payload C and second
torsion mode is 0.15 arc-sec (assuming,£\= three meters). Also, the fourth
torsion mode and fi7'! bending mode result in LOS errors which are above the
AGS "noise". (The accuracy of these higher frequency modes is questionable

because of the simplified flexible dynamic model used.)

The results shown here indicate that the inter-payload slewing disturbances

will be acceptable to most pointing payloads. A few payloads with the most
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severe performance requirements may impose some slewing restrictions on
other payloads. Internal instrument motion compensation systems may be

required to compensate for other payload slewing disturbances.

Current IPS performance with the Orbiter indicates potential problems in
the SASP environment. SASP bending modal frequencies are lower than the
Orbiter frequencies and can fall within the IPS controller bandwidth which
may cause IPS control stabiiity problems. MDAC briefly investigated

a 4 Hz structure raising the structure frequency above that of the IPS.
However, the SASP dynamic environment is expected to be much more benign
than that of the Orbiter and the stability problems, if real, solvable by

softwai e modifications.

2.7.4 Thermal Distortions

Structural deformations resulting from thermal gradients in the truss
structure were ana'yzed. Tne analysis assumed a graphite/epoxy structure.

A factor of about 100 should be applied to increase the thermally induced
motions for an oncoated aluminum stru.lure. The thermal transients associated

with day/night-night/day transitions can drive flexible body dynamics.

Figure 2.7.4-1 defines the differential temperature (AT) across the SASP

arm for an orbit. Assuming the thermal deformation to be proportional t¢

2T, the deflection and rotation of the end of an arm is shown. The conditions
are noted to the right of the graph. The transitions from orbit-day to orbit-
night and the opposite generate the fastest changing thermal characteristics
with the most potential to disturb payloads. Transition from orbit-day-to-
night is the worst case since the SASP radiated power-input power differential
is maximum. As shown the thermal deformation is relatively small and can

easily be isolated by an auxiliary pointing system.
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SASP Strut Differential
Temperature Etfects Example
' * Rotation and Deflection at

4 o Outer End of SASP Cross Arm
o 153
3 ?-: % o 435-km Altitude
= 0=
2 o ] o g Angle of 52°
1 g 0.5 g) e Graphite/Epoxy Stn s
0 Jo = Lo USASP o
0 2,000 4,000 6,000 : g:::eune Titea 40% 1o
Time (sec)
Thermo Generated G-Levels
+ Transition From Orbit-Day ¢ Auxiliary Pointing Systems
to Orbit-Night Can Isolate Payloads from
» First Bending Mode Excitation The Demlorcma ations
] X N
+Results in Maximum of * gx‘::ﬂ"::n':s Ar: :::?
106 G's at 0.5 Hz Impacted by Thermal
: Deformation Transi
¢ AGS Pointing System Pointing ranslents

Disturbance Less Than 0.01 sec
Due to Thermal Distontion

Figure 2.7.4-1 Thermal Deformation Dynamics

2.7.5 NASTRAN Model and Structural Damping

The detailed NASTRAN model identi‘ied the first crossarm bending mode occuring
at about 0.2 Hz. This is somewhat lower than the 0.55 Hz mode used in defining
the dynamic environment. However, this small difference in frequency should

not significantly influence the conclusions reached.

Results of the NASTRAN analysis were employed to identify the impact of
structural camping. Potential improvements were identified for even low
levels of damping. Refer to the structures section for the NASTRAN model

definition, the mode shapes and the damping discussion.

2.7.6 Torque Shaping

Fs previously identified, the largest contributor to pointing errors during

the experiment operations, is AGS torque from slewing payloads. These will
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be limited by constraining the magnitudes and shaping the torque histories
to minimize the induced structural responses. Similar constraints should
also be applied to the PS ACS to T1imit its contribution. See the ACS

discussion in Section 4 for further details.

2.7.7 Pointing Evror Budget

The pointing errors shown on Figure 2.7.7-1 are components of the total pointing
error to the payload. The joint indexing ervor of 0.2 deg was chosen to

be similar to the best capability of the Reference PS (0.3 deg) to provide

a balance in the PS and SASP error contributors. However, since the PS

error can reach two deg in the worst case, the PS dominates the worst
accuracy number. The PS error can be measured and available to the payload
by using payload-provided sensors or sensors mounted directly to the SASP.
This latter option is not currently part of the SASP but may be desirable,
especially if none of the pointing payloads on a particular SASP have sensors
suitable for attitude determination (e.g., earth mapping instruments). The
SASP error sources were added (rather than RSS'd) since they can all add at
certain flight times. The pallet thermal errors are T3D but cursory analysis

indicates that deformations c#: be large compared to a graphite/epoxy SASP.

The Reference PS5 contributions are the largest errors. This is partly due

to the aluminum structure and partly to lack of data. The Power System 5 arc-
min stability value results from the previously described dynamic response
(rigid body) to a full-on AGS gimbal torquer but with controller damping

included.

The flexibility value (0.5 arc-min) also comes from the dynamic response

analysis and corresponds to the second torsion mode motion at ™ ,ioad D.
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iNo Auxiliary Pointing System

Error Sot;rce Accuracy (= arc min) Stabllity (£ arc min)

SASP*

Free Play 1.38 - 1.77 1.38 — 1.77

Mfg and Assembly 2—225 -

Thermal 0.38 — 1.28 0.38 — 1.28

Rotational Joint indexing ** or 0°*° or 6¢

.8 — 17.3 sum B - 8.1 sum

PALLET

Mounting 0.41 — 1.32 -

Thermal 8D T8D
POWER SYSTEM 18 — 120 1 —§e°*

{Ref. Power System}

FLEXIBILITY (DYNAMICS)

34 N-m Pointing System - 05

Gimbal Torque

18.4 — 121 RSS 2.1 — 10.4 RSS

IMPROVEMENTS

With Payload Sensor 20 2.1-10.4 RSS

+  Feedback

With APS APS Accuracy 0.15 Arc Sec
$Can Be Made Essentially 2ero " **Perpendicuiar to Joint Axis
*Quter End of Arm, Concept B ¢**34 N-m Pointing System Torque

Figure 2.7.7-1 SASP Pointing Error Budget

The RS® ~sults show that the °S dominates the accuracy errors and SASP
domina*  the stability erross. The rotary joint servo could be designed
sucl . 1t was very stable (e.g., no back drive) which would reduce the

six arc-min value to essentially zero. Auxiliary pointing systems (APS)

can improve the pointing performance significantly. The 0.15 arc-sec
stability value is based on Figure ACS-15 and a 3 m lever arm. The 121
arc-min accuracy value should be acceptable with the . ization of auxiliary
pointing systems as long as their target acquisition volume [solid angle) is
greater than 121 arc-min. Some non-gimpalled payloads may require a better

accuracy and inclusion of additional sensors on SASP.
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2.7.8 Summary
Current analysis results on IPS indicate control system stability problems

exist for pointing systems. ~ie NASTRAN modal analysis of a SASP configuration
(documented herein) shows many frequencies below the 1 Hz which has been
mentioned as a bandwidth goal for the IPS and AGS. Thus, potential stability
problems must be a consideration. The expectation that the SASP disturbance
environment is much less severe than on Orbiter leads to the conclusion that
SASP pointing system bandwidths can be reduced which should help alleviate

the problem. Designed-in structural damping currently appears to be

feasibie and will relieve the stability problem. Modifications and improvement

to pointing system design also could prove beneficial.

Simultaneous operation of more than one pointing system could lead to
composite control system stability problems or performance degradation. The
pointing systems couple in a closed-l1oop manner through the structure. An

executive control system conret is a potential solution.

The SASP disturbances car te ' .ri‘ - r reduced relative to the Orbiter
disturbances by limiting the pointing system torque magnitudes and shaping

the torque histories to minimize the induced structural flight responses.

The dynamics effort to date has considered only "open-loop" APS responses

to SASP motions. Further work is needed to determine the "closed-loop"

AGS LOS responses to various disturbances . A subject of interest is the
optimization of the torque command history for a given maneuver “92 minimize
the excitatiun of the flexible modes. The simultaneous operation of more than
one pointing system should be analyzed. The basic stability of the combined

system may be impacted as well as the pointing system performance.
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More detail definitions of vehicle orientation requirements are needed with
realistic operational scenarios so that attitude control system sizing can be
firmed up. Accuracy constraints on orientations are needed aiong with

orientation hold duration requirements.

In order to preclude PS attitude control system stability problems a preliminary
reqrirement was imposed on the SASP structure that stated thare be an order

of magnitude frequency separation between the ACS and the largest struct:ral
bending mode -fn> 0.1 Hz. The resultant structural designs all met this

requirement.

2.8 ORIENTATION

Platform on-orbit orientation and configuration design are interdependent.
Given a design the orientation selection(s) is driven b, that design and
vice versa. A flexible approach toorientation has been adopted to minimize
platform complexity and preclude sophisticated hardware design solutic.s

that might result from adopting a single orientation.

Figure 2.8-1 enumerates the factors that impact orientation selection. The
evolutionary SASP configuration growth when combined with the variety of
experiment viewing directio&s and the desire to fly different mixes of
experiments on separate missions lead to flexible posture where orientation

is both selectable and changeable maximizing responsiveness to mission/experi-
ment requirements. A shopping list of orientations (not exhaustive) is
presented in Figure 2.8-2 with some recommendations for a variety of missions
anc¢ configurations. Singling out an example ; the dedicated earth viewing
mission on the 1st Order Platform might have three earth poirting payloads
operating simultaneously each on a separate mini-arm. In the recomvendeu Z-1.V

orientation (radiator pointed toward the Zenith) each of the payloadc is
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DRIVERS

— Configuiation
¢ First-Jrder Platform
* T-Bar Viewing
» Cross-Arm Platform Viewing
¢ Trail-2rm Platform Viewing
= Experiment View Directions
e Solar
e Earth
* Magnetic Lines
* Atmosphere
* Celestial
¢ Anti-Earth
¢ Inertial
- Mission APPROACH
¢ Dedicated to One Direction = Adopt a Filexible Posture
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pointed in the -2 dirvection (toward the nadir) fulfilling the directional

experiment requirements.

Achieving maximum flexibility in orientation selection does not however come
free. Figure 2.8-3 shows the impact of Beta Angle (angle between the orbit
plane and solar vector) on electrical power available to SASP. The X-POP,
Y-PSL orientation can provide the full power potential. For a Z-LV, Y-POP
orientation power varies from the full potential at zero Beta to zero power
at 90°. Conversely, power varies from the full potential at 90° to around

8 kW at zero Beta for the Z-LV, X-PCP orientation. Combining these Z-LV
orientations by rotating from Y-POP to X-POP as Beta increases from low to
high values provides a minimum of 22 kW. Thermal dissipation evidences
similar trends. (One as yet unmentioned orientation presents an interesting
potential that should be further explored. A Z-LV, Y-PSL orientation
provides full power with continuous earth pointing. Preliminary investigations
indicate the CMG torque limitations may not allow the body rates to exactly
provide this orientation but could come very close. Earth pointing FOV's
would rotate at variable rates about the nadir. The acceptability of these

factors needs to be evaluated.)

This discussion has not distinguished between principal and geometric axes
when referring to orientation. From a controls viewpoint it is generally
desirable to orient about the principal axes to minimize CMG desaturation
requirements. However, from a payload viewing standpoint orientation

should be about the geometric axes. By example, in a Y-PSL orientation if
the Y geometric axis is displaced from the Y principal axes by more than 0.5
dearee and the principal axis orientation is employed, the E0-1 solar viewing
sensor will not have the sun within its Field-of-View. Further work should

be nerformed in this area.
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Figure 2.8-3 Power Available

2.9 ACCELERATION LEVELS

As defined in Section 2.1, Materials Processing and Life Sciences place
acceleration limits on SASP operations. The Materials Processing class of
experiments imposes the more stringent requirement; < 1 x 10°5 g's. This
constraint is the design driver. In the operation of the Platform this
constraint helped drive the reboost interval to 90 days to minimize interference
with the Materials Processing experiment. In Figure 2.9-1 the acceleration

environment for the 1st Order Platform is presented.

The rigid body linear accelerations at the outer ends of rear and side pallets
for a Sortie-Combo and a Free-Flyer configuration are shown for several
disturbance sources. The aero drag variation is due to diurnal bulge
atmospheric density variations and the orbital variation of the projected

area perpendicular to the velocity vector. A solar activity of 150 x 10'22

wattzlsec (nominal 1991 solar maximum) and an altitude of 435 km was assumed.
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. ACCELERATION (108G S)
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Figure 2.9-1 Disturbance Accelerations
for First-Order Platform
The orbital mechanics and maneuver g-levels are higher for the Sortie-Combo

configuration because the distance from the c.g. is greater.

Payload slewing and CMG disturbances vary because the moments-of-inertia vary
from axis to axis. The 34 NM ASPS disturbance torque corresponds to the
maximum gimbal moment capability for APS's* being considered. Note that for
the Free-Flyer configuration the 34 NM disturbance results in g-levels in

excess of the 10°5

g materials processing requirement so that some payload
slew acceleration limitations will be imposed. The CMG torques correspond to
Skylab data. The typical value is an estimate based on the fact that Skylab
operated with a torque limit of 55 N-M (1 deg/sec gimbal rate limit) during

most of the later flight. It was assumed that short term oscillations required
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25 percent of the limit. HMomentum management maneuvers (occuring several
times per orbit) reached the 55 NM 1imit, however. Therefore, the SASP
attitude control and momentun. management schemes used during low-g operations

will be specially designed for the low-g mode to achieve the 10'5 g requirement.

The Orbiter disturbances exceed the requirements threshold from a materials

processing viewpoint. The small Orbiter thrusters (VRCS) result in well over
the 107
the 1072

g requirement. Even minimum crew disturbance levels appear to exceed
g requirement. For this study, materials processing experiments were

-ssumed to be performed only in Free-Flying modes.

Figure 2.9-2 presents corresponding data for an Extended 2nd order configuration.
The larger inertia of the configuration reduces somewhat the acccleration due

to toryues. However, the ASPS 34 N-M torque still causes acceleration levels
greater than 10'59‘5. Torque shaping called for in the 1st Order Platform

will also alleviate this condition.

*Auxiliary Pointing Systems

ACCELERATION (1075 6°S)

PALLET AT PALLET ON
DISTURBANCE SOURCE END OF CROSS ARN SUPPORT NODULE
o ORBITAL MECHANICS
X-POP, Y-PSL
1-Lv, Y-POP 3 )
o 0.1 DEG/SEC MANEUVER
(WORST DIRECTION) 4 2
o PAYLOAD SLENING 20 15
(ASPS, 34 N-N)
o CIF TORQUES
MINTMUN (0,33 R-N) 0.2 0.4
TYPICAL (14 N-N) 8 6
o Ai{RO DRAG
X-POP, Y-PSL
1-lv, Y-POP

Figure 2.9-2 Disturbance Accelerations for
2nd Order Platform

78



2.10 PLATFORM SIZING

Early in configuration development it was recognized that certain payload
dimensions (e.g., antennas, tethers, etc.), could lead to payload/Power
System collisions unless care was exercised. Consequently, payload
maximum dimensions were analyzed to determine how configuration dimensions
such as berthing port separations and standoff clearance between the Power

System and Platform should be determined (see Figure 2.10-1).

Platform sizing requirements were developed and are summarized in Figure 2.10-2.
These reflect the Orbiter payload bay constraints, the desire to avoid payload-
to-payload and payload-to-solar array interferences, the desire to satisfy

the maximum number of candidate payloads and the aesire for both configuration
commonality and growth capability. The initial assumption was that either
gimbal locks or software programming could avoid interferences; however,
frequent payload loadinj changes would make this approach subject to frequent
change and possible safeqguard failure. Consequantly, ar lysis focused on
selecting a payload length 1imit which would assure payload/Power System (PS)
clearance. Subsequent study should re-examine this decision as Platform and PS
designs are further developed and representative payload requirements are

affirmed.

A cumulative payload percentage with maximum dimension equal to or less than
a given value was developed to see if a logical standoff distance could be
determined. These results are plotted in Figure 2.10-3. The curve has a
logrithmic sca"@ for payload length and it is evident that required standoff
distances increase rapidly above the 10- to 12-meter size while percentage
capture increases slowly. Figure 2.10-4 illustrates this point more clearly

and a 12-meter payload size (83% capture) was selected. As can be seen the
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next larger payload is 18 meters in length and represents a two percent
increase in capture percentage. The 12 meter payload size permits the stand-
off structure to be rigid (non-deployable) so that structural free play could
be minimized, the outer surface could be used for ground-installed radiators,
and cost minimized. Figqure 2.10-4 also illustrates that a significant number
of payloads should be flown in a trail arm location to avoid the potential
solar array interference present with the cross arm mounting. These larger
payloads are given further definition in Figure 2.10-5. It can be seen that
all could be flown on the configuration shown in Figure 1.5.2-2; however,
platform orientation must be restricted to an airplane mode (e.g., Z-LV) with
limits imposed on cross arm rotation. Some of the payloads (e.g., SOI-3, and
SP-5) would be candidates for solo flight due to payload interference with

all the cross arm positions.

With selection of Platform/PS standoff requirements were established for

docking port separations. These are summarized in Figure 2.10-6. Interport
distances were analyzed for payloads on the same arm and pointed towards one
another. The limiting case occurs with payload gimbal angles of 30 to 60

degrees. As identified in Figure 2,10-6 the limiting case occurs for the
Astronomy/High Energy physics payloads with the four largest payloads ( 12 meters)
as indicated. At a port separation of 13.2 meters, AOI-1 and AMIP-3 can

be flown together without risk of collision. Thus, payloads HE10/11 and AOI-)

cannot be flown on the same arm unless gimbal travel is constrained.

The lTimiting case for abutting arms occurs with celestial and earth viewers.
A distance of 9.53 meters (see Figure 2.10-1) will assure adequate clearance
between AOI-1 and R-34 (Soil Moisture Radiometer). No problems will be

encountered with R-48 (Ocean Synthetic Aperture Radar) since the phased
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Figure 2.10-1 Platform Sizing

o Fit Platiorm Into Payload Bay With OMS Kit and Docking
Adapter (13.4 Meters)

Prevent Collision Between Payioads and Solar Arrays
Prevent Collision Between Adjacent Payloads

Satisty the Maximum Number of Payloads

Minimize Structural Free Play

Maintain Commonality Between Configuration Options
Maintain Growth Option

Maximum Envelope With Docking
Module and OMS Kit

Figure ..10-2 Platform Sizing Requirements
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e AON2 Astrometric Telescope (18 x 2m Dia)

o AMIP-5 IR Telescope (35 x 15m Dis)
e SOI3 Atmospheric Gravity (100m Dia)
Wave Antenna
o SP-§ Pinhole Camera (100m Boom)
o SOI-1 Particle Beam injection (100 x 100 x 10m)
e SOI2 Pinhole Camera (1 km Boom) g
10 km Tether a
" S intoraction S00m Antenna)
o R-37 Geomagnetic Fleld (100 km)
Tether
o SMIP-2 Tether (100 km)

Figure 2.10-5 Payloads Requiring a Trail Arm Configuration

REQUIREMENTS

¢ +60° Gimbal Travel ~ Pointing

e Avoid Payload Collisions

¢ Only Common Technology Payloads Per Arm
® Payloads > 12 Meters To Fly On Trail Arm

LIMITING CASES
e Single Arm — Celes!:al Viewers
AST-5 I1X5x1m
5 x 1.5m Dia
HE-10/11 10 x 5m Dia }-——————
[AOI-1] 12 X 3 x 3m
® Abutting Arms — Celestial and Earth Viewers
12x3x3m
20m Dia (Parabolic) 9.53m
R-46 11 x 4 x 4m
R-48 20 x 2 x 0.2m

Figure 2.10-6 Docking Port Separations
Cross-Arm Configuration
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array would be flown either parallel to or normal to the cross arm without

a gimballed pointing system.

Assuming that a trail arm configuration may be developed for the lare~:
payloads (see Figure 2.10-5) it appears that a 13.2 meter intervai aaxima
would be appropriate. This is based on the rationale that other payloads
should be able to fly this configuration with minimum constraints as weii as

the nine oversized payloads.

Figure 2.10-7 summarizes the sizing features and sensitivities of the selected

configuration.
[ Percentage of Payload Lengths Accommodated®
‘ Se ion (Lengths: 38%=3m, 28% 3-5m, 17% 5-12m, 7%18-20m, 10%a20m)
Distance (m) Solar Pane! Avoidance | Adjacent Payload Avoidance Berthing with RMS
(120° IPS Sweep Cone)
(inner Ports)
75 65% 7% 100%
: (Two 8m Payloads) (Both Inner Ports)
(Design Point) (Design Polnt)
(inner Ports) 100%
9.5 75% 5% (Both tnner Ports)
(Two 10m Payloads) (Max RMS Reach)
11.0 80% 83% )
(Two 12m Payloads) 1 Inner Port Only
138 (Design Point)
{(Max Solid Arm (Design Polnt) Outer Ports 0
Length/Cargo Bay; 83% 70%
OMS and Docker) (12m Payload) (Two 7m Payloads)
L 28 290% 83% 0
(Two 12m Payloads)

*Payload Diameters and Shape aiso Influence Piatform Sizing

Figure 2.10-7 Second Order Platform Size Sensitivity
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2.10.1 Platform Shaping

An extensive evaluation wac made of numerous approaches to basic platform
shape. Figure 2.10.1-1 illustrates the candidates studied. The conclusion
reached from this analysis is that the "Horizontal Tee" configuration and
subset of it, "Trail Arm" and "Cross Arm", have superior capabilities when
employed with the Reference 25 kW Power System. Figure 2.10.1-2 1ists some of

the criteria applied in the configuration selection process.

2

A A

Figure 2.10.1-1 Configurations Evaluated
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© DEVELOPMENT RISK - SIMPLICITY OF DESIGN, TECHNOLOGY STATUS, NEED FOR
NEW TOOLING OR MACHINING, COMPATIBILITY WITH ANALYSIS METHODS,
TESTABILITY

© GROWTH CAPABILITY - SUITABILITY OF DESIGN FOR INCRZASED SIZE, POWER,
IMPROVED ATTITUDE CONTROL, ETC

o INERTIA DISTRIBUTION - RELATIVE EASE OF VEHICLE CONTROL

® EASE OF PLATFORM ASSEMBLY OR DEPLOYMENT - SIMPLICITY OF OPERATIONS,
DEPLOYMENT COMPLEXITY, NEED FOR AIDS OR SPECIAL EQUIPMENT, PACKAGING
DENSITY/NUMBER OF LAUNCHCS REQUIRED

ORESPONSIVéNESS TO PAYLOAD/MISSION REQUIREMENTS -

o S|MULTANEOUS MULTIPLE-VIEWING DIRECTIONS
. ®SPACE FOR OVERSIZED PAYLOADS
‘ *MINIMUM VIEW BLOCKAGE

Figure 2.10.1-2 Selection Criteria

2.10.2 Quersized Payloads

A number of candidate payloads are clearly oo large for joint flight with
others on the size-class of Platformbeing addressed in this study. They are
1isved in Figure 2.10-2-1. These payloads, therefore, were relegated to
accommudation on the large) Advanced SASP studies under a parallel contract

for LARC/MSFC, as illustrated in Figure 2.10.2-2.

ORIENTATION

*50i-1 PARTICLE-BEAM INJECTION (100 X 100 X 10m) MAGNETIC

S0I-2 PINHOLE CAMERA  (20m DIAM + 1kM BOOM) SOLAR
*501-3 ATMOSPHERIC GRAVITY WAVE ANTFNNA  1100m DIAM X TBD)  EART
**50i-4 MAGNETIC PULSE (1kM ANTENNA) NA

R-9 MARK | RADIOMETER 20m DIAM) EARTH

AMIP-5 IR TELESCOPE (35m X 15m DIAM) CELESTIAL

AOI-2 ASTROMETRIC TSC  (18m X 2m DIAM) CELESTIAL
*DROP-SIZE

**DROP-ALTITUDE
Figure 2.10.2-1 Oversized Payloads
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POWER SUPPLY MODULE
1R YELESOOPE (120° CONICAL FOV)

= CONSTRUCTION MANIPULATOR ASSEMBLY
o Y ATES 180° ABOUT THIS AXiS
o A Ku BAND ANTENNA
MEdod ) ™
Xy »
N L v

«SCOPE: $00900 FAOM LIRC LSST THROUGH
MSFC/). HARRISON

* PERIOOD OF PERFORMANCE: 4 MONTHS

© PURPOSE: DEVELOP STRUCTURAL

REQUIREMENTS FOR AN ADVANCED
SASP

® ADVANCED SASP TO SATISFY USER
AEQUIREMENTS FOR:

= EXTRA LARGE PAYLOAD

Figure 2.10.2-2 Advanced Science and Applications Space
Platform Concept Study
2.11 FIRST ORDER PLATFORM DEVELOPMENT
Using the Power System with only minimal additions as an early, low cost
Platform merits consideration. The evolution of those additions necessary
to make this operating mode viable for viewing experiments is discussed in

the following paragraphs.

2.11.1 Requirements
The set of requirements employed in the development of the uesign are:

o Permit simultaneous viewing in three directions
e Payload viewing directions are Solar, Earth, Anti-earth, Gravity
Gradient, Celestial, and Magnetic

e Power System Orientations as needed
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2.11,

Durations - 3 to 4 months
PS subsystem/payload service compatibility
Preclude collisions between payloads and between payloads and PS elements

Minimum transition for payloads from Spacelab Sortie Mode (see Figure

2.11.1-1).

Spacelab Payload
Converted trom
7-Day to 3-Month
Flight Capability

s PayloadiPsliet Interface

Subsystem Coldplate Data/Communications . ;‘;‘:::"‘“' Same
: as
Handralt ' Experiment Coldplate * DataiComm Sortie
¢ Thermal

¢ Platform/Pallet Adaptions
* Add RMS Grapple Fitting
* Caution and Waming to
Grapple Fitting Orbiter During Ascent
Yy Platform Interface ¢ :::::w :2"6:;""
Power Thru SASP Umbilical
o internal Pallet

Wiring to SASP
Plattorm-Type Pallet Umbilical

Figure 2.11.1-1 Minimal Transition for
Payload/Pallet Interface

2 Configuration Options

The options considered were:

—
.

Pallets bottom mounted directly to the PS (fixed).
Pallets end-mounted to the PS (fixed).

Pallets bottom mounted directly to the PS (rotatable).
Pallets end-mounted to the PS (rotatable).

Pallets bottom mounted to mini-arm (4-position fixed).

Pallets bottom mounted to mini-arm (4-position commandable).
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Details of these options can be found in Section 4. Employing the viewing
requirements quickly eliminates Options 1 and 3, with pallets bottom mounted
“to the Power System. For the PS ports of interest (+Y, -Y, +X, and +Z) and
an experiment sensor mounted on the pallet looking out (Option 1) there is
major FOV obscuration from the +Z, +Y, and -Y ports, leaving only the +X
port as a viable viewing candidate. Adding rotation, Option 3 provides no
benefits only rotating the instrument FOV about itself.

2.11:3 Payload Interference

For the reference PS design interference will exist for payload/pallets that
are directly mounted on the PS ports. This interference occurs between pallets
and any payload overhang will aggravate tne problem. Figure 2.11.3-1

illustrates the basic interference problem.

JIT - TT

111 N )

- TT 1 HEUTY
=Rl
' A

»
(v

LM mmu&n >
REQD_TD 1> %‘
PREVENT WIERFERENCE HF -

s
' ~ PAYLICAL

4 INTERFEReNCE

T 0SHYBLE INTERFERENCE " II
WITH #2 MOUNTED =
VAYLOAD

L. —

“_I’n

\ ROTHNION

CNVELOTE
(5™ LA} ENU MOUNGT L ROTATING PRLLET CONRIO

Figure 2.11.3-1 Payload Interference - End Mounted
Rotating Pallet Configuration
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The +Z port poses a potential collision risk with the PS radiator unless the
payloads either are constrained to deny viewing in the +Z direction or

limited to prevent gimballed payloads from vi-wing in the +Z direction. In
effect, the +Z docking port has greater interference risk than do the +X

or +’ ports. It is recommended that further study be given to the suitability
of the +Z port as additional payload requirements emerge for flight on the
First Order Platfora.

2.11.4 Viewing Comparison

Quantitative comparisons were made between the fixed and on-orbit commandable
pallets mounted on mini-arms. Figure 2.11.4-1 illustrates the results of this
comparison. Percent of the celestial sphere visible at any instant in time

is shown for both options. As shown the flexibility provided by the commandable
four-position concept is clearly superior (more than Jouble that portion of the)
sky that an instrumert can view) and approaches, in certain si’. ations, that
visible from a dedicated spacecraft. (Assumptions include: 15 degree

exclusion zone about earth, and all platform elements, and a 60 degree gimbal
capability. Shaded areas indicate continuous visibility; a dashed-boxes
obscuration by the earth over a portion of the orbit. Lower plots show

schematically how viewing from each mini-arm varies over the orbit period.)

2.11.5 Configuration Selection

From the preceding analyses the following conclusions were drawn. First, that
standoff structure is required to preclude interference of rotatable pallets
and seccnd, that commandable multiposition pallet viewing is clearly superior
to fixed pallet viewing. MDAC selected the three-position rotation plus hinge
(4-position) over a fully rotatable capability with hinge to reduce both

cost and complexity while still providing the required viewing capability.

90



Commandable Miniarms Enhance Visibility

Y-PSL; X-POP Orientation 60 Z-LV; Y-POP Orientation
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Figure 2.11.4-1 1st Order Platform Visibility - II

To resolve the interference problem and to provide both gimbal and hinge
movement requires a standoff structure about three meters long. Each mini-arm
usec a single three meter segment of the structure designed for the 2nd

Order Platform.

2.71.6 Bottom Versus End Mounting

The trade for pallet mounting (end, bottom, or side) is reported in Section 5
and bu:tom mounting was selected. For convenience, the pros and cons for

»ttom and end mounting are updated and repeated here. (These considerations

did not consider the implications of a hinge.)

END MOUNT BOTTOM MOUNT
Pros Pros
o Permits +Z and +X viewing from ® Mechanical/electrical interface
1Y ports. same as Platform
e End attachment close to current o No impact on cargo bay volume

umbilical location
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Cons e Least weight penalty

o Increases pallet length, reduces e Less thermal distortion error
Shuttle volume at launch
o Minimum standoff needed to preclude
e Structural attachment will interference
constrain payload volume/space

e Cantilevered support increases Cons
"jitter" and pointing error
due to thermal distortion o Interface is smaller than Orbiter/PS
interface

e Heaviest structural interface
o Need remote TV viewing of pallet/PS

® 90° hinge still required to assure interface during docking
multiple pointing capability.
Hinge can lead to interpallet ® Requires 90° hinge to assure multiple
interference. pointing capability

e If used for 2nd Order Platform,
effective standoff to solar
array is reduced.

o A 1.6 meter standoff is needed
to prevent interference during
rotation.

Based on review of the above, the bottom mounted pallet decision is affirmed.

2.11.7 Evolution and Growth

The recommended Payload Support Berthing arms can be used with the Second
Order Platform either at the PS docking ports or as simplified trail arm
positions. Subsequent study should consider making the arms capable of

orientation at any angle of rotation with a +180° capability. Mechanical

gimbal stops could be incorporated when used on the PS.

By providing payload rotation and second axis hinge movement, the berthing
arms make minimum impact on Power System services, except for the recognized

need for +Y port additions.
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Section 3
PLATFORM/25 KW POWER SYSTEM ANALYSIS

(Task 3)

3.1 OBJECTIVES

The objectives of this task were to (1) define the requirements which the space
piratform system elements impose on the 25 kW Power System, (2) determine via
trade studies the most cost effective interface between the two systems, and
(3) identify recommended interfaces and desirable modifications to the 25 kW

Power System.

This section of the report first presents a summary tabulation of interface
corments for both First and Second Order Platforms. Following this are

individual subsystem discussions of the subject interfaces.

3.2 SUMMARY
Table 3.2-1 provides summary interface comments which are intended to form

a basis for discussions between the Power System and SASP organizatioms.
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1st Order Plattorm

2nd Order Plattorm

® Provide 25 kW 30 and 120 VOC at
One of the y Ports

e Consider Adding Higher Power
Capacity at One y Port for Unique
Applications

o Provide 6 kW 30 and 120 VDC at
the = y Ports

& Terminale Equipment Grounding
Conductor trom Miniarms

e Consider Means to Bypass 120 VDC
Regulator

a Consider 12.5 and 25 kW Options

@ Providc a Third isolatable 120 VDC
Bus Interface

= Terminate Equipment Grounding
Conductor from Platt>em Support
Module

[ Thermal Conltglj

o Provide Thermal Services 1o + y
Ports (Pumps in PS)

e Performance Characteristics of PS
Payload Heat Exchanger and Temp
Contro! Logic Needed

e NASA Alternatives to Freon 21

e NASA-MSFC Work on Disconnects

Table 3.2-1

= Additional Heat Rejection Capability
for Payloads

o Performance Characteristics of PS
Payload Heat Exchanger and Temp
Control Logic Needed

=« Temp Control System Modifications
tor 40°F Service to Lite Science
Payloads

o NASA Alternatives to Freon 21

= NASA-MSFC Work on Disconnects

Platform/Power System Interface Comments

94



13t Order Piatiorm

® Increase KSA Link Capability to 300 MBPS
e increase Capacity at SASP Port to 300

MBPS

® incresse Continugus Channel Capacity to

Apsroximately 200 XBPS

® Increase Data Storage Capability

® Low-G Atttude Control Made
e PS Structural Distortion?

o Ponting Reference Coordination

o Berthing Alignment Accuracy
® Control System Bandwidth?

® Provide -y Ports

o Mechanical/Functional Interfaces

= Orbiter Berthing Adapter 10 Provide
Access to All Necessary Parts

Table 3.2-1

3.3 SUBSYSTEM DISCUSSIONS

2nd Order Plattorm

| Communication Data ]

e Increase KSA Lint: Capability to 300 MBPS

® increase Capacity at SASP Port to 300
MBPS

e Increase Continuous Channel Capacity to
Approximateiy 200 KBPS

o Timing and Position Data trom GPS Are TBD

Attitude Control

= Low-G Attitude Control Mode

e PS Structural Distortion?

® Pointing Reterence Coordination

® Berthing Alignment Accuracy

@ Control System Bandwidth?

e Supplemental Control Versus Axis
Skewing

a Cooperative Control Between PS, SASP,
and Pointing System Computers

® Mechanical/Functional Intertaces
e Telescoping Boom or Equivalent for
Orbiter Berthing and Servicing

Platform/Power System
Interface Comments (Continued)

Figure 3.3-1 lists the subsystem capabilities inherent in the reference

Power System used in this study as defined in the NASA/MSFC document, same

title, PM-001 (preliminary).

Figure 2.3-2 illustrates the two basic Power

System operating configurations for platform utilization, namely, 12.5 and

25 kW sizes.

3.3.1 Power System Interface

3.3.1.1

Power Interfaces Requirements

The 1st Order Platform introduces requirements for a 25 kW average power

interface capability at both 30 VDC and 120 VDC at the PS +Y, -Y, and +X

docking ports.

These requirements are driven by the Materials Experiment

Carrier (MEC) which can dock at any one of the three ports. Based on Power
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POWER
® 25 kW Minimum Continvous
o 28 and 120 VOC
o Peak Load Capablilty >25 kW
o Growth: SO kW
o Increment: 12.5 kW

STABILIZATION AND CONTROL

@ Pointing Control

-~ Accurecy 0.3° to 2°

— Stabllity ~1 min at Best
& Maneuveting

~— 50 Deg/Min Rate (Max)
o Low-G Environment

o Single Point - o
Reterence Ground — 10 - 10~ g's
® Bus Overvoitage ~— Depends on Payload Locetion
Protection @ Orientation Hold
— 13,800 Ft-Lb-Sec Momentum
g!':gno Capabiilty (Max)
DATA AND COMMUNICATIONS - Desaturation Assistance
":E:::ano" e 50-100 MBPS per Payload Port from Magnetic Torquers
{Beta Angle Dependent) ® 223 MBPS Total (Single Access)
— 10-16 KW o1 25 kW Power o 3og s oL ultiple Access)
— 13.5 - 17.5 kW for bl f‘.‘""‘""-"‘" CAL PR
tor Cooling Equal igh Rate Muitiplexing PHYS! OPERTIES
to Power Output ® Limited Computational © Welght = 12,500 kg (25 kW)
= Higher Heat Rejection at Capabliity for Payload o Dimensions
Lower Power Output Support = Length (Solar Panels) * 80 m
) terfaces - Height = m
. :':'n"o:r'-':un Controy  REBOOST MODULE — Length = 13 m
at 60°F to Payload L] :olizlal Thrusters at ° a«:nmsg Ports
esch — Aft
' @ 8 ACS Thrusters at ottom {Orbiter)

7.4 ib each
o Monopropellant Hydrazine
® ~1,100 ib Usable Propellant

Figure 3.3-1

© 26 KW LOW 'NCLINATION
FIRSTOADER FLATFORM

REOUCED
POWER SYSTEM

~ Forward {Reboost Modute)
= Aft End
- Aft Top
~— Growth: One on each side

Reference Power System Description

REDUCED
RADIATOR

© 12.6 KW HIGH INCLINATION
FIRSTORDER PLATFORM

Figure 3.3-2 Platform Utilization Modes
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System position (PMCCP) peak power capability required at each port is 35.3
kW @ 30 VDC and 36.0 kW @ 120 VDC. The latter reflects the indicated
potential power capability versus the rated capability of 27 kW and, therefore,

should be considered as a desired capability rather than a hard requirement.

The requirements for the +X docking port are also driven by provision for
growth to the 2nd Order Platform. In this case, the capability for 36.0 kW
at 120 VDC is more substantive because of the potential for simultaneous

high power demands from multiple payloads.

3.3.1.2 HWork Accomplished

Equipment Ground Bus Interfaces

This requirement applies to the interface with each of the mini-arms in the
1st Order Platform and to the standoff structure interface in the 2nd Order
Platform. The need for an equipment ground bus results from the use of
graphite epoxy structure (with its relatively high resistivity) for the
mini-arms, standoff, and other structural sections of the Platform System.
The high resistivity of composite (laminated) graphite epoxy material

relative to metal structures such as the aluminum support module for the

2nd Order Platform makes it unsuitable for use as a return path for equipment
ground fault currents. A low impedance path is required for such curvents

to assure proper operation of fault clearing devices such as fuses and circuit

breakers.

The required low impedance can be provided by conductors sized to bandle the
maximum fault currents. These conductors must be suitably bonded to the
metallic ground plane used for the primary power single point ground system

in the PS.
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3.3.1.3 Consider Means to Bypass 120 VDC Regulators

This command derives from consideration of options for utilizing PS available
capacity to supply peaking power to payloads as covered in Task 4, Subsystem
Trades. The preferred approach to supplying high peak power to payloads
served by the Platform is by means of peaking batteries provided by the user.
Bypassing the regulator(s) might, however, be a viable alternative in a

specific application.

3.3.1.4 Provide a Third Isolatable 120 VDC Bus Interface

This is a recommendation based on providing essentially the same flexibility
for bus loading, payload isolation, and switchable source bus redundancy

as is inherent in the 30 VDC three-bus interface. The reference concept

25 kW Power System provides for three 120 VDC regulators. This proposal
would utilize one regulator for each or the three buses to achieve bus

isolation as required.

3.3.1.5 Summary of Power System/Platform Interfaces

Table 3.3.1-1 gives the significant data for each of the power interfaces and
equipment ground buses identified previously. Note that the peak kW for

to two 120 VDC buses to the mini-arms is 36.0 versus 27.0 as discussed
earlier. Similarly the total capability for the recommended 120 VDC
three-bus interface on the 2nd Order Platform is 36.0 kW.

Also note that 6 #0 gauge wires are specified for two of the three 30 V

buses interfacing with' the platform support module. For the third bus, a
total of 8 #0 gauge wires are shown. The large number of heavy gduge wires
are required to satisfy voltage drop 1imits on the longer runs. The 8 #0
gauje wires are specifically required for peak loading of the Orbiter/Spacelab

interface circuit. An option to providing the full 6 wires or 8 wires at the
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NUMBER | OC KW PER BUS

PLATFORM | OFBUSES | VOLTS | AVG | PEAK | WIRESPER BUS TOTAL WIRES
157 ORDER 3 2 83 | 1na 4 NO. 0 GAGE 12 | eacnor
- 2 120 125 | wo 2NO. 4 GAGE 4 } THREE

1 - - - 2N0.0GAGE!Y 2 | minianms
2ND ORDER 3 30 83 | ne 4NO. 0 GAGE 12 | eacnoF
-_— 2 120 125 | 180 2ND. 4 GAGE 4 WO

! - - - 2NO. 0 GAGE(Y 2 | minianms

2 30 83 | 1ne 8 NO. 0 GAGE 12

' 30 83 | 130021 | sNO.0GAGE 8 m‘r:om

33 120 83 | 1220 | 2nN0.4GAGE 8 I moouLe

1 - - - 2N0. 0 GAGE(Y 2
{1) EQUIPMENT GROUND BUS. WIRES ARE SIZED FOR FAULT CURR
{2) REQUIRED TO SUPPLY 11.0 KW PEAK TO ORBITER/SPACELAB INY: ... AT 2¢ 6 VOLTS MINIMUM
(3} THIRD 120 V BUS FOR 2ND ORDER PLATFORM IS A RECOMMENDE N TO THE TWO -

k. 120 V BUSES BASELINED IN THE 26 KW POWER SYSTEM REFERENCL LU EPT

Table 3.3.1-1 25 kW Power System/Platform
Power Interfaces

PS/Platform interface would be to limit the interface to four wires per circuit
and install a junction box at the PS end of the platform standoff. The

required additional parallel wires could be added at this point.

3.3.2 Thermal Control Subsystem Interface with Power System

Heat rejection capability is provided by the reference Power System design
through a payload heat exchanger. This capability can conveniently be used

to provide a portion of the platform subsystem ana payloads cooling reguirements.

3.3.2.1 Requirements Summary
Power System interface requirements are summarized in Figure 3.3.2-1. Physical
interface requirements in schematic form are shown on the right. The Power
System provides accommodations for three payload fluid cooling loops in the
form of fluid disconnects, a temperature control valve and a payload heat
exchanger passageway. The normal temperature control range for the Power
System is 60 to 110°F. Pressure drop and flow characteristics are not yet
defined but are assumed typical for this type equipment.
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POWER SYSTEM ONLY (NO PLATFOAM, THUS NO SUPPLEMENTAL RAD!

\ATORS)
28
(3 - PAYLOAD

X-POP, YPSL ORIENTATION

~
»

3

-
o

o EQUALS HEAT
REJECTION

-
~

HEAT REJECTION TO PAYLOAD (kW)
o

PAYLOADS PROVIDE
a PART OF HEAT
REJECTION
° L L1 1
0 & 8 12 16 20 2
S POWER QUTPUT (kW)
SUMMARY SUMMARY
« 10 TO 16 kW AVAILABLE AT . :m:‘ NOMINAL TEMPERATURE
) 25%KWPOWER OUTPUT © THREE PORTS AV \LABLE
13,5 TO 17.5 kW AVAILABLE INCLUDING ORBITER PORT
FOR POWER QUTPUT EQUAL

TO HEAT REJECTION

o AT POWER BELOW 25 kW, POWER
SYSTEM PARASITICS ARE LESS
AND HEAT REJECTION FOR
PAYLOADS INCREASES

Figure 3.3.2-7 Thermal Control Accommodation
First-Order Platform Mode
Power System performance, in terms of heat rejection, is given on the left
side of Figure 3.3.2-1. Performance is a function of power level and beta
angle. Rest performance is at low power output when Power System parasitic
loads are low. Similarly the lowest performance occurs at high power loads
to the payload. The minimum performance corresponds to the full 25 kW power
output where heat rejection ‘s 10 to 16 kW depending upon beta angle. 13.5

to 17.5 kW of cooling is available for the rase where the Power System rejects

all power from payloads.

3.3.2.2 Importanc Factors and Considerations

The reference Power System is designed to receive thermal control fluid at
110°F ard maintain a controlled 60°F payload return temperature. This

temperature range must be compared to payload requirements to assess the
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t Reference:
180 Preliminary Payload Element Schedules
and Characteristics for Space Plattorms
Concept Studies, Jan 1879,
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‘ -22 Average Experiment Power (kW)

Figure 3.3.2-2 Experiment Temperature and Power
Requirements Versus Capability

acceptability of the Power System interface.

Figure 3.3.2-2 gives experiment operating temperature range and average power
for the experiments listed in the referenced document. Also superimposed
on the chart is the capability of the Platform in terms of fluid temperature

versus power for each docking port.

A comparison of requirements versus capability shows that the platform
performance is within the acceptable operating range of the experiments.
Several very low power experiments exist which are outside the platform

range. It is believed that close scrutiny of these experiment requirements
will show that platform ...ommodation is adequate. If not, special provisions

such as a heater, recirculation. .:v .21 cirics can be used for these low

cooling loads.



Data listed for payloads Long Habitability Module (LHAB) and LS/LAB are
obviously atmospheric temperature limits. If humidity control requirements
of 40°F are included, it can be seen that the platform cooling temperatures
are 20°F too high. This lower temperature requirement would dictate a
supplemental radiator on the Platform or experiment modules or would require

a lower set point for the Power System thermal control subsystem.

The second major payload data source for the study was examined for temperature
control rvequirements. This source is "Strawman Payload Data for Science and
Applications Space Platforms, January 1980, SP80-MSFC-2403", by Teledyne

Brown Engineering. This data source did not reveal any payloads which

could not be accommodated by a 60 to 110°F temperature range.

3.3.2.3 Work Accomplished

A comparison was made of various heat rejection options which impact the
Power System thermal control interface. These options include heat rejection
by platform radiator concepts, Power System, pallet located radiators, and

combinations of these.

Figure 3.3.2-3 compares capability for these heat rejection options and
combinations. Also shown are the typical requirements for two port and four
port sustained operation assuming 5 kW cooling per port plus platform subsystem
loads. Pallet fixed radiator capability is not shown singly but amounts to

2.8 to 3 kW per pallet.

It can be seen that the pallets, Power System, or platform standoff radiators
cannot alone reject the required load for the four port requireﬁent. A
platform design which uses all non-deployable structural areas of cross arm

plus standoff has ample performance. However, this concept would require

102



Beta Angle 4 Pallets
0 Varistion + Power System
- Sustained Power
25 System Qutput
° /__ ~ Z 4 Port Sustained
¢ /
EE DF  Requirement N
g /" [N~ 2Pallets
‘~§ sk ‘! + Power System
Q ‘ - o] _Two Port Sustained
!
s b=
X)) i
PLATFORM  POWER  MATIORM PLATEORM PALLETS
SYANDOFP SYSTEM  CROSSARM CROSS MLATIORM «POWER
ARN ¢ STARDOFE SVSTEM
STANDORE ] «POWER
SVSTEM
SELECTED

Figure 3.3.2-3 Platform Heat Rejection Options
Performance Comparison

three separate radiators and controls and does not use Power System capability

which is available at little penalty.

Concepts using the Power System in conjunction with either pallets or platform
standoff radiators are adequate for most beta angle conditions. B8oth of

these approaches require a Power System interface which would use the entire
Power System capability. The choice using a platform radiator versus pallet

radiators is a subsystem trade described in detail in Section 4.

3.3.2.4 Conclusions and Comments
A review of payload temperature requirements shows that nearly a:l payloads
are satisfied by the Power System interface design of 60 to 110°F. Life

Science and manned payloads will require a 40°F supply temperature which
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will require a lower Power Module control temperature or a supplemental

radiator.

Several alternate heat rejection options were examined to determine tie
desirability of using the Power System for heat rejection. The stuay showed
that the more viable alternatives used the Power System capability in
conjunction with either pallet radiators or platform radiators. Therefoie,

an interface is required with the Power System thermal control subsystem.

3.3.3 Power System Communications and Data Management Interfaces

3.3.3.1 Overall Requirements Summary

The SASP system concept provides for communications between experiments and

the ground and between the SASP and the ground via the Power System, which
communicates with the ground via the Tracking and Data Relay Satellite System
(TDRSS). Bidirectional communication capability is required to allow commands
and data to be sent from the ground to the SASP and its payloads (forward link)
and to allow scientific and engineering data to be sent from SASP to the ground
(return link). Forward data and commands are in digital form, whereas return
link data may be digital or analog (including video). (Analog/video data may
require conversion to digital to minimize impact on Power System and TDRSS

communication links.)

In addition to these communications requirements, other data management
capabilities, including command decoding, SASP data processing, experiment

data processing, data storage, data multiplexing, and timing reference
generation and distribution are required. Implementation of these requirements
can be allocated to the Power System, the SASP, or the payloads in a variety

of ways.

Typical data characteristics for single payloads are shown in Figure 3.3.3-1.

A driving requirement is the return link peak data rate for payloads. The
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distribution of these data rates is shown in Fiqure 3.3.3-2. Manv pavloads
also require “continuous" return link data for purposes of rea time interactive
experiment control. Typical rates for this data is 50 Kbps or less per

payload.

ital Data Rate: <10 MBPS Peak (33% Payioads)
Olg SO MBS o Cae Payloads)

Video/Analog Data: < 500 kHz Analog
1 or 2 Channels Siow-Scan Tv
Fast-Scan TV . - Some Payloads

Acceptable Data

Delay: Some Data ( <50 KBPS) Real Time for
Interactive Control — Delays of
1 Orbit to Several Hours OK for Bulk
of Data

Uplink Commands
and Data: Low Rate (1 or 2 KBPS Peak)

Timing Reference
Requirement: 105 sec Accuracy

Figure 3.3.3-1 "Typical" Payload Data Characteristics

100,
90 |-
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20 |-

62 Payloads

Cumulalive Payload (%)

1] T ranwwl ocrowont oyt ovesd ool g |||||||i

102 10° 10¢ 108 10¢ 107 10° 10°
Bits per Second

Figure 3.3.3-2 Percent of Payloads Having Data
Rate < X Bits Per Second
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An important requirement of the communications system is that it be compatible
with the TDRSS. Figure 3.3.3-3 summarizes the TDRSS capability in various
operating modes and indicates that the appropriate mode for Power System/SASP
appears to be the use of one or more dedicated Multiple Access (MA) channel

plus a time-shared Single Access (SA) channel.

RETURN LINK
[ \ INTERACTIVE
CONTINUOUS =, FORWARDLINK  CONTROL
PEAK RATE  BITS/ORBIT RATE PEAK RATE CAPABILITY
SASP NEED 20x10%  10'0-10"? 50 - 200 » 103 102 103 YES
[ maonLY 02 103 25x10° 50 x 0% 10x 108 ves
#! TiME SHARED SA 303210 (33a10f)uTe - 300 x 103 OR NO
° %105
[
251109 310x10°0R
g [ma< e sarensa | sosare® Ot 60 n 10° 25 x 108 vEs
§ DEDICATED SA 03x10%  16ax10% 308 » 10° ”::‘::,oa VES
. . 12 006 x 10° 600 x 103 OR ves
| DEDICATED TORS® 008 » 169 .m0 (SMALLER % OF ORBIT) 50 x 108 {PART OF ORBIT)

®T = SA TIME PER ORBIT ALLOCATED TO SASP

**THE DATA RATES SHOWN FOR THE DEDICATED TORS OPTION
ASSUME THAT COMPATIBLE GROUND DATA FACILITIES ARE
AVAILABLE TO SASP DURING THE DATA DUMP TIME

Figure 3.3.3-3 TDRSS Utilization Options

3.3.3.2 Important Factors and Considerations

The communication data rate requirements for SASP are quite sensitive to the
payload selection and grouping. As shown by Figure 3.3.3-2 payload return
link data rates vary by orders of magnitude. It seems reasonable to expect
that early SASP payload groups can consist of lower rate payloads than will
the groups flown later. The Power System Communications and Data System
must be designed eventually to accommodate rates and 200-300 Mbps. However,
an initial capability to handle lower rates (on the order of 50 Mbps) may

be acceptable if the capability to grow is included.
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3.3.3.3 HWork Accomplished
The Communication and Data Management capabilities of the Reference 25 kW
Power System are summarized in Figure 3.3.3-4. These capabilities were
compared to the overall requirements that were generated for SASP. Two major
areas of concern were identified. The first concern is that the Reference
Power System does not provide for experiment data storage. The implied
operating mode of dumping experiment data in real-time is not consistent with
TORSS visibility and scheduling constraints. Other studies have indicated
that TDRSS SA channels will be overloaded in the 1985-1990 time period.
TDRSS scheduling opportunities for SASP can be improved by storing experiment
data on a high rate recorder. This preovides scheduling flexibility as well
as a capability to concentrate a given amount of data transmission into a
shorter TDRSS time slot.

Return Link Data Rate: 223 MBPS Total (KSA)

46 KBPS Total (MA)
100 MBPS Max Per Payload Port

Forward Link Data Rate: 300 KBPS (SSA)

10 KBPS (MA)
1 KBPS (Command Decoding)

Computational

Capability: Support to Payloads Limited to
Executive Level Control and
Monitoring

Multiplexing: 16 Channels
16 MBPS Max Per Channel
48 MBPS Total

Data Storage: Low Rate (Housekeeping) Data Only
109 Bits Capacity

Timing Reference: 2 Parts in 108 Per Day

Figure 3.3.3-4 REF Power System Data Capabflities
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The desired recording capability could be provided by the payloads, by the

SASP (for the Second Order Platform), or by the Power System. The recommended
approach is to provide experiment data recording capability in the Power

System equivalent to that provided by Spacelab and to supplement that capability

with additional recording equipment for the Second Order Platform.

The second concern identified is that multiple payloads may simultaneously
require a "continuous" return link capability of up to 50 Kbps. The

Reference Power System provides a maximum MA return link data rate of 46 Kbps.
The potential requirement (which may be as much as 200 Kbps continuous) can be
met by using a dedicated TDRSS SA channel. This approach would be an

inefficient use of an SA channe! that will be much in demand by other users.

An alternate is to use two or more of the TDRSS MA channels on a dedicated
basis. Figure 3.3.3-5 shows an approach to this that provides four (4)
separate data streams of 50 Kbps or less that would occupy four (4) TDRSS

MA channels. This approach, while apparently feasible, requires further
study and analysis to assure that mutual interference (channel-to-channel),
interference with other users, and Power System Effective Isotropic Radiated

Power (EIRP) issues are resolved.

3.3.3.4 Conclusions and Comments

The Reference 25 kW Power System provides the basic communication and data
management capabilities required to support the SASP and its payloads.

Figure 3.3.3-6 lists some suggested capability expansions that would improve
the overall utility of SASP to the payloads. The first two items on this

list suggest that the Power System should provide the capability,"or the
capability to grow to, 300 Mbps KSA rates equal to the maximum TDRSS capability.
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Figure 3.3.3-5 Approach to TDRSS MA Usage >50 Kbps
e Increase KSA Link Capacity to 300 MBPS
(TDRSS Max. Capacity)

e Increase Capacity at SASP Port to 300 MBPS
(TORSS Max. Capacity)

¢ Increase Continuous Channel Capacity to Approx

200 KBPS (For Improved Payload Interactive Control
Capability)

o Provide Storage for Scientific Data (For First
Order Platform)

Figure 3.3.3-6 Suggested Power System Capability Expansion
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This is based on expected payload data rate growth and on the expectation
that TDRSS SA channel time will be increasing in demand and that, consequently,

there will be a premium placed on the high data rates.

The third and fourth items on this 1ist were discussed previously.

3.3.4 Structural/Mechanical Systems Interfaces

A standard berthing latch should be used for Power System, Platform, and
pallets. Such a concept is being developed by MDAC under a LaRC/JSC

contract. Details are given below.

Power System - Berthing Latch Interface Requirements

o Object - Capture and structurally attach together two bodies in space;
one which is being maneuvered by the RMS; the other is fixed to the Orbiter.

e Contact Velocities - Closing 0.1 ft/sec lateral and forward

1 deg/sec pitch, roll and yaw

o Mismatch - Lateral six inches

Angular pitch, roll and yaw 15 deg.

e Clear Access - A clear access opening 1.0 meter diameter shall be provided

through the center of the Berthing Latch Interface Mechanism (BLIM),

o Envelope - The physical size 1imits of the passive half are defined by
Figure 3.3.4-1. The physical size 1imits of the active half are
defined by Figure 3.3.4-2.

o Loads - The BLIM shall be designed fov a thrust load in both directions
of 20,000 pounds and moments in pitch, roll, and yaw of 16,000 ft pounds.
These loads shall be applied both in the zapture mode and the rigidized mode.

110



l'_ 113,191
231N

t

.z.azs.sol

13.97 (REF) Yy
| l
| —el22.09)
189 —of LA | P,
3.68 IN ——e)
AREA FOR
1 BERTHING PORT
BOUNOED BY
L] 88.28R & 2, 325.69
/// ‘ & 45 IN LONG

Figure 3.3.4-1 Pallet Berthing Port Envelope Volume

ACTIVE HALF
SUPPORT .
SIRU!S ° coac»‘ a.lm
(m :g"m..) Developed by MDAC
SYSTEM OR SASP _ for JSC
BERTHING o Latch Capture Envelope
PAYLOAD BERTHING - 2 15° Pitch and Yaw
(an REQUIRE ) - - 26 In. Misalignment

Figure 3.3.4-2 Hexagonal Frame Berthing Latch
Interface (LaRC/JSC/LSST Study)

m



Alignment - After mating and rigidizing the active and passive halves
of the BLIM, the angular alignment in pitch, roll, and yaw of one half

relative to the other shall be within + 1,32 arc min.

Capture Latches - The capture latches shall be designed for simultaneous

operation, i.e., a single capture latch of a multiple array of latches
shall not provide a structural tie between the two halves of the BLIM

unti® all latches are engaged.

Umbilicals - The BLIM shall provide mounting provisions for two fixed
umbilical plates on the passive side of the mechanism and wo actuated

plates on the active side of the mechanism.

Active Ports- - Houses latching mechanism umbilicals, and requires power.
+ and -Y ports (for payload).

+Z port (for payload and temporary storage)

+X port (for trail arm payloads)

-X port (for propuls.on unit)

Passjve Ports - No power required.

-Z port (The Orbiter houses latching mechanisms and provides power.)
The PS shall provide two offset 0 + 90° gimbals that rotate about both
the Orbiter and PS docking port centerlines. These offset gimbals
provide RMS acces- to the Propulsion Module and the +Y Docking Port.

Control and Feedback - The mecharism shall contain switches to operate

indicator circuits within the Orbiter control station. These civcuits
shall indicate the status of the BLIM for actions such as:

¢ Ready to berth

e Capture complete

® Structure latches secure
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o Redundancy - A1l drive mechanisms and latches shall incorporate
redundant power sources arranged so that any single failure will still

allow operation of the other.

e Manual Override - A1l drive mechanisms ~hall permit them to be manually

operated by an EVA astronaut in the event of failure of the power sources,

o Operating Power - The active half of the BLIM shall operate using 28-33

volt DC electrical power. The peak electrical power for operation shall
not exceed 1000 watts. The steady state electrical power either mated

or unmated shall be zero watts.

3.3.4.1 Work Accomplished

The berthing port illustrated in Figure 3.3.4-3 is similar to the concept being
developed by MDAC for JSC. The goal was to have all of the berthing ports
interchangeable. The envelope of the berthing latches were determined by

the pallet-to-Orbiter clearance and pallet-to-SASP relationship. The capture
envelope was the result of all the various berthing and docking system

criteria now in use and the limitation of the RMS. It is planned to have

shock absorbing features on the Orbiter to Power System and SASP interfaces

to reduce the berthing shock loads. The pallet to SASP or Power System
interface probably will not require shock attenuation devices, since the RMS

is relatively flexible and has its torque limitations. The elertrical and
coolant umbilical will be on separate latching devices. The system is designed

to capture and berth any payload within +15° pitch and yaw and +6" misalignment.

We are presently designing a prototype mockup berthing latching system under
contract wiin LaRC/JSC/LSST and will have simulation testing utilizing the
RMS simulator and air bearing floor. We should accumulate important data

for the design of the future berthing ports.
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BERTHING
PORT

Figure 3.3.4-3 Power System Mechanical System Interfaces

3.3.4.2 Conclusions and Comments

The berthing ports on the Power System were made active except for the Orbiter
berthing port wnich is passive. An active poi't is one where the latching
mechanism is located and has power, data, and coolant. The passive port is
the inert side winich does not have power until the umbilicals are matched.

The Orbiter berthing port was made passive, since the active side is on the
Orbiter which is used for other applications than berthing to the Power
System. The active half was located on the remainder of the berthing ports
because the experiments and propulsion system and other equipment berthing

to these ports are inert and do not have power.
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Section 4
SUBSYSTEM TRADES AND ANALYSIS

(Task 4)

Table 4-1 lists the major Platform subsystem trades performed duri:, the study.
This section presents these trades and analyses which led to the selection
of design approaches for the Platform. See Section 10, Conclusions and

Recommendations, for a summary list of trades and results.

4.1 STRUCTURES AND MATERIALS TRADES
This subsection contains the trade studies conducted for selecting the optimum
structures and material concept for the SASP. The following work was

' accomplished in this task.

® Structurai module optimization completed:

five fixed truss configurations evaluated

two deployable truss configurations evaluated

truss stiffness and complexity factors determined

truss cont.gurations selected for fixed and deployable. trusses
e Material selection trade completed:

- aluminum, titanium, and graphite/epoxy evaluated

- factors considered include, radiation resistance, coefficient of
thermal expansion stability, thermal distortion characteristics,
specific stiffness, elevated temperature resistance, dimensional

accuracy, and manufacturing complexity.
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The following conclusions resulted from this task:

1. Truss configuration 1B-A is optimum for deployable truss and 1B for
fixed truss.
2. Aluminum, titanium, and graphite/epoxy were evaluated for the structural

material and graphite/epoxy was selected.

Subsection 4.1.1 summarizes the design parameters and requivements. Subsection
4.1.2 presents the structural module optimization analysis. Five fixed truss
and two deployable truss structural module configurations were evaluated.

The fixed truss concepts have all members fixed relative to one another while
the deployable trusses can be folded or compacted for launch and then deployed
on orbit. Subsection 4.1.3 contains the material selection trade study

conducted for aluminum, titanium, and graphite/epoxy.

4.1.1 Design Parameters and Requirements

Figure 4.1-1 summarizes the SASP structures and materials design parameters
and requirements. As it can be seen from this figure, the SASP structure
should have a life of 10 years, minimum distortion (relatively high accuracy

and stability), and require existing structures technology.

4.1.2 Structural Module Optimization

In order to select the structural concept that provides the required stiffness
(minimum structural frequency = .1 Hz, see Section 5.4.1) with minimum

complexity, a structural module optimization study was conducted. The study
considered five fixed and two deployable truss module configurations as shown

in Figure 4.1.2-1. The module configurations were rated for absolute

stiffness, specific stiffness (stiffness per unit weight), stiffness to complexity

6

ratio, and absolute complexity. Graphite/epoxy with a modulus of E=20x10" psi
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Figure 4.1-1 SASP Design Parameters and Requirements
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Figure 4.1.2-1 Fixed ond Deployable Truss Structural Modules Evaluated

was assumed as the material. Other materials were not considered here since
the main objective was to determine the relative overall geometric complexity

and stiffness of the candidate structural modules.

4.1.2.1 Fixed Truss Property Summary

The fixed truss structural module basic dimensions, weight, complexity factor
(NIM), effective axial area (AEFF), effective shear stiffness moment of inertia
(ISEFF). cffective bending stiffness moment of inertia (IBEFF). and effective
torsional stiffness temm (GJEFF) are summarized in Figure 4.1.2-2. These

terms are determined by the method given in Reference 4.1,
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Figure 4.1.2-2 Structural Hodule Property Summary (Fixed Truss)

The first bending and torsicnal natural frequencies of the platform arms {can-
tilever beams) are also summarized. These natural frequencies are conservatively
based upon the effective shear stiffness moment of inertia term (ISEFF)’ an
arm length of 54 feet (16.5 m), a discrete weight of 43,764 1b (19,848 Kq)
and neglect the arm distributed weight. A review of the candidate platform

loadings indicates this to be a worse case condition. It is seen that all

frequencies satisfy the requirement of f >.1 Hz.

4.1.2.2 Deployable Truss Complexity Factor Determination

Two deployable truss module configurations were evaluated for their complexity
and a complexity factor was developed for each. Configuration Il was evaluated
since it represents MDAC's scaled down version of the MSFC deployable arm
concept. Configuration (IB) was selected based upon the results obtained in
the fixed truss analysis. Due to geometry constraints of folding the longerons
and staying within the overall cross-sectional envelope, the (IB) module length
had to be shortened for the deployable case. Hence, this module was identified
as (IB-A). As seen on Figure 4.1.2-5, it will take 1-1/2 (1B-A) modules to

cover the same length as a configuration (II) module.
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Figure 4.1.2-3 Deployable Truss Structural Module
Complexity Factor Determination
The complexity factor for the modules was defined as the sum of the number of
moving joints (NMJ) and the number of intersecting fixed members (NIFM). In
the case of the (IB-A) module the number of moving joints consists of 42
rotating joints plus 12 sliding joints. In the case of the (II) module, all

43 moving joints rotate.
The module (IB-A) complexity is 72 and the module (II) complexity factor is 138,

4.1.2.3 Deployable Truss Stiffness/Complexity Rating Evaluation

The detailed stiffness/complexity total rating evaluations for the deployable

truss candidate modules are summarized on Figure 4.1.2-4. These ratings were

developed in the same manner and with respect to the same rating scale as for

the fixed truss modules. Hence, since the deployable trusses are more complex
than the fixed trusses, their total rating numbers are lower. It is seen that

module (IB-A) has a better total rating than module (II).

4.1.2.4 Fixed Truss Optimization Summary
Detailed evaluation of absolute stiffness, specific stiffness and stiffness/

complexity are given in Reference 4.1.
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Figure 4.1.2-4 Deployable Truss Structural Module
Stiffness/Complexity Rating Evaluation

Figure 4.1.2-5 summarizes the fixed truss absolute stiffness, specific stiffness
and stiffness/complexity ratings of the five candidate module configurations.
It is seen that module (IIIA) has the best absolute stiffness total rating
while module (IA) has the best specific stiffness and stiffness/complexity
total rating. On this basis, configuration (IA) could be considered the
optimum structural module configuration. However, even though module (IB)
has the lowest absolute and specific stiffness total ratings, preliminary con-
servative calculations show that the stiffness provided is sufficient to
satisfy the f > .1 Hz requirement for the SASPPlatform. This consideration,
combined with configuration (IB)'s second best rating on a stiffness to
complexity basis and the fact that configuration (IB) is least complex having
half or fewer intersecting joints, resulted in the selection of configuration
(IB) as the optimum structural model configuration for the SASP structure. In
the 2nd order extended configuration, the fixed truss structure is applicable
to the standoff arm between the Power Module and Platform Support Module and the

crossarm structure from the pivot outboard to the first experiment port.
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Figure 4.1.2-5 Fixed Truss Structural Module
Optimization Summary

4,1.2.5 Deployable Truss Optimization Summary

The stiffness/complexity total ratings for the deployable truss candidate
modules are summarized on Figure 4.1.2-6. It is seen that module (1B-A)

has a better total rating than module (II). Since the stiffness of module
(IB-A) is sufficient to meet the natural frequency requirement of fn > .1 Hz,
this module is chosen as the deployable module concept for the SASP structure.
The deployable IB-A Module applies to the 2nd Order Extended SASP cross-am

structure outboard of the two inboard experiment ports.
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Figure 4.1.2-6 Deployable Truss Structural Module
Optimization Summary

4.1.3 Material Selection Trade

It is well established that aluminum and titanium have excellent radiation
resistance and coefficient of expansion (CTE) stability. Since this is not
the case for graphite/epoxy, and so a preliminary evaluation of these factors

was conducted for this material.

4,1.3.1 C[ffect of Natural Trapped Radiat*:n on Graphite/Epoxy Structural roperties
Figure 4.1.3-1a presents the natural trapped proton radiation environment

for a 435 km circular orbit. The data are based on the solar minimum model
(AE-5 1975 projected) with an epoch of 1975 given in Reference 4-2. Electron
fluence (electrons/cmz/day) for electron energy levels greater than E is
plotted against electron energy level E for the noted orbital inclinations.
Figure 4.1.3-1b presents the natural trapped proton radiation environment for
a 435 km circular orbit. The data are based for the most part on the solar
minimum period of 1964 and, therefore, this model is designated as APSMIN,
epoch 1964. The data are extracted from Reference 4.3. Proton fluence
(protons/cmzlday) for proton energy levels greater than E is plotted against

proton energy level E for the noted orbital inclination angles.
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(a)
Trapped
Electrons

(b)

Trapped
Protons

Figures 4.1.3-1a & 4.1.3-1b SASP Natural Radiation Environment
(Integral Fluence/Day)

Using the trapped electron and proton radiation environments presented
above, the radiation dose to the SASP structure was computed using the MDAC
CHARGE computer program for a SASP graphite/epoxy strut with a typical wall
thickness of .125 in. The calculations were performed for an orbital inclination of
97°. The combined electron and proton dose computed for the 97° inclination
is representative of the combined electron and proton dose at an inclination
of 56° and is conservative for the 28.5° inclination. The computed dose

profile is shown on the left side of Figure 4.1.3-1c.
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Figure 4.1.3-1c Effect of Radiation on Graphite/Epoxy Properties

Also shown on the right side of Figure 4.1.3-1c are test results obtained from
References 4.4, 4.5, and 4.6. The test data are applicable io test specimens
with the noted thicknesses, materials, and electron and proton fluences. The
MDAC CHARGE program was used to compute the radiation dose to these specimens

and the specimen dose profiles in rads are also shown on the figure.

A preliminary conclusion from this analysis indicates that the graphite/epoxy
material properties should not be degraded by the trapped electron and proton

eivironment over the 10 year life of the Piatform.

4.1.3.2 Coefficient of Thermal Expansion (CTE) Stability of Graphite/Epoxy
It is well known that some graphite/epoxy laminates, initially designed for
nominally zero CTE, deviate from the initial CTE value when subjected to
thermal cycling. The magnitude of the change in CTE, if any, depends upon

several factors including resin and fiber materials used, resin cure temperature,
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laminate lay-up, thermal excusion range ( AT) and minimum temperatu.-e
experienced. The variation in the CTE, if any, is due to micro-cracking of
the resin due to translaminar stress relief (TSR) [Reference (4.7)], winich is
initiated at a critical low temperature 1imit. The data in Reference (4.7)
indicates that TSR does not occur for certain composites such as HY-E 1530
down to -150°F. More complex laminate systems have lower critical limits
dcwn to -320°F.

For 10 years in low earth orbit 56,500 thermal cycles will be experienced.
The maximum temperature extremes expected for a SASP graphite/epoxy strut are
shown on Figures 5.4.3-1 and 5.4.3-3. The actual environment will consist of
a complex combination of lesser conditions up to the temperature extremes
shown. Since the minimum predicted SASP structural temperature of -127°F

is above the critical lower limit of -150°F, it can be concluded that the SASP
nominally zero CTE structure will be dimensionally stable for the low earth

orbit environment.

4.1.3.3 Cross Arm Structural Distortion Estimates

A preliminary estinate of the platform arm thermal distortion was made for

«rms constructed of graphite/epoxy, titanium, and aluminum. The assumed arm
geometry and distortion results are on Figure 4.1.3-3. The calculation assumes
a aT = 100°F between upper and lower longerons and the modulus of elasticity
(E) and coefficient of tnermal expansion (CTE) used in the computations

are listed fur the three candidate materials.

It can be seen that with a graphite/epoxy structure, thermal distortions are
more than two orders of magnitude less than for an aluminum structure. The
maximum rotation at station 2 for an aluminum structure is slightly more than

a degree. These distortions are to be considered as reference information only

since they are based upon an idealization of the expected real thermal gradient

127



o 16.5m (54 FT) {
/-.-——— 0.6 (34 FT) 3 /T' 2
V/ ———— .
12m | 4 ek S !
| // — :\A-g 3 _i—a,
12m \t ~ J 1

AT",-T:“W‘

PROPERTY STATION 1 STATION 2
£x10-6 ax1c®
MATERIAL S INJIN.F by (IN) 6y (i) Sy (IN) | og @)
GR/EP 20 0.0 0.018 117 ] 0.044 283
TITANIUN 13 5 080 | 890 22 1.415
ALUMINUM 10 19 234 23 .72 1679

Figure 4.1.3-3 Preliminary Estimate of Cross Arm Therma: Jistortion

patterns and an ascumed reference aT = 100°F. A more detailed thermal
evaluation is required to predict the actual thermal distortionc but the data
shown are considered to be indicative of the relative thermal distortion

characteristics of the three materials shown.

4.1.3.4 Material Selection Summary

Figure 4.1.3-4 summarizes the factors considered in the evaluation of the three
candidate materials; (1) graphite/epoxy, (2) aluminum, and (3) titanium.
Graphite/eoxy with nominally zero CTE (0 + .1 x 1076 in/in/°F) was selected

as the optimum material because of its minimal thermal distortion characteristics,
outstanding specific stiffness at room and elevated temperature, excollent
dimensional accuracy and acceptable CTF stability, and radiation ,esistance
determinad from analysis. Although the complexity of manufacturing is

considered greatest for grophite/epoxy, the technological data base is

significant and no major obstacles are expected.
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Aluminum|] Titanlum

Property 6061-T6 | GA14V

Stifiness/Weight (E/P)] 300 x 106 100 x 106 | 100 x 106

(CTE)

Coelficient of Thermal
Expansion

anNin/°F)

Elevated Tempentu:
0.93

0:01x10-6| 13x106] sx10-6

Resistance
(% E At 350°F)

Radiation Res!stance Acceptable | Excellent | Exceflent

Dimenslonal Accuracy Excellent Exceller Excellent

CTE Stabllity Acceptable | Excellent | Excellent
Manufaciuring

Complexity 3 1 2

{1 = Best)

Fiqure 4.1.3-4 Structural Material Selection

4.2 ATTITUDE CONTROL SUBSYSTEM

A high level summary of the trades and analyses effort for the ACS is presented
in Figure 4.2-1 and is reported on in this section. Thase trades and analyses
relate to the dynamics considerations presented in Section 2.4 on Configuration

Drivers.

4.2.1 Requirements Summary

The SASP attitude control requirements include ~xper:ment pointing and main-
tenance of a Tow-g environment. A capability to accommodate simultaneous
multiple payload viewing is highly desirable. The pointing requirement includes
initialization for target acquisition fur payloads with their own pointing
systems and continuous pointing during experiment operation fer pointing
payloads without their own pointing systems. The SASP must maintain some

level of pointing performance during payload operations even for payloads

with their own pointing system because the payload pointing systems have a
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Figure 4.2-1 SASP Attitude Control Subsystem

finite capability to isolate the payload from the SASP. The payload pointing

requirements (Figures 2.1.5-1, 4.2.1-1, 4.2.1-2) range from none to 0.1 arc

sec accuracy and 0.005 arc sec stability. The most stringent pointing

requirements cannot reasonably be met with a structure as large as the PS/SASP

vehicle and auxiliary payload pointing systems are required. The SASP

pointing performance related requirements will ultimately be defined by

the performance of auxiliary pointing systems.

4.2.2 [Important Factors and Considerations

The ACS de~ign is highly influenced by the presence of the Power System.

is because control is »rovided by the PS for the SASP/PS confiquration.

This

The

adequacy ot PS capability and possible options for SASP improvement are key

jcsues. Gravity aradient, aerodynamic, and other external disturbances

must be considered. Disturbances generated by both SASP elements and the PS

can also cause siqnificant perturbations. Structural shape in terms of the

moment of inertia dyadic and the range of deviation between the principal
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and geometric axes are important factors. As stated above, the ability of
the Platform to accommodate fine pointing experiments depends on the capability

of experiment pointing systems to operate in the SASP dynamic environment.

4.2.3 MWork Accomplished

Attitude control related areas addressed during this study included:

¢ Payload requirements

e SASP attitude control options

o Disturbance identifications

e Aero and gravity gradient disturbances (momentum management)
e Structural dynamic modeling

e Auxiliary pointing system modeling

o Thermal-structural dynamics interactions

® Acceleration and pointing performance at the payload

These areas are reported on in detail in the paragraphs below.

4.2.4 Conclusions and Comments

Power System ACS will be employed to control the SASP/PS configuration. It
appears that more magnetic torquers should be added to either SASP or the PS.
Rotating arms (+180°) will provide custom pointing. Fine pointing will
require experiment pointing systems; these will also produce greater potential
FOV capability and resolve many conflicting pointing requirements for
payloads on the same arm. Very fine pointing requirements will necessitate
experiments employing image motion compensation techniques. The addition of
relative alignment sensors and/or SASP mounted attitude sensors ooks
promising. SASP will make use of the ability of the PS computer to improve
its attitude knowledge by using attitude data from experiments ;- ~ Yy

accurate pointing systems.
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4.2.5 ACS Approach Considerations
Several SASP ACS option, are shown in Figure 4.2.5-1 along with their
advantages and disadvantages. Comments relative to the current ACS approach

are included.

Actively controlled SASP includes the range of possibilities from distributed
actuators and sensors and active isolatior and pointing of individuval parts
of the SASP to relatively simple servoed joints that are currently included
(+180 deg capability). The current approach has been termed “semi-active"
because of the arm rotation capability. The inclusion of auxiliary pointing
systems to augment SASP pointing capability is a type of multi-sensor,

multi-actuator active control from a payload viewpoint.

OPTIONS ADVANTAGES DISADVANTAGES CURRENT APPROACH
ACTIVELY CONTROLLED e OPTIMAL PAYLOAD ° msx HARDWARE AND SEMIACTIVE CONTROL
SASP (STRUCTURAL MOUNTING BASE ARE SASP ARMS MOUNT
REFORMATION AND © MINIMIZES AUXILIARY # MULTIPLE SENSORS AND * SE ;ws coﬁ',‘.mu‘g oN

GENERAL POINTING)

RELATIVE ALIGNMENT
SENSING

AUXILIARY POINTING
SYSTEMS

PS/SASP USE OF PAYLOAD
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INTERNAL INSTRUMENT
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SASP
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Relative alignment sensors can improve attitude reference knowledge at the
payload by measuring the structural distortion/misalignment between the
payload and attitude reference (currently on the PS). Better attitude
reference at the payload is valuable since elimination of experiment pointing
system (EPS) for some payloads may be possible and better initial pointing

for all payloads is accomplished. The need for relative alignment sensing

has not been currently defined.

The use of EPS's is required for payloads which must reorient quickly, view
a wide variety of directions, and/or require pointing accuracy/stability
greater than that of the PS/SASP structure. Internal instrument image
motion compensation will improve pointing performance over that provided by

EPS's.

The use of payload attitude sensors will be implemented. This improves the
pointing accuracy at the payload by using sensor data from other payloads

on the SASP. The pointing accuracy throughout the SASP may be improved
significantly over the two degrees uncertainty associated with the Reference
PS since the SASP misalignments/distortions are small relative to the two

degrees.

The PS control of a completely passive SASP is unrealistic based ~n the
payload requirenents and the PS will provide only basic relatively coarse

pointing and orientation control.
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4.2.6 Disturbances and Momentum Management

Figure 4.2.6-1 defines some of the dynamic disturbances which effect payloads.
High frequency disturbances due to rotating machinery such as CMG's and fluid
pumps are expected to be small amplitude but may be significant to payloads
with very tight pointing stability requirements. Thermal distortions can
occur relatively quickly on truss structures when changing from sun to shadow.
Platform rotating joint disturbances can be minimized by designing and rotating
joint servo to minimize angular accelerations when starting and stopping.
Similar designs for the PS solar array drive may be required. The PS CMG's
compensate for low frequency disturbances such as gravity gradient and aero-
dynamics moments. Payload slewing can cause whole system rotations of 0.1 to
0.2 degree (discussed below). Extreme disturbances such as large PS/Platform
maneuvers, orbit keeping operations, or Orbiter docking may require suspension

of experiment operations.

WHAT IMPACT DOES THE SASP
DYNAMIC ENVIRONMENT HAVE
ON INDIVIDUAL EXPERIMENTS?

EXPERWAENTS
* SLEWING
» ROTATING
MECHANISMS
* VENTING
e TFORM
?gmvnwcumcm TORQUES tﬁsgf: :ﬁ;‘i& ROTATH :Ln% FORM . T
. Aoocmoukumc MOMENTS o ANTENNA MOVEMENT © ARM ROTATION AT
b ra Ty RATIONS o ATTITUDE MANEUVERS FOUR DEG PER MIN
o QRBITER QPE o CNMG'S » FLVID PUMPS
= IMRUSTERS o ORBIT KEEPING ACCELERATION * THERMAL DISTORTION

- CRew © THERMAL DISTORTION
e FLUID PUMPS

Figure 4.2.6-! SASP Dynamic Environment
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The gravity gradient and aerodynamic moment disturbances for the typical free
flyer configuration shown on Figure 4.2.6-2 (with the assumptions defined)
were computed to evaluate PS CMG momentum storage requirements for a specific
example. The offset configuration was chosen because it provided a principal
axes misalignment about the Z-axis. A principal axis misalignment about the

Y-axis results from the PS radiator offset. The payloads were assumed to ha.e

projected areas corresponding to 1 and 2 Spacelab pallets for the aerodynamic
moment computations. The S-175 solar flux parameter represents a high solar
activity resulting in a nigh atmospheric density and large aerodynamic moments.
Diurnal bulge affects were included in the atmosphere model which contributes
to aerodynamic momentum buildup about all three axes. A time history of
moments and moment impulses (momentum) was generated for the X-POP, Y-PSL

geometrical axes orientation. The gravity gradient bias resulted in a

ASSUMPTIONS

0436km ALTITUDE

© 1991 ATMOSPHERE (S=175)

©ORBIT BETA ANGLE OF 30 DEG

® X.POP, Y-PSL INERTIAL ORIENTATION

GEOMETRIC
AX'

Figure 4.2.6-2 Gravity Gradient and Aerodisturbance Model
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momentum buildup of 3590 Newton-meter-sec per orbit. The aerodynamic momentum
bias was 796 Newton-meter per orbit, which subtracted somewhat from the gravity
gradient bias, and the net momentum bias vector magnitude was 2840 Newton-meter-
sec per orbit. The Reference PS has a CMG momentum storage capability of

18,800 Newton-meter-sec peak-to-peak so tha’. a maximum of 6 orbits are possible
before a CMG desaturation operation is required if the PS magnetic torquers are
not used. The orientation hold duration can be improved to about 9 orbits

by using the PS magnetic torquers (900 Newton-meter per orbit). Adding an
additional 4 Space Telescope magnetic torquers would increase the X-POP,

Y-PSL geometric axis orientation hold time to about 17 orbits or approximately

one day.

By reorienting about the Y-axis 2.3 deg and the Z-axis 1.7 deg and sinusoidally
reorienting about the X-axis at double orbit frequency with an amplitude of

1 deg every 16 orbits, the approximate X-POP, Y-PSL orientation can be held
indefinitely. If the magnetic torquers are used, the reorientation angles can
be reduced and the X-axis maneuver eliminated (for sufficiently large orbit
inzlinations). The X-axis maneuver is required by the aerodynamic torques
(small in this example) and cannot be offset by gravity gradient torques since
no gravity gradient bias torque is available perpendicular to the orbit plane

(vehicle X-axis).

Figure 4.2.6-3 shows the A-10 payload configuration and the associated mass
properties and principal axes misalignments (Z-Y-X-axes Euler rotation, body
to principal axes). The largest misalignment is about the Z-axis with
relatively small misalignments about the X- and Y-axes. For the Z-LV, Y-POP
orientation, the gravity gradient disturbance torques can be eliminated by

skewing the orientation about the X- and Y-axes about 1.2 and 0.9 degrees,
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respectively. No skewing about the Z-axis is required since it is local
vertical. Skewing about the Y-axis is all that is required to eliminate

the bias gravity gradient momentum bias buildup. Even though the Y-principal
axis misalignment is small, the PS CMG's must be desaturated after only four
orbits (eight orbits if the peak-to-peak CMG capability is assumed). The Y-axis
momentum buildup with no orientation skewing is about Newton-meter-sec per
orbit perpendicular to the orbit plane. This is more than is possible to

remove with eight Space Telescope magnetic torquers, particularly at low orbit
inclinations where the available magnetic moment is low, perpendicular to the

orbit plane. Therefore, at least Y-axis skewing would be desirable.

Mass 42300 KG
CG X 728m
Y 178Mm
Z 046 M

Principal Moment of Inertials
X 9.2 x 106 KG-M2
Y 4.5 x 106 KG-M2
Z 13 x 106 KG-M2

Principal Axes Misaiignment
®»Z -15 Deg
DY 0.6 Deg
®X 1.4 Deg

Z-LV,Y-POP Orientation
* No Skewing Required About Z-Axis
¢ Skew = 1.2 Deg About X-Axis for No Inertially Cyclic
- Gravity Gradient Torques
® Skew > 0.9 Deg About Y-Axis for No Bias Gravity Gradient Torque
* No Skewing Requires PS CMG Desaturation Every 4 Orbits (Excluding Aero)

figure 4.2.6-3 A-10 Control Considerations
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The feasibility of skewed orientations or orientations requiring periodic
CMG desaturation operations depends on multiple payload accommodation

requirements which are not available at this writing.

Typical maneuver disturbances result from vehicle reorientation, pointing
system payload reorientation and pointing system raster scanning. The
torque histories used to effect these maneuvers can be designed to minimize
the structural responses. Torque histories with "sharp corners" excite
higher frequency vibrations. Smoother torque histories can reduce response
at higher frequencies. For example, this can be done by implementing a

raster scan as a spiral motion rather than a square or rectangular motion.

Lower frcquency responses can be minimized by designing raster scan or
maneuver periods to be long relative to flexible structure periods of
vibration. This may not be too cor<training since structural vibration
periods are expected to be less than 10 sec (0.1 Hz) except for the solar
array. Smaller torque magnitudes are consistant with longer maneuver periods

and this reduces the disturbance effects.

Optimal maneuver torque histories can be defined which effectively limit
energy input to the structure near given frequencies and thus desired
structural modes can be restrained from being excited. The more complex
the torquing history the more modes that can be accommodated with minimal
response. This concept applies directly to reorientation maneuvers, but
does not appear to be as applicable to a rastering situation where a basic

raster trajectory periodicity may be desirable.

Figure 4.2.6-4 depicts torque histories which result in a rigid body reorientation

(i.e., at the end of the maneuver, the rate and acceleration are zero but

139



the attitude has channed). The square wave approach is a minimum time approach
for a given torque magnitude, but the quick change in acceleration (high

jerk) can excite vibrations with frequencies above the square-wave fundamentai
frequency. The (1-cos «t)/2 function smooths the corners to reduce the high
frequency excitation, but the fundamental frequency is relatively unchanged.
The torque optimized to the structure shows an approach which sums cosines

at various frequencies which result in minimum energy input to harmonic
oscillations at desired frequencies. The starting and stcoping jerk of

this ~xample would excite high frequency oscillations however. Further work

on shaped torque techniques is required.

Previous Analyses Future Analyses Will
Use Step Functions Use Smoothed and
Shaped Torque Functions

Mane-
uver Maneuver J\‘ 2121 - COS WT)
Torque Time Torque \_/ Time

* Migh Frequency Excitation
* Minimum Torque-Amplitude/
Maneuver Time Product

Maneuver Torque Variables Torque Time

e Magnitude
e Shape
,  Time Period

\/

Figure 4.2.6-4 Maneuver Torque Time Histories
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4.2.7 SASP Momentum Dump Options

Several approaches to PS CMG momentum dumping are shown in Figure 4.2.7-1.

A1l are possible with the Reference PS capability with the exception of a
possible requirement for additional magnetic torquers. The additional
magnetic torquers could be mounted on the PS or SASP. The requirement for
magnetic torquers could be mounted on the PS or SASP. The requirement for
magnetic torquing capability and momentum storage capability will ultimately
depend on the orientations flown and the sensitivity of the payloads to
variations about the basic orientations. Long orientation-hold durations with
no variation from the orientation leads to large momentum sto age requirements
»and/or large magnetic torquing capability requirements. Detail orientation
requirements are needed to define CMG rvmentum storage requirements and

momentum dump procedures.

Option Comment
¢ Reference PS Magnetic Torquing e Can Operate Continuously but Only
System Limited Capability (~900 N-M-S per
Orbit)
* Magnetic Field Contamination Must
Be Considered
¢ Addition of a SASP Magnetic ¢ Detailed Orientation Requirements
Torquing System for Added Needed to Identify Requirement
PSISASP Capability
¢ Orientation Selection to ¢ includes Limiting Available
Minimize Momentum Buildup Orientations and Using Skewed
Orientations
* May Impact Payload Viewing
» Pgriodic Maneuvers to ¢ Maneuver May Disrupt Payload
Advantageous Orientations Operations

¢ Frequency Depends on Orientation

' and Corfiguration

¢ Continuous Maneuvering * May Impact Payload Operations
e Maneuvers Normally Small
¢ Momentum Feedback for ¢ Can Operate Indefinitely
Onboard Orientation * Results in Skewed and/or Continuously
Commanding Maneuvering Orientations

Figure 4.2.7-1 PS CMG Momentum Dump Options
(Selection is Dependent on Orientationand Payload Sensitivity)
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4.2.8 Dynamics Analysis

Early dynamics analysis effort consisted of generatinc a simplified bending
model of the PS/SASP crossaﬁm configuration. Later in the study a higher
fidelity NASTRAN dynamic model was generated. A rigid body model of the AGS
(Annular Suspension Pointing System Gimbal System) was used to define the
payload line-of-sight motion to linear-acceleration-at-the-gimbal transfer
function. This transfer function was used to estimate LOS (1ine-of-sight)
disturbance for the AGS mounted on a flexible SASP and disturbed vy another

AGS performing a slew maneuver.

Figure 4.2.8-1 was uzed to choose a controller bandwidth. Figure 4.2.8-2
applies to inertial hold orientations and rotations about the axis perpendicular
to the orbit plane (the 1 axis). The solid curves define maximum vehicle
attitude error due to gravity gradient disturbances versus PS attitude control

system bandwidth (attitude feedback) for several different vehicle moment

of inertia configuration factors (k). Typical disturbance frequencies are
noted along with a realistic control system bandwidth region. The rule of
thumb control system design criteria of disturbance frequencies, controller
bandwidth and structural frequencies all being separated by factors of ten
are applicable except for the relatively low solar array flexible frequencies
derived from previous studies (PEP, 25 kW, PS, OSM). The moment of inertia
cf the solar array is not small compared to the vhole vehicle and a 0.01 Hz
controller bandwidth may result in low damping at the solar array frequency.
The dynamic model bending frequency range (based on the NASTRAN model) is

noted and is a factor of 10 above the 0.1 Hz maximum controllier bandwidth.
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For example, the maximum gravity-gradient-induced attitude error for a worse
case configuration (K=1) is 1.4 arc min for a controller bandwidth of 0.01
Hz. This corresponds to platform pointing stability and could be improved
(a factor of two or more) by using integral or attitude feedback in the PS

attitude control subsystem (ACS).

A simplified flexible dynamics model of the platform configuration shown in
Figure 4.2.8-2 was used for computer analysis of bending and torsion modal
frequencies and mode shapes. The platform truss structure was modeled as a
beam (module configuration 1-B) and the PS was considered rigid. Each solar
array wing was considered a cantilevered massless beam with a point mass
attached at the outer end. A solar array cant.liver (from the PS) frequency
of 0.02 Hz was assumed. The PS was connected to inertial space with a
rotational spring representing the control system with a 0.01 Hz bandwidth.
The gimballed payloads were assumed to have no rotational inertia (except
for simelated pallets) which represents the isolation capability of the
aunitiary pointing system. The simplified banding model had a total of 32
degrees-of freedom; the torsion model o degrees-of-freedom. The length of
the standoff structure between the PS and the crossarms was increased
subsequent to generation of the simplified model which lowered frequencies
somewhat. The NASTRAN model (discussed elsewhere) modeled the longer offset

structure.

Figure 2.7.2-3 contains the results of the computer analysis of the simplified
SASP dynamic model. These are discussed in Section 2.7. Fiqure 2.7.3-2
depicts the mechanics of auxiliary pointing system (APS) line-of-siaht (LOS)
disturbance. The disturbance input is linear acceleration of the gimbal

perpendicular to the LOS. Other motions cause only second-order disturbance
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effects (such as gimbal friction) at lower frequencies. Pointing system and
payload flexibility can become significant at higher frequencies but were
not modeled here. The gimbal acceleration (A, LOS) is measured by a base-
mounted accelerometer and the signal to the gimbal torquer.to cancel the
mechanically induced disturbance torque. Accelerometer measurement error
(due to accelerometer bandwidth, scal factor, bias, resolution, sample
frequency and mounting location) and similar gimbal torquer errors as well
as mass properties prediction errors (i.e., error in estimating KTD). result
in less than 100 percent of the mechanical disturbance being cancelled by
the accelerometer feedforward s gnal. Therefore, the disturbance to the LOS
due to an acceleration disturbance is not zero, though it is small for certain

frequencies.

Acceleration disturbances perpendicular to the LOS result from rigid body
motion and from flexible dynamic motions. The figures on the right of
Figure 2.7.3-2 show how SASP bending and torsion motions generate acceleration

and LOS disturbance inputs to the APS.

The model shown on Figure 4.2.8-3 was used to estimate the isolation capability
of an auxiliary pointing system. The accelerometer was assumed to have a
20 Hz bandwidth, damped at 40 percent of critical. The payload assumed was

the SIRTF. The controlier gains assumed were:

K] = 1 (non-dimensional)
Kg = 16 sec”! 1 Hz bandwidth
Kp = 64 sec?

and were supplied by Sperry as typical for the Annular Suspension Pointing
System Gimbal System (AGS). JEQ and JEQ are the gimballed moment-of-inertia
value and estimate, respectively. And similarly for KTD and KTD' the
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Figure 4.2.8-3 AGS* Distuvbance and Controller Model

gimballed mass moment (see Figure 4.2.8-2). Kip error values of 0, 1, 5,

and 10 percent were analyzed. The SIRTF/AGS mass properties assumed were:

m = 3310 KG
1=3.64m
Kyp = 12,000 KG-m
= 2
JEQ 48,000 KG-m

The line-of-sight (LOS) disturbance per gimbal acceleration performance is
shown in Figure 4.2.8-4. The transfer function peaks near the 1 Hz gimbal
servo bar. lwidth and again at the 20 Hz accelerometer bandwidth. Structural
dynamic resonances in the SIRTF and AGS add sharply defined peaks to these
frequency responses but are eliminated for this simplified analysis.
Assuming a five percent K., error, a peak value of 420 arc-sec line-of-sight

(LOS) error occurs per g of accelerav.un at 0.4 42. As shown below, this
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isloation capability is quite good for the acceleration disturbance levels
expected. The results and an interpretation of their impact are contained

in Figure 2.7.3-3 in Section 2.7.

4.2.9 Thermal/Structure Response

In Figure 2.7.4-1 of Section 2.7, the structural response to thermal gradients
were presented. The mechanical dynamics were modeled as a resonance representing
the first bending mode. Higher frequency modes will be excited by the thermal
transient but first mode should dominate since .he thermal deformation "“shape"

is similar to the mode shape of the first bending mode. The simplified

dynamic model described above was used to define the first mode bending

frequency (0.55 Hz).
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The thermal transient at the orbit day-night transition was modeled as a

linear system operating about the midpoint temperature of the transient.

This temperature transient was input as a force through a gain factor to the
resonance and the resulting acceleration peak was determined. The gain

factor is the ratic of static the mal deformation per degree of temperature
differential (.T) times the effective spring constant of the first bending

mode. The transition from day to night takes about 7.8 sec which is short
compared to the thermal time constant (1200 sec) but long compared to the

first bending mode period (1.8 sec). Therefore, the input power was modeled

as a step and a ramp for 7.8 sec to see the effect on the resulting acceleration

(the ramp reduces acceleration by a factor of 6).

The results of the analysis indicate accelerations at the outer end of a SASP
of well under 10'6 g's at the 0.55 Hz first mode bending frequency. Based

on the previously described AGS pointing system model, the resulting

payload line-of-sight disturbances are below the 0.01 arc-sec noise level

of the Annular Suspension Pointing System. Therefore, it is preliminarily
concluded that thermal deformation transients for graphite/epoxy structure
are not significant to either low-G payloads or pointing payloads. For
aluminum structure, the thermally induced accelerations are on the order

of 1074 g's which exceeds the Materials Processing payload 107° ¢ requirements.
Note, however, that the accelerations calculated apply to the outer ends of
the SASP crossarms and a materials processing payload normally would be
mounted closer to the c.g. (because of orbital dynamics and centrifugal
acceleration considerations) where thermal deformations may be much less.

The 1072

G acceleration at 0.55 Hz is not a small input to an APS. Aluminum
structure may cause LOS errors of about 0.04 arc sec which may not be

acceptable to all payloads.
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Note that the NASTRAN dynamics model showed lower freyuencies which would

tend to reduce the thermally induced accelerations shown above.

4.3 COMMUNICATIONS AND DATA MANAGEMENT TRADES

The key trade studies that were performed in the Communications and Data
Management area are defined in Figure 4.3-1. This figure also shows the
factors considered in each trade study. The three trade studies were:

(1) centralized versus distributed payload control (data processing support);
(2) payload data storage allocation to Power System, Platform, or pallet; and

(3) experiment data multiplexing allocation to Power System versus Platform.

Centralized vs Payload Control

v @ On-Orbit Integration
¢ Prelaunch Checkout Autonomy

* Payload Data Autonomy Payload Data Storage on
e Overall Data Processing Efficiency [Power System| , [Platform,]
or Pallet
o Accommodation of First
Order Platform Payloads
o Efticient Use of High-
Multiplexing on Rate TDRSS Channels
vs. [Plattorm] o Cost Deferral
e Accommodation of First Order ® Minimize High Rate
Platform Data Handling

e Cost Deferral
o Compatibility with Data
Storage Configuration

Figure 4.3-1 Data Management Options and Selections

4.3.1 Centralized Versus Distributed Payload Control

4.3.1.1 Overall Requirements Summary

The SASP Data Management System provides a data interface with the payloads.
Commands going to the payloads and engineering and scientific data coming
from the payload cross this interface. Processing associated with this data

can be allocated to the payload, the host vehicle (Power System/SASP), or
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the ground. For the large variety of payload cenfigurations planned for
SASP, it is probable that some data processing will be required at each of
the above locatiors. It is desirable to develop processing allocation guide-

lines that can be used to develop a SASP data management system configuration.

4.3.1.2 Important Factors and Considerations

Some of the important factors in this study are shown in Figure 4.3-1. One
factor that is unique to the SASP concept is that the payload and the host
vehicle (SASP) data system will be integrated on orbit after a payload
exchange. Previous experience indicates that this process can be extremely
time-consuming, especially if there is a complex interface between the payload
and the software in the host vehicle. Another important consideration is

the des. to provide a payload interface that emulates a Spacelab payload
interface to the extent that Spacelab payloads can be flown on SASP with
minimum change. Where the Spacelab payload relies on the Spacelab experiment
computer for data processing support, this desire is not consistent with the

goal of optimizing the on-orbit integration of the interface.

4.3.1.3 MWork Accomplished

The data interface defined for Spacelab payloads for Missions 1, 2, and 3
was reviewed. Most of these payloads rely on the experiment computer for
some level of support. However, it was determined that 50% to 60% of these
payloads have a Dedicated Experiment Processor on the payload side of the
interface. The trend on Spacelab payloads, and the desire of the principal
investigators, is clearly in the direction of dedicated processors on the
payloads. One of the primary drivers of this trend is the autonomy in

development and integration that is provided.
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The processing functions associated with payload operations (for Spacelab
payloads) were investigated. Typical functions are listed in Figure 4.3.1-1.
This figure also suggests an allocation of these processing functions to a

central processor (SASP or Power System) and a dedicated experiment processor.

Central Processor

e Manage common resources {(eg power)
¢ Down load experiment programs
¢ Relay commands from ground
¢ Provide common pilatform

data (e.g. attitude, position)
e Macroschedule experiment

operations

Dedicated Experiment Processor

Equipment checkout and calibration
Experiment operation (microscheduling)
Input data/command processing

Data acquisition (formatting, annotation)
Data processing (sorting, correiating,
estimating)

Figure 4.3.1-1 Experiment Onboar. Processing
Function Allocation Example

4.3.1.4 Conclusions and Comments
To provide a SASP design that will allow on-orbit integration of payloads,
payload data processing should be allocated to a dedicated experiment processor
except for functions that involve direct Power System interfaces (ground
communication, power management, etc.). Central processor support to payloads
should be limited to top-level payload control, central resource management,
communication interface support, and similar functions that cannot be done
at the payload. This approach implies some possible impact to Spacelab
payloads. Further study is required to establish the degree of impact and

the alternatives available to relieving that impact.
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4.3.2 Payload Data Storage on Power System, Platform, or Pallet

4.3.2.1 Overall Requirements Summary

Payload data storage is required on-board the Platform (1) to prevent data
loss during periods of TDRSS non-availability, and (2) to accumulate data

so that it can be dumped to TDRSS at high rates, thereby making better use

of TDRSS resources. This payload data storage could be handled on the Power
System, the Platform, or the payload carrier (pallet). The ability to
communicate with TDRSS at any given time may be limited by visibility
(orclusion by the earth), Power System antenna look angles, or higher-priority

users.

4.3.2.2 Important Factors and Considerations

Several factors enter into this trade. First, it is desirable to minimize
high rate data handling to reduce data equipment complexity. If data
storage were provided on the pallets, high rate dumps of multiple-pallet
data would regquire that the outputs of multiple high rate recorders be
multiplexed. A better approach would seem to be to acquire multipliex and

store the data then dump the already multiplexed data at a high rate.

A second factor is the goal of providing data storage for payloads on the
First Order Platform. Since Spacelab payloads have available the 32 Mbps
Spacelab data recorder, it seems reasonable to provide at least the equivalent

capability for the First Order Platform.

A third factor is the desire to defer the deployment of storage capability
(beyond that required by First Order Platform payloads) until the Second
Order Platform is placed in operation. This has the advantages of (1)
deferring costs, and (2) allowing the use of later technology for the Second

Order Platform data storage capability.
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4.3.2.3 Work Accomplished

Alternative data storage technologies were investigated to identify candidate
technologies for a mid-1980's platform. Figure 4.3.2-1 compares several data
recording technologies and identifies near-future limits in magnetic storage
devices. Current (Spacelab) recorder technology provides 3.8 x 1010 bits
total storage on a single tape recorder with maximum record and playback
rates of 32 Mbps. Development work planned or currently in progress will
lead to recorders with record/playback rates in excess of 100 Mbps and total
storage capabilities of up to 10]2 bits. Other technologies (e.g., bubble
memories) have promise but are not expected to be developed to the extent

that they can meet SASP requirements by the 1985 time period.

RECORDING TECHNIQUE SELECTION

TYPE FEATURES LIMITATIONS
MAGNETIC - IMMEDIATE READOUT BANDWIDTH LIMITED
ERASABLE, RERECORDABLE
ELECTRON LARGE CAPACITY DELAYED READOUT
LARGE BANDWIDTH REQUIRES FILM PROCESSING
HOLOGRAPHY LARGE CAPACITY DELAYED READOUT
LARGE BANDWIDTH REQUIRES FILM PROCESSING

REDUCED SIZE AND POWER

MAGNETIC RECORDING LIMITS - NEAR FUTURE

TAPE SPEED BIT RATE
TYPE BITS/IN (IN/SEC) CHANNELS 8PS)
LONGITUDINAL 60 K 120 2 mzm
ROTARY HEAD 50K 1000 2 100Mm

AVAILABLE OFF THE SHELF - 1978

,. INPUT DATA RATE STORAGE TIME TOTAL STORAGE
’ {8PS) (MIN) ®17s)
2m 20 384X 10E W

Figure 4.3.2-1 Recorder Limitations
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4.3.2.4 Conclusions and Comments

The SASP should provide data storage for the payloads. A centralized payload
data storage facility will be more cost effective than payload-provided
storage, and will simplify the overall payload data management problem.

Some payload data storage, at least equivalent to that provided by Spacelab,
should be provided by the Power System. This capability should be
supplemented by additional tape recorders in the Second Order Platform support
module to handle the increased data quantitiec expected from Second Order
Platform payload groups and to provide higher data dump rates for the later

time period when TDRSS loading will be higher.

4.3.2.5 Multiplexing on Power System or Platform

Multiplexing of payload data (and Platform/Power System data) is required to
make use of the available communication channels. For a second order platform
configuration, the multiplexing function can be concentrated in the Power
System or it can be distributed between the Power System and the Platform
Support Module. For the same reasons that were cited in the data storage
trade, and to provide compatibility with the selected data storage configuration,
the multiplexing function should be provided in the Power System to meet First
Order Platform requirements. This should be supplemented with additional
multiplexing capability in the Second Order Platform. This approach, as in

the data storaye approach, allows costs to be deferred where possible, and
allows the possibility of later technology being used for second order platform

data system elements.

4.4 BERTHING EQUIPMENT AND ALTERNATE PAYLOAD CARRIERS
This paragraph reports on trades performed to resolve key issues in the

configuration design.
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4.4.1 SASP]Orbiter Structural Interface System

Several Orbiter berthing subsystem options were compared for platform initial

deployment and on-orbit servicing.

4.4.1.1 Requirement Summary

Table 4.4.1-1 presents the requirements for the berthing subsystem.

o PROVIDE A BERTHING INTERFACE AND A STRUCTURAL BRIDGE BETWEEN THE
ORBITER AND FREE-FLYING SPACE PLATFOFM OR A POWER MODULE.

o SYSTEM SHALL INTERFACE WITH ORBITER IN THE FORWARD PORTION OF THE
CARGO BAY AND BE COMPATIBLE WITH THE INSTALLATION OF SPACELAB
MODULE, SHORT ACCESS TUNNEL, AIRLOCK, MMU INSTALLATIONS, KU ANTENNA,
AND LEFT AND/OR RIGHT HAND RMS INSTALLATION.

e THE CENTERLINE OF THE DEPLOYED INTERFACE SHALL BE LOCATED AT Yo = O,
Zo = 515 MINIMUM, AND +Xo = 633 MAXIMUM,

e THE BERTHING SYSTEM SHALL STRUCTURALLY ATTACH TO THE ORBITER THROUGH
THE USE OF STANDARD ORBITER KEEL AND LONGERON BRIDGE FITTINGS AND
JOURNALS.

e THE STRUCTURAL STIFFNESS OF THE BERTHING SYSTEM SHALL BE A 4 «x 106 FT/LB
PER RADIAN IN BOTH BENDING AND TORSION, IN TH® DEPLOYED POSITION THE
SYSTEM SHALL EXHIBIT Nu LOOSENESS OR BACKLASH IN JOINTS OR DRIVE
ACTUATORS.

e SYSTEM SHALL NOT PRECLUDE EVA EGRESS FROM ORBITER AIRLOCK.

e SYSTEM TO PROVIDE CAPTURE LATCHING, SECURING OF INTERFACE PLUS
UMBILICAL ENGAGEMENT.

e THE BERTHING SYSTEM TO TRANSFER ELECTRICAL POWER, AND DATA AS REQUIRED.

e THE ACTIVE PORTION OF THE MECHANISM TO BE ON THE ORBITER SIDE OF
THE INTERFACE.

o INTERFACE WITH POWER SYSTEM AND/OR SASP IN A MANNER TO PLACE +Y
AXIS PAYLOADS AT ORBITER STA Xo 550 MAXIMUM. -

e PTOVIDE +90° ROTATIONAL CAPABILITY AT SASP/ORBITER INTERFACE
(OPTIONAL REQUIREMENT)

Table 4.4.1-1 SASP/Orbiter Berthing System Requirements
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4.4.1.2 Important Factours and Considerations

The selected berthing concert should have minimum impact on the current
Orbiter and Power Systems designs and operacions. Additionally, the desigh:
should not unduely complicate the platform design. Compliance with these
considerations will be reflected in a lower cost and weight with enhanced

safety and reliability.

An important aspect of the platform design is the ability to accept a wide
variety of payload sizes and geometries. Achieving this goal of flexibility

is an important consideration in the berthing subsystem design.

4.4.1.5 Work Accomplished

During the study, various berthing system options were investigated as shown

in Figure 4.4.1-1. The initiai berthing provisicn shown in Qption 1 is a
deployable adapter that places the Platform outboard of the cargo bay and

also forward along the (X) axis. Rotational provisior= permit full utilization
of the RMS. However, this concept is not compatible with the Spacelab sortie
mode. Option 2 is the MSFC baseline concept which is a truss-type structure
which mounts to the Orbiter sil® and keel fittings. The adapter remains in

the cargo bay and is delivered each time a berthing operation is desired. The
upper section is deployable and incorporates four RMS end effectors at the
interface. Option 2 deploys from the cargo bay at approximately St- Xo 633
thereby placing the Platform in a manner that restricts RMS operat: . :.

Option 3 adds an extension to the interface and moves the berthing port fo.ward
to provide clearance between (-Y) axis payloads and the RM5, Rotational
capabilities are included to permit rotating the Platform to clear the cargo
bay and/or place payloads within the RMS reach envelope. Options 1, 2, and 3

are concepts that remain with the Orbi _r and require cargo bay volume and
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Figure 4.4.1-1 Orbiter Berthing Interface Options F POOR QZAGEIS

weight al ocations. Options 4 and 5 are configured to remain with the platforms.
If the Platform is large with payload ports out of reach of the RMS, the first
four options require reberthing the Orbiter *o service the remote ports.

Option 5 eliminates the requirement for reberthing by permitting the Orbiter

to be moved along a platform arm. Option 6 adds a turret to the provisions

for linear translation so that the Orbiter can be moved down one arm and then

along an intersecting arm as required to reach all platform ports.

4.4.1.3.1 First Order Platform Berthing System - The First Order Platform
Berthing System shown in Figure 4.4.1-2, incorporates ah Orbiter Berthing
System ar 2 I1st Order Platform Berthing Adapter. Th“e Orbiter System shown

is the concept defire’ 'n MSFC's 25 kW Power System Reference Document #PM-001,

dated September 1979. The structur. is attached to Orbiter fittings c¢
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ar 4/0¢ Shock
Attenuators

Shuttie Launch
Support (4)

Orbiter Berthing System Extended
Figure 4.4.1-_ st Order Platform Berthing System

Sta Xo = 617 and Xo 675.6. The system deploys approximately 4 ft in the +Zo
direction for clearance between the berthed spacecraft and the Orbiter. The
Orbiter Berthing System is configured to be compa:;ble with a Spacelab
installation. The structural interface shown is the current active berthing
latch concept being studied by MDAC under the Space Platform Advanced
Technology Study, Contract NAS9-16001 and described in parigrech 3 3 2. The
mechanism provides the power to capture, latch, and secure the passive half of
the interface. Power to deploy the umbilicals, etc., is provided by the
active side of the interface. The 1st Order Platform Berthing Adapter is
approximately 2.1m long and incorpnrates an active and a passive interface

system. The passive interface is configured to mate with the Orbiter

Dc~king/3erthing System shown. The active berthing mechanism is identical to
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the Orbiter system with the support struts and/or shock attenuators removed.
Since the Power System will be passive during the berthing operations, captive
latching and umbilical engagement will be performed by the adapter with power
from the Orbiter. Rotational capabilities of +90° are provided at both
interfaces adding flexibility in placing 1st order piatforms in a position to

minimize ¢ rgo bay obstruction and maximize RMS reach capability.

4.4.1.3.2 2nd Order Platform Berthing System - The 2nd Order Berthing
System shown in Figure 4.4.1-3 resulted from the requirement of servicing
the SASP with the Orbiter limited to i single rendezvous/berth witk ~x.’.

The concept incorporates a telescoping boom and the Orbiter Berthing “ystem.
The telescoping boom is an integral part of the 2nd Order SASP support module
and is stowed under the support module structural extension during launch.
The passive half of the interface is configured to mate with the Orbiter
Berthing System. Power to mate the interface is supplied by the Orbiter.

The Orbiter Berthing System shown is the standard system described in
paragraph 5.3. The 7.6 m retracted length of the boom enables the Orbiter to
be rotated to place inner (Y) axis payloads within reach capabilities of the
RMS. The 14.6 m deployed length together with the rotational features, enables
the Orbiter RMS to service all SASP payload locations and completely service
the Power System, including replaccment of the Reboost Module. A detailed

description of the Telescoping Boom is in Section 5, Paragraph 5.3.

4.4.2 Payload Carrier

Although the Spacelab pallet is the primary payload carrier considered in the
study, s- . ~al other options were evaluated. These alternate carrier.
have advantages for platform application, because the requirements are relaxed

somewhat from the Spacelab sortie mission mode where payloads must vperate in
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Figure 4.4.1-3 2nd Order Platform Berthing System

the Orbiter bay. This relaxation of requirements can result in designs
which are lower cost, lower weight and are adaptable to many experiment

viewing and packaging requirements.

4.4.2.1 Recuirements Summary
Table 4.4.2-1 lists the primary requirements imposed on payload carriers for

platform application.

4.4.2.2 Important Factors and Considerations

The payload carrier concepts investigated emphasized flexible experiment
characteristics. Payloads mounted on the IPS with large viewing requirements
were given prime considerations. Since the IPS is not designed to carry
launch loads, it must be unlatched from the payloads during launch and
engaged on-orbit. Also the load carrying structure must be unlatched from
the payload on-orbit. These considerations suggest that a simpler, Tower-
cost,structural interface with the Orbiter may be desirable “ur SASP payloads.
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o CARRIER DESIGN TO BE COMPATIBLE WITH ORBITER LONGERON AND KEEP
FITTINGS

o CARRIER TO BE COMPATIBLE WITH ORBITER BOOST FMVIRONMENT AS DEFINED
IN SPACE SHUTTLE SYSTEM PAYLOAD ACCOMMODATIONS HANDBOOK JSC 07700
VOL XIV, REVISION F.

@ CARRIER TO INCORPORATE A PASSIVE BERTHING SYSTEM CONFIGURED TO
INTERFACE WITH THE SASP ACTIVE INTERFACE MECHANISM.

¢ CARRIER TO PROVIDE MULTIPLE PAYLOAD ATTACH PROVISIONS TO ACCUMMODATE
VARIOUS EXPERIMENT SIZES AND SHAPES.

o THE STRUCTURAL DESIGN SHALL PERMIT THE CARRIER TO ACCOMMODATE ANY
WEIGHT EXPERIMENT WITHIN THE ORBITER CAPABILITY.

e THE CARRIER TO MINIMIZE WEIGHT AND THERMAL DISTORTION

e THE CARRIER CONFIGURATION SHALL MINIMIZE EXPERIMENT VIEWING
OBSCURATION WHEN BERTHED TQ THE SASP

e THE CARRIER CONFIGURATION TO MINIMIZE CARGO BAY VOLUME USAGE
CHARGEABLE TO PAYLOAD.

Table 4.4.2-1 Payload Carrier Requirements

4.4.2.3 work Accomplished

Several carrier options were defined and eval .ated which are specifically

designed for platform application.

4.4.2.3.1 Payload Carrier Options - The Spacelab paliet is designed for use
in the Orbiter boost environment and is configured as not to impose viewing
restrictions from the cargo bay. Since payloads are cantilevercd from it, it
is designed to sustain high bending moments and thus is heavy in terms of
weight to payload supported. Payload mounting provisions designed for use
with the SASP can be less complex, lighter, thermally compatible with SASP

and minimize loads transmitted into Orbiter.

Several payload carriers are shown in Figure 4.4.2-1 in which experiments

can readily be munted for launch and satisfy their individual requirements
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MDAC ISOGRID ORBITER ENVELOPE —/
PALLEY

ESA PALLET

BERTHING PORT-—

EEATURES FEATURES PANCAKE CONCEPT ~ SMALL ViEwens -
o QUALIFIED © COMIOSITE MATL fEA
& MODULAR FOR ® THERMAL DISTORTION Ojcg%:%EREDM
1. 20R 3 PALLET MINIMAL LAUNCH AXIS
& READILY MODIFIED FOR ® EFFICIENT PAYLOAD ® LIGHTWT
VARIOUS PAYLOAD REQMTS ACCOMODATION ® CUSTOM EXPERIMENT
o GROWTH CAPABILITY ® MULTIPLE PAYLOAD MOUNTING
RESTRAINT LOCATIONS ® BERTHING PORT
® LOW COST INTEGRAL
® MULTI-PALLET ® VARIOUS PAYLOAD
ADAPTATION SIZE ADAPTATION

ORBITER ENVELOPE

BERTHING
" PORT
= v:\_ﬁ?
«i? :

X j—

-

STARLAB

LATFONM CONCLPT

Figure 4.4.2-1 Payload Carrier Options

on a platform. Such carriers have program advantages, such as minimal
viewing obscuration, lightweight, easily berthed to platform, and variable
mounting pattern. They also maximize storage volume. The carrier can be
designed to carry any weight within the 1imit of the Orbiter capability
while the standard pallet has carry weight limitations. The MDAC isogrid
pallet is similar in shape to the ESA pallet except it has unlimited

mounting provisions and is lightweight.

The "Pancake" carrier concept provides a lightweight carrier for small
experiment users. Isogrid structural design adds flexibility to accommcdate
various experiment sizes with custom mounting provisions to satisfy c.g.

requirements.
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The “"Platform" concept provides a lightweight carrier designed for specific
experiments. An example is shown in Figure 4.4.2-1. Sensors designed to
operate free of the Orbiter need only a simple, lightweight type carrier
configured to protect the experiment in the launch environment, be compatible

with the SASP, and with the on-orbit payload operational parameters.

4.4.2.3.2 Advanced Payload Carrier Kit -The Spacelab pallet is designed to
serve as a standardized structural interface between sortie mission payloads
and the Orbiter. On sortie missions it is also the mounting platform for the
IPS for those payloads requiring vernier pointing. Since the IPS is not
designed to carry the launch loads that heavy payloads impose on the pallet,
it must be unlatched from those payloads for launch and engaged on orbit
requiring also that the load carrying structure be unlatched from the pointing
payload on orbit. These considerations suggest that a simpler, lower cost,
structural interface with the Orbiter may be desirable for SASP payloads.

The Advanced Payload Carrier Kit concept, configured to provide an alternative
to the Spacelab pallet for SASP payloads, is shown in Figure 4.4.2-2. The
concept features four basic elements, (1) X, Y, and Z load carrier ring,

(2) Small Payloads Support Plate, (3) Z load carrier ring, and (4) SASP

Berthing Adapter.

4.4.2.3.3 "X", "Y", "Z" Load Carrier Ring - When the Spacelab pallet is used
with pointing payloads on sortie missions, latches must be provided between

the payload and its support structure which interfaces the pallet, and between
the payload and the IPS, as described in the preceding discussion. Since

the.e latches require hardwire interfaces for power and signals, they complicate
the pallet. When the pallet is used for SASP pointing payloads, these latches
and interfaces must be retained and terthing latches and umbilical added for

v:terfacing the pallet with the Platform.
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Berthing X, Y,ZLoad Small Payloads Z Load
Adapter _ Carrier Ring Support Plate Carrier Ring

\eatures
* Low Cost and Lightweight
* Optimized for Payloads Which Do Not Have To Operate in Cargo Bay
¢ Weli-Suited for IPS Mounted Payloads (Example SIRTF)
* Minimum Pointing Restriction for Gimbaled Payloads

¢ Minimum Weight on Platform

Figure 4.4.2-2 Advarced Payload Carrier Concept

With the carrier ring concept shown in Figure 4.4.2-3, all latches between
the pointing payload and its support structure are eliminated as well as
the latches between the IPS and the payload. Provisions for berthing to the

Platformare incorporated in the IPS and the IPS, with those provisions, is

supported from the payload for launch.

This arrangement is considerably simpler than that with the Spacelab pallet
because of the elimination of latches and power and signal distribution
from the sup. . structure which is completely passive. Because of the
loading symmetry, it is also more efficient structurally, and therefore,

lighter than the Spacelab pallet.

4.4.2.3.4 Small Payloads Support Plate - On some sortie missions, a number
of payloads are supported from a plate mounted on secondary structure on a

single pallet. To accommodate payloads of this type on the SASP, the beam
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stiffened machined isogrid plate shown in Figure 4.4.2-4 was configu for

use in conjunctionwith the payload carrier ring shown in Figure 4.4.7-3.
Because of the symmetry of the support provisions, this configuration is

more efficient structurally than the Spacelab pallet and is therefore

lighter. While use of the Spacelab pallet for fixed SASP payloads is much

less complicated than for pointed payloads, the structural simplicity reduced

cost and weight savings potential make this concept attractive.

PIL Peculiar
Intermediate
Structure

|
T PS

‘/

-

.S

s‘.ﬂdafd xv Y' Z
+4 Load Suppcrt Ring
' Size for 5000 kg P/L

Fiqure 4.4.2-3 Payload Carrier Ring Corcept
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Figure 4.4.2-4 Multi-Small Payloads Support Plate

4.4.2.3.5 "1" Load Carrier Ring -~ The "Z" load carrier ring is identical to
the riny designed shown in Figure 4.4.2-3 with the "Y" fitting removed. This
ring is supplied for payloads requiring additional longeron support during

Taunch.

4.4.2.3.6 SASP Berthing Adapter - The interface with the SASP for pointed
payloads launched with the payload carrier ring is through the IPS, as
described earlier. But for fixed payloads mounted on the isogrid support
plate on the carrier ring, as shown in Figure 4.4.2-1, an adapter is required
for berthing the support ring to the Platform. The berthing adapter shown

on Figure 4.4.2-5 is configured to meet this requirement. It can be used for
large payloads, or multiple small payloads mounted on a support plate, which

can tolerate a fixed orientation relative to the Piatform.
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Figure 4.4.2-5 Berthing Adapter Payload Carrier Ring

4.4.2.3.7 SIRTF with Advanced Payload Carrier Kit - The launch configuration
shown in Figure 4.4.2-6 was selected to illustrate the use of the carrier ring
concept with a payload which is a candidate for inclusion on a SASP mission.
Berthing p:~ visions are located on the base of the IPS and on one carrier

ring supporting the tank cluster. The IPS is berthed on a port on one side

of the Platform and the tank cluster is berthed at the port directly opposite.
Insulated lines for cryogenic helium run from the powered umbilical at the
tank port to the power umbilical at the IPS berthing interface for delivery

of cryogenic he'ium to the payload. This arrangement appears lighter, simpler,

and therefore, lower cost than the use of two Spacelab pallets.
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Figure 4.4.2-6 SIRTF with Advanced Payload Carrier

4.4.2." Conclusions and Comments
A comparison of the various payload options results in the following conclusions.
o Experiments designed to operate free of the Orbiter need only a simple,
“ightweight carrier designed to protect the experiment in the launch
*vyironment. A suitable ring-type has been developed in this study.
... wide range of payload types, sizes, and requirements indicated that
a modular ‘carrier designed compatible with all types of payloads may
be the most economical for the SASP applicatior
o The Spacelab pallet is designed for use in the Orbiter and is
configured as not to impose viewing restrictions from the cargo bay.
it is designed to sustain high vending moments and thus is heavy in
terms of weight to payload support .. SASP payload carriers can be

less complex, lighter, and stil, thermally compatible with SASP,
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4.5 THERMAL CONTROL SYSTEM TRADES

Trades were performed at various levels which led to the selected subsystem
concept. The higher level trades impacted other subsystems and have a
significant impact on overall program cost, schedule, and implementation.
An example at this level is the trade between centralized heat rejection
versus pallet located heat rejection. Results of this trade can have a

significant impact on pallet and platform design.

Lower level trades impacted interface designs, subsystem configurations, and

detailed configurations and arrangements of subsystem equipment.

4.5.1 Requirements Sunmary

The thermal control subsystem must provide cooling to each docked payload
amounting to 5 kW sustained and 9 kW peak. The 5 kW sustained load is a
nominal value and corresponds to a payload pointing to a relatively warm
environment such as solar .soservation or earth viewing. Under these
circumstances the amcu:.. 7 eat loss passively is expected to be small,
Depending upon the s~ecr .~ ,.urload design and orientation, significant
amounts of electrical heat could be lost directly to space and not show up
in the radiator loads. If the full electrical distribution design pcwer of
6 kW is directed to the payload, at least 1 kW will have to be provided in
the nominel :ase. However, fiexibility is a design goal so that cooling
needs to each port can be increased and decreased based on the requirements
of the payload complement being flown. Platform subsystem must also provide
cooling to subsystem equipment. Total maximum cooling load is 25 kW which

equals the sustained power supplied by the Power System.

Both payload and subsystem equipment cooling tempercture requirements are

60°F payload supply and 110°F return. Life Science and manned modules require
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a 40°F supply. Higher temperatures are allowable for many high power payloads
and for transient conditions but specific requirements are dependent upon

the particular payload.

4.5.2 Important Factors and Considerations

Primary goal for performing thermal control subsystem trades is to offer ample
ar.. flexible cooling resources to experimenters using the Platform. The
design must be low cost consistant with this goal and must not represent
development ris«<. One way this can be accomplishe - to make maximum use

of existing technology and hardware.

The design must be capable of operating reliably for a 10 year lifetime while
presenting no safety hazards to crew and associated systems. The platform
design must be compatible with interfacing systems. especially the Orbiter

and Power System.

4.5.3 Work Accomplished

Five key trades were performed on the SASP study which had a significant
impact on the selected thermal control subsvstem design. These trades were

as follows.

——t
.

Payload arrangement - parailel or series and loop arrangement
2. Payload interface options

3. Centralized radiator dual loop alternates

4, Centralized radiator flow options comparison

5. Centralized versus pallet radiator

The trades were performed in the sequence shown above pecause the first four
trades generated a centralized radiatur concept to be traded against the

pallet radiator concept as performed in the last trade.
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4.5.3.1 Loop Arrangement - Parallel or Series

The platform cooling loop can be arranged to pass through the payloads in
either a series or a par21lel arrangement as illustrated by the simple
schematics given in Figure 4.5.3-1. Each of these options have specific

advantages and disadvantages which the figure summarizes.

1 to 4 PIL Pareilel

| Heat or 4 PJL Series . 120
i Rejecﬂoc.] G.‘N
X o 100
& o ®
£2 Temperature
é’) 32 80
o{ CIP LA PIL PL [O8 1 PIL Series l
. O g o
My - ) I )
> “Series 0 5 10 15 20
Heat Load Per Payload (kW)
Heat
Rejection Rationale for Selecting Parallel
i 4 . ¢ No Thermal interaction
() o ‘ Selected l Between Payloads
O . ¢ Low Temperature (60°F) to
cp k— PiL PIL All Payloads
- 3 1 J e Lower Loop Pressure Drop
- " Parallel

Figure 4.5.3-1 Payload Arrangement Options Parallel or Series
Flow Through Payloads

Performance in terms of cooling cemperatures are shown in the figure on the
upper right. A1l payloads in the parallel arrangement will have the same
inlet temperature and for the same heat load they will all have the same
outlet temperature. Based on platform requirements, the temperature range
for 5 kW heat loads in parallel will be 60 to 110°F. This is based on the
total platform fluid flow being divided equally to each payload.
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Ca the other hand, series arranged payloads have the total platform fluid

flow through the payloads in sequence. The first payload in the flow

sequence will have a 60°F inlet temperature and because of the high fluid

flow rate, a very large cooling load can be accommodated. However, downstream
payloads will not have a higher inlet temperature. Ary variations in upstream

heat load will perturbate loop temperatures in downstream payloads.

An additional disadvantage of the series arrangement is due to the higher
pressure drop of flowing the full fluid flow through all payloads. A
pressure drop analysis shows that use of the series arrangement would

preclude the practical use of available Orbiter/Spacelab hardware.

Because of pressure drop considerations and thermal interaction between

payloads of the series arrangement, the parallel concept was selected.

4.5.3.2 Payload Interface and Loop Arrangement Options

Several competing options were considered with regard to the interfacing
method with the payload and the numbar and arrangement of loops. Figure
4.5.3-2 depicts two direct interfacing options and two options employing a

heat exchanger interface.

The two-loop split system, shownr in the upper left, has a separate loop
interfacing directly with two of the payloads. Each loop would service one

arm in the case of the crossarm confiquration. An improvement on this option
emplovs a separate loop for each payload, thereby improving system survivability.

This approach substantially increases costs and complexity.

Heat exchanger interfacing options can use a separate heat exchanger for each
payload or twn payluads can be interfaced with a single heat exchanger with
dual passages, see the bottom right figure. Tre later arrangement is less

costly if the ports are relatively close together.
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Figure 4.5.3-2 Payload Interface and Loop Arrangement Options

Table 4.5.3-1 compares interface and loop arrangement options with regard
to key seiection criteria. Only the dual port interfacing heat exchanger
option is included in the table because it will be favored in most cases

over the port dedicated option because of simplicity and cost.

A number of major hardware elements are related (in terms of equivalent pump
packages) to the cost of the thermal control subsystem. These are given in
the table for the Platform, the pallet, and totals. Results show that the
split system has the fewest platform units and total units and equals the

fewest pallet units.

A cursory reliability assessment shows that this parameter does not differ
greatly between options. The option employing one loop for each payload
has the highest reliability for each payload (0.98) because a limited number
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of components must operate successfully for this option.

Fluid Interface HX Interface
. Split One Loop for
Criteria System Each Payload |* Dual Port HX
tiajor Hardware Elements
(Equivalent Pump Packages)
— Platform 3.26 6.37 4.26 .
— Pallets (Paytoads) 1.11 1.1 8.1 e
- Total 4.27 7.48 12.37
Reliability (1 year)
~— Eac Pa’y‘:oad 0.95 0.95
— Ali Payloads 0.95 0.93 0.92
Failure Impact
- Loss of Platform 2 Ports Lost | 1 Port Lost 140% Reduction
in Performance
— Lass of Pallet 2 Ports Lost | 1 Port Lost 1 Payload Lost
Method cf Repair
- PlaﬂotmpFluid Loss EVA (Ground) | EVA (Ground) | EVA (Ground)
— Platform Mechanical EVA (Ground) | EVA (Ground) EVA (Ground)
— Pallet System Ground (EVA) { Ground (EVA) ‘ Ground (EVA)
SELECTED

Table 4.5.3-1

Payload Interface and Loop Arrangement
Options Comparison Summary

The heat exchanger

interface reliability for all payloads operating successfully is the lowest,

(0.92), because two platform fluid loops and four pallet loops need to

operate successfully for this condition.

values.

Other cases fall between these

The fluid interface and heat exchanger interface options differ regarding

survivability.

Loss of either platform or pallet loops will cause loss of

two ports in the split system and one port in the option having one loop per

payload.

The heat exchanger interface option is less vulnerable, loss of a

platform loop causes about 40% reduction in performance at each port and a

parallel loop loss only effects that payload.
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Most failures of platform components are expected to be repairable by EVA.
Some failure types could require ground return for repair. The primary
mode of repair for the pallet system wiil be ground return for repair,

however, minor repairs might be made by EVA.

Based on the much lower cost and good reliability the split system is
selected. However, to improve survivability it is recommended that both
top and bottom ports on the configurations be supplied with cooling fluid
connections with valves to select top, bottom, or both ports and also to
isolate pcrts in the event of a failure. Both top and bottom ports can be
cooled at one time; however, a reduction in cooling capacity will result in

reduced flow to each port.

4.5.3.3 Centralized Radiator Dual Loop Alternatives

The trade in the previous paragraph calied, "Payload Interface and Loop
Arrangement Option", resulted in the selection of a split system where a
separate loop services each arm. This concept which could also be called
"Dual Loop", forms the basis for the trade described in this paragraph which
trades options for arranging the two loops on the four radiator panels

corresponding to four sides of platform standoff surfaces.

The concept using separate panels, shown on the left of Figure 4.5.3-3, merely
directs one loop through two of the panels while the second loop flows through
the remaining two panels. Manifolding is simple for this alternate, only one

is required at each end of the panel.

The other two concepts, center and right of this chart, result in both loops
flowing through all panels. The alternate tube concept arranges the flow so

alternate tubes are used by each loop. The adjacent tube concept has tubes
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Figure 4.5.3-3 Centralized Radiator Dual Loop Alternates

from both loops sharing a standoff web.

Both of these concepts have relatively

complicated manifolding requiring two at each end, tubes would have to be bent

to line up with one of the manifolds.

A comparison of the alternates is shown in Table 4.5.3-2.

The separate panel

concept has a greater reduction in performance if one loop is inoperative

because performance from two entire panels would be lost.

However, this

performance would not normally be usable because Freon flow in the remaining

operative loop would have to be increased to take advantage of better one-loop-

out performance for the alternate tube and adjacent tube concepts.

Some advantage also exists for the alternate tube and adjacent tube concepts

regarding environment averaging.

Since each loop runs through all four panels,

the heat rejection performance will be based on an average of all four sides.

Only two-sided averaging results with the separate panels concept.

176



Separate Alternate Adjacent
Criteria Panels Tubes Tubes
One-Loop-Out S0% 14% Slight
Performance Reduction® Reduction with | Reduction with
Adequate Flow | Adequate Flow
Number of Manifolds El 2 2
Manilold Camplex 168 Tube Welds || 168 Tube Welds | 336 Tube Welds
plaxity No Tube Bending!| 1/2 Tubes Bent | 1/2 Tubes Bent
Environment Averaging Two-Sided Four-Sided Four-Sided
Load Averaging None Small 100%
Manifolds
Vulnerability of Small Manifolds
\ ble and Tubes
Losing Both Loops Vulnera b
Waight (ib) 1,126 1,136 P e

*Greater Performance Probably Not Utilized

Table 4.5.3-2 Centralized Radiator Dual Loop
Alternate Comparison

The separate panel concept was chosen for the centralized radiator design

primarily because of fewer and simpler manifolds which have a strong impact

on cost. It is believed that these factors outweigh the advantages of the more

complex designs.

4.5.3.2 Centralized Radiator Flow Options Comparison
This trade compares the flow arrangement between panels, i.e., parallel or
series and the number of fluid passes in each panel. Two typical arrangements

are shown in Figure 4.5.3-4.

Table 4.5.3-3 gives a comparison of flow options for panels arranged in series
and parallel with various numbers of passes. The option of panels in series
with four passes per panel was selected because of lowes. area requirements

and weight. However, the pressure drop for this option is high and for the

final design, tube size was decreased to reduce pressure drop to a lower level.
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Figure 4.5.3-4 Centralized Radiator Flow Options

Panels in Series Panels in Parallel
Characteristic Two Four Two Six Ten
Passes Passes Passes Passes Passes
per Panel | per Panel | per Panel | per Panel | per Panel
Area (5q 1t) 603 588 682 625 812
Fixed Weight (ib) 1,157 1262 | 1,159 1,131
Fluid Weight (ib) 7 30.5 81.5 425 35.3
Pressure Drop (psid) | 5.9 0.18 2.83 1.3
Pump Power (watts) 56 374 14 7.1 106.4
Fin Etticiency (%) 95.5 95.5 95.6 95.5 95.5
Reynold's Number 8,810 17,600 2,200 6,608 11,000
Fluid to Root AT (°F)| 8.9 19 12 10.1
<>
Selected Arrangement

Reduce Pressure Drop

Table 4.5.3-3 Centralized Radiator Flow Options Comparison
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4.5.3.5 Centralized Versus Pallet Radiator
The subsystem trades described above resulted in a selected centralized
radiator design to be traded against the pallet concept. Both of these

competing designs were optimized to obtain optimized designs to ensure a
valid trade.

The pallet system, shown in Figure 4.5.3-5, consists of four pallet radiators,
a pump package, temperature control valve, and four radiator panels located
in parallel. Freon 21 is circulated in the loop which delivers 60°F fluid
te cold plates mounted to subsystem and payload avionics. Temperature control
is accomplished by passing some portion of flow around the radiators to obtain
the required mix temperature. One of these subsystems must be provided for

each pallet system being flown or in ground processing.

Pallet Radiators ~  re—e———-

r 1
________ | Payload |
Com———— gl | | Exchanger !

r
X
!
!
!
|
I
[

PR g - J r_' 3 N
. 9 !
~—p Coid ] | Platiorm Cold
| Plates |V ——_ J Subsystem Piates
L e T, T 7 ) ’
c====—==) Pallot T
C —d Subsystem
—————— ] a Pump
C= = —— Package
— = )
 ————— < I ﬂjgj
C——— |
g ——— | ) \
| g ——— < I |

Figure 4.5.3-5 Platform Thermal Control
Pallet Located Radiators
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The platform subsystem shown on the right interfaces with the Power System
for heat rejection and fluid temperature control. A pump package circulates
Freon 21 from the Power System payload heat exchanger to cool cold plate

mounted platform avionics.

Figure 4.5.3-6 shows the design details of the pallet radiator concept to be
traded against the centralized concept. The four outside pallet surfaces are
used to mount the radiators. Radiator tubes are mounted on the spaceside

of the fin sheets to prevent infringement of the pallet radiators into the
Orbiter bay envelope during launch and reentry. This tube location is not

an efficient design for meteoroid protection but a 0.99 probability of no

puncture per panel is achieved with 0.20 inch thick tube walls.

Pallet

B Side View

TUBE CROSS SECTION DESIGN DETAILS

Tube Spacing = 3 inches
&20 inch Fixed Weight = 29.3 Ib per Panel
all Fluid Weight = 3.81 Ib per Panel
0.20 inch 1D Area = 39 sq ft per Panel
No Puncture Probability
0.03 inch Fin = 0.99 (One Year) per Panel
Fluid Film Coeflicient = 191 Btu/hr Ft2 *F
Reynolds Number = 7080
Y, 7 Heat Rejection = 0.75 kW Nominasl
Coating = Silver Tellon

Figure 4.5.3-6 Pallet Radiator Concept Design Details
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The Reynolds number of the circulating fluid is 7,080 which is well within

the turbulent flow range to minimize fluid to tube wall temperature drop

while retaining a reasonable pressure drop.

Table 4.5.3-4 summmarizes the comparison between pallet located radiators 1.

the centralized concept.

Key comparison criteria were developed for the

competing concepts and these are shown in the table.

Criteria Centralized Pallet
H‘"’;“l‘:“‘: s“““'"‘""'“s 2 Packages 2 Packages Platform
- Disconnects 2 Each Port +2 " 12:,:::;9;':;::;’"“
- Temperature 2 for Plattorm 1 Each Pallet
Control Valve
~ Radiator Panels 4 for Platform 4 Each Pallet
Rellability (One Year)
- One Payload . 926 0.937
« All Payloads 0.830 0.819
Failure Impact
- Loss :l Platform Loop One Arm Lost Both Arms Lost
- Loss of Pallet Loop One Arm Lost One Payload Lost
i ie per 5 kW 2.6 t0 3.0 kW for
g: o‘l:;% Aualiabie P (Accommodates 86% | Fixed Radiators
y of Data Base) (Accommodates 72%

New Development

Disconnects

-

of Data Base)

None

Table 4.5.3-4 C(Centralized Versus Pallet Radiator
Comparison Summary

Hardware requirements differ significantly between the competin, concepts.

The pallet radiator concept requires more pump packages, temperature control

valves, and radiator panels because each pallet is, in effect, a self-contained

system.

expected to be somewhat simpler than for the Platform.

However, complexity of the pallet radiators and pump package are

Key to the Platform

System are the large number of fluid disconnects which must be usecd each

time 2 payload is changed out.
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Performance for the centralized system is higher, 5 kW nominal, because
available fixed pallet surfaces limit heat rejection to about 2.6 to 3 kW
per pallet. Deployable pallet radiators were not considered because of cost,

complexity and experiment interference.

Based on the lower hardware requirements and higher performance, the centralized
concept is tentatively selected for the purpose of developing programmatic

data. However, due to the criticality of the fluid disconnect and because of
lack of payload data on heat ioss directly to space, further, more detailed

study is recommended in follow-on effort.

4.5.4 Conclusions and Comments

The key trades performed in the thermal control area are summarized in

Table 4.5.4-1. These trades formed the basis for arriving at optimum designs
for the two main competing options of centralized platform radiator and

pallet located radiators. These two options were compared and the centralized
concept was tentatively selected because of higher performance and reduced
hardware requirements. The pallet concept can reject only about 3 kW of

heat which is about half of the sustained electrical power supply capability.
Some heat may be lost directly to space from pallet located equipment by
passive means. However, it is felt that limiting cooling to 3 kW would place

severe design restrictions on the user.

Use of the pallet radiator corcept offers reduced flexibility in accepting
specialized payload carriers such as the ring concept. Many of these carriers
will not have adequate flat surfaces and structural block and may drive

radiator heat rejection.
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SELECTED
TRADE CONCEPT RATIONALE

Centralized versus Pallet Radtator Centralized o Higher Performance
o Less hardware

Loop Arrangements - Parallel or Parallel e No interaction between payloads
Series o Low temperature supply
o Lower pum.ing requirements

Payload Interface Options 2 Loops with ® Less hardware
Jivect fluid
irterface
Centralizes Radiator-Dual Separate paneis o Low weight
Loop Alternates o Low complexity

o Low meteoroid vulnerability

Centralized Radiator Flow Panels in series
Options Comparison - 4 passes per panel o Highly efficient

o Low weight

o Acceptable pressure drop

Table 4.5.4-1 Key Thermal Control Subsystem Trades

Another advantage uf the centralized -oncept is the reduced hardware requirements.
The centralized concept uses two pump packages wherein a pump package is

required on eac. pallet for th= pallet radiator concept.

A major disadvantage of *!: centralized concept is due to the requirement

for coo’ ‘ng fluid connections to be made in space. This requirement is similar
to the current Power System design which has three disconnect sets to allow

use of the Power System payload heat exchanger. Therefore, it i: “elieved

that the same basic disconnect which is developed 7or Power System will also

find application on the Platform.

4.6 PAYLGAD CRYOGENIC PROVISIONS

4.6.1 Overview
A review of payload requirements indicates a large nunber of payloads

requiring cryogenics, but insufficient data are available for detailed
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engineering trades and studies. One payload which has the cryogenic
requirements defined in detail is the SIRTF which requires 4930 liters of
supercritical helium four times a year. This must be supplied to instruments
mounted on an IPS which precludes transfer of cryogen from a central supply.

Therefore, a centralized platform system cannot satisfy the SIRTF requirements.

A centralized concept must be replenished by tank replacement or refill.
Refill approach would require some means of fluid phase control such as a
passive screen device, under development, or settling forces which would
require operational constraints. This approach also is somewhat ineff‘cient

because of ullage and line loss.

Specific payload cryogenic requirements are not defined in sufficient detail
at this time to merit serious consideration of a platform supply system.
Therefore, a payload-provided croygenic supply concept is recommended, as

listed in Figure 4.6.1-1.

SUBJECTS STUDIED

e Payload Requirements

e Candidate Approach Definition

o Tradeoff of Platform Supply System
Versus Payload Provided Concept

l coNCLUSIONS

e Minimal Detailed Data Available on Payload Requirements

e Passive Cryogenic Cooling Designs Call for On-Orbit
Fluid Transfer for Replenishment

¢ Subcritical Fluid Transfer Requires Settling Forces or
Passive Screen Device

e Tank Replacement Eliminates Transfer System and Fluid
Losses/Residuals (Concept presented at Mid-Term)

* Cryogenic Fluid Lines Cannot Be Routed Around European

IPS or Sperry ASPS
« Payload Provided Cryogenic Supply Concept Recommended

Figure 4.6.1-1 Platform Cryogenic Provisions
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4.6.2 Currently Defined Cryogen Requirements

The payload cryogen requirements "Data Bank" (see Figure 4.6.2-1) which is
required to design the cryogenic supply system is very sparse as this figure
illustrates. The four payloads with defined cryogen quantities were used

to size the tanks. The different types of cryogen (i.e., helium, nitrogen)
and the different states (i.e., superfluid helium, subcritical, supercritical,
solids) make it extremely difficult to provide a single tank design. A
modular tank system can provide the desired quantities and with proper flow
control of the vapor cooled shield vent gases, a single tank design based on
helium properties could possibly contain the other cryogens. Figure 4.6.2-2

illustrates the various approaches to providing payload cooling with cryogens.
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Figure 4.6.2-1 Currently Defined Cryogen Requi.,ements
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Figure 4.6.2-2 Payload Cooling Concepts

This chart illustrates the cooling concepts available to the experimenter.
Passive cooling is furthar divided into instrument cooling by submergence

and direct conduction. This simplified schematic indicates that the passive
cooling concept cryogen is most readily resupplied by in-orbit refill, whereas
tank replacement would be accomplished only with difficulty since the tank is
an integral part of the instrument. On the other hand, the open-loop coolant
circulation concept croygen tank can be readily replaced. But this method

is limited to cooling in the supercritical region of the cryogen unless

fluid conditioning is performed at or near the instrument.

The only method of cooling with superfluid helium without fluid conditioning
is by the submergence of surrounded passive cooling concept. This is
because, based on current technology and design limitation, superfluid

heliumcannot be transferred without the development of the passive screen
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device that is currently undergoing development. This development with LH2
will make in-orbit transfer of subcritical fluids other than helium possibie

and available in the near future.

4.6.3 Cryogen Resupply Techniques

Figure 4.6.3-1 defines the state of the art resupply techniques corresponding
to the cryogen states. In each case, the replacement of the cryogen container
would be by RMS and/or EVA. The supercritical fluids can be transferred
in-orbit by adding energy to the tank (increase ir temperature) or by

system blow-down. The two phase liquid transfer requires liquid settling

by acceleration in order to orienf the liquid at the outiet end of the tank.
The required acceleration levels and transfer times will be established.

The passive expulsion technique is the desirable method since it does not
disturb other experiments. The technology is currently being developed and
should be available for LH2 transfer. The resupply of solid cryogen is by
divect replacement. The units could be located on the platform arms provided

the temperature requirements can be satisfied with the increased t ~sfer

distance.
TYPE OF CRYOGEN TECANIQUES
© SUPERCRITICAL o REPLACE TANK(S)
o IN-ORBIT RESUPPLY BY INCREASE
IN CRYOGEN BULK TEMPERATURE OR
DEPRESSURI ZATION (BLOWDOWN)
SATURATED AND o REPLACE TANKIS)
SUBCRITICAL
o IN-ORBIT RESUPPLY FROM PLATFORM
OR ORBITER
- LIQUID SETTLING VIA ACCELERATION
- PASSIVE EXPULSION®
S0LID o REPLACE UNITIS)

*NASA LERC IS CURRENTLY MANAGING CONTRACT TO DEVELO:' IN-ORBIT tHy
TRANSFER EXPERIMENT

Figure 4.6.3-1 Cryogen Resupply Techniques
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4.6.4 Cryogen Resupply Interface Trade (See Figure 4.6.4-1)

The cryogen resupply options depend on the payload cooling concept. A payload
with passive cooling is probably 1imited to in-orbit resupply from the

Orbiter or platform tanks because the payload cryogen tank is usually an

in' :gral part of the instrument and its removal and replacement would be an

¢ ‘t-emely difficult task by EVA. The resupply from the platform tanks is

more desirable since it involves shorter lines and could possibly be accomplished
by 11e RMS alone. The open loop coolant circulation concept lends itself

tc the direct replacement of the payload tank(s) but then the interface is at
the payload therefore it could result in temporary interruption of the
experiment and would require EVA to preclude damaging the payload. The
resupply from the platform modular tank system is the safest and least
complicated method. The open loop coolant circulation method lends itself

to utilizing the platform tank(s) as the primary supply since it involves

¢nly a one-step transfer of the cryogen. Based on current technology, payload
instrement cooling with subcritical fluids must be passive and cooling with

supercritical rluids or solids can be either passive or open loop.

4.6.5 Supercritical Helium Resupply for SIRTF Free Flyer

Figure 4.6.5-1 illustrates the options for platform-supplied cryogenic tanks
for the currentlv defined SIRTF free flyer. The SIRTF has a 180 day supply
of supercrit:~al helium therefore, to extend its 1ife would require resupply
every 180 days. The resupply would also require a long line from the Orbiter.
With cwne platform cryogen supply system, the resupply could be accomplished

th shorter lines. The platform cryogen supply system could also be used
to augrent thc SIRTF supply to extend its life to 380 days; therefore
requii ‘n. a resupply mission once a year instead of twice a year. A cost

trive is required to establish the more desirable method.
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| pavLOAD cooLING OPTIONS | | mesureLy orrions |

o PASS.VE COOLING — CRYOGEN CONTAINER IS © RESUPPLY FROM ORBITER ~ LONG LINE; EVA OR RMS ()
INTEGRAL PART OF INSTRUMENT (L.E., IRAS)
- THERMALLY VERY EFFICIENT © RESUPPLY FROM PLATFORM - SHORTER LINE;
REPLACEABLE TANKS: RMS AND/OR EVA

© OPEN-LOOP COOLANT CIRCULATION — MAJOR o REPLACE CRYQGEN TANK(S) DIRECTLY

CRYOGEN CONTAINER IS EXTERNAL TO - INTERFACE AT PAYLOAD
INSTRU™ENT (1.E., CURRENT SIRTF) ~ TEMPORARY INTERRUPTION OF EXPERMMENT
~ TWU-STEP IN-ORBIT TRANSFER UNLESS ALTERNATIVE SUPPLY IS AVAILABLE
© RESUPPLY FROM ORBITER
— LONG LINE (~ 26 M FOR SIRTF}

= INTERFACE AT PAYLOAD; EVA OR RMS

© RESUPPLY FROM PLATFORM MODULAR TANK SYSTEM
~ INTERFACE AT PLATFORM (NOY PAYLOAD)
— SHORT LINE, SAFER, AUTOCONNECT UMBILICALS

© OPEN-LOOP COOLANT CIRCULATION — MINDOR © REPLACE PLATFORM TANK(S)
CAYOGEN CONTAINER IS EXTERNAL TO — INTERFACE AT PLATFORM (NOT PAYLOAD)
INSTRUMENT BUT PLATFORM TANKI(S) - PAYLOAD CARRIES MINOR SUPPLY FOR
PROVIDE PRIMARY SUPPLY THERMAL CONTROL PRIOR TO DEPLOYMENT

— EFFICIENT ONE -STEP IN-ORBIT TRANSFER

Figure 4.6.4-1 Cryogen Resupply Interface Trade

SIRTF AUGMENTED Y PLATFORM
SIRTF ALONE (180-DAY SUPPLY} CRYOGEII SVSTEM {380.DAY SUPPLY)

- SCHE TARNK SCHE TANK
180-JAY SUPPLY 180-JAY SUPPLY

OPTION: SIRTF HAS
SMALL TANK WITH
PLATFORM TANKS AS
PRIMARY SUPPLY

PAYLOAD CARRIER
E Ry 3 PLATFOR:)

REFILL LINE
ms/Q

N resuppLY OR N 2MD-YEAR
REPLACEMENT TANK RESUPPLY TANKS
RESUPPLY OPTIONS (ANNUAL)
®  REPLACE SIRTF SCHE TANK AND
PLATFOR:A CRYOGEN TANKS
RESUPPLY OPTIONS {SEMIANNUAL) e  (N-ORBIT NEFILL OF SIRTF SCHE TANK
DIRECTLY FNOLI ORJITER AND
®  REPLACF SINTF SCHE TANK REPLACE PLATFORRI CRYOGEN TANKS
e INORB'V REFILL DIRECTLY o  H-URBIT REFILL OF SIRTF SCHE TANK
FROM ORBITER THROUGH PLATFORA CRYOGEN TANKS
AID NEPLACE PLATFOR CRYOGEN
TANKS

Figure 4.6.5-1 Supercritical Helium Resupply for SIRTF Free Flyer
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Another and perhaps more desirable approach for many reasons, is to have the

payload self-provide cryogenics on attached pallets. These conceivably

could be replaced as shown conceptually in Figures 4.6.5-2, 4.6.5-3, and 4.6.5-4.

¢ 90-Day Cryogenic Helium
. Supply (6 Tanks)
¢ Sortie Mission SIRTF
Contiguration .
s Articulated Boom for
‘Tank Exchange
¢ Three Integrated
Pallets Launch Support

L

Figure 4.6.5-2 SIRTF Cryogenic Tank Automated
Exchange Provisions (A)
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.+ © 90-Day Cryogenic Helium Supply (6 Tanks)
. =* 30 Days Between Exchange Cycles
. ® Replacement Tanks and Exchange Provisions Mounted on
Halt Pallet
. © Sortle Mission SIRTF Contiguration

- —- -- el 'HTH H-] L LE

SN

Tnck\

Figure 4.6.5-3 SIRTF Cryogenic Tank Automated
Exchange Provisions (B)

* 90-Day Cryogenic Helium Supply

® 15 Days per Tank (Spaceiab Size)

* Automated Tank Transfer Provisions Are an Integral
Feature of the Platform

Figure 4.6.5-4 SIRTF Cryogenic Tank
Transfer Provision
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4.6.6 "Common" Platform Mounted Tank Size Trade

The tank size trade is based on the four data points available. HEAQ-B

and IRAS are related data included to provide additional information. The

goals of the trade are to resupply a payload once a year and the tank sized

to be transportable in the Orbiter and installable on the platform structure
without interference. The optimum size appears to be a 1.5 m tank (1650 liters).
As shown in Figure 4.6.6-1, SIRTF will require 16 tanks for resupply but this

is probably the upper end of the cryogen requirements. Most of the payloads

will require one to three tanks.

g
4
H

e TO DETERMINE OPTIMUM TANK SIZE TO SATISFY MANY USERS

o RESUPPLY TWO TO FOUR YIMES A YEAR
e SIZED 7O BE: TRANSPORTABLE IN THE ORBITER, MODULARLY APPLICABLE TO MANY USERS, AND
INSTALLED ON THE PLATFORM STRUCTURE Wil MINIMAL INTERFERENCE

OPTIONS

o  USE SAME TANK AS PAYLOAD
® USE NEw BROAD-USE TANK

/
g
g

e  SPHERICAL TANK WITH 150 mm ALLOWED FOR MULTILAYER INSULATION AND VAPOR-COOLED SHIELD
| vanx size anp numBen TRAOE | | seLecTeo concert |

CRYOGEN REQUIRED TANK  NUMBER ) o ONE LARGE TANK FOR HEAVY USERS
FOUR TIMES A YEAR 0.D. OF
PAYLOAD {LITERS) im)__TANKS @ SEVERAL SMALL TANKS FOR OTHERS
AST 250 SFHE 09 1 © LARGE TANK WiLL PROBABLY BE
08 2 CYLINDRICAL TO MINIMIZE DIAMETER
SIRTF 4930 SCHE 23 1 AND MAXIMIZE USE OF LENGTH
(FREE-FLYER) : : g ALONG PLATFORM ARM
15 4
MEADS8* 750 LHE 13 1
10 2
IRAS® 135 SFHE 08 1 J

*RELATED DATA

Figure 4.6.6-1 Tank Size Trade
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4.6.7 Tank Replacement vs Tank Refill (See Figure 4.6.7-1)

Resupply by the tank refill method is the desirable method since it is
applicable to ...2 passive (with difficulty) and open-loop coolant circulation
cooling concepts for any type of cryogen. To transfer LHe based on available
or developing technology requires a settling force (i.e., propulsion force

with reboost module or Orbiter). But the relatively long times required for

O
&
&
&
\“'A»aoacu ADVANTAGES DISADVANTAGES
r TANK REPLACEMENT J o NO IN ORBIT CRVOGEN TRANSFER o POSSIBLE EVA SUPPORT
(FROM SHUTTLE OR o MINIMUM CHILLDOWN LOSSES o DISTURBS EXPERIMENT COOLING
L
PLATFORM MOUNT! 0 O\NCK-DISCONNECY LEAKAGE FOR
ENTIRE MISSION {COULD BE
CONTAINED AND USED)
o PASSIVE COOLING CONCEPT
POSSIBLE BUT WITH DIFFICULTY
TANK REFILL 0 MAXIMUM TOPPING o TRANSFER SYSTEM REQUIRED
({CRYOGEN TRANSFER
THROUGH TANKS o MINIMAL EVA SUPPORY o LARGE RESIDUAL FOR
ATTACHED T0 SUPERCRITICAL FLUID TRANSFER
[ INTERFACE AT PLATFORM
FLATRORM) ¢ o SETTLING FORCE REQUIRED FOR
o POSSIBLE CONTINGENCY SUBCRITICAL HELIUM TRANSFER
RESERVE
o CHILLOOWN LOSSES
© QUICK DISCONNECT LEAKAGE
ONLY DURING TRANSFER
0 SUBCRITICAL FLUID TRANSFER
WITH PASSIVE SCREEN DEVICE
FOR FLUIOS OTHER THAN
HELIUM

Figure 4.6.7-1 Tank Replacement vs Tank Refill

transfer line chilldown and fluid transfer is unacceptable from a propellant
usage standpoint. NASA LeRC is currently developing a low-g experiment using
a passive screen device to transfer LHé and this concept should be applicable
to all cryogens except helium which probably presents a more severe
environment that requires testing and development. The transfer of super-
critical fluids either by energy addition or depressurization would result

in large residuals and heavy tanks. Therefore, the tank replacement concept

is the most feasible method that is applicable to all cryogen types and state.
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If the payload requires cooling in the subcritical fluid range for cryogens
other than helium, thus requiring the passive cooling concept, then an in-orbit

refill using passive screen device to accomplish the transfer can be used.

4.6.8 Tank Refill Analyses (See Figure 4.6.8-1)

The two major issues relating to the tank refill concept for cryogen resupply
relates to (1) large residual for supercritical fluid transfer, and (2) time
for settling force for subcritical fluid transfer. Therefore, these analyses

were done to address these issues.

o
: = SIRTF THAEE MONTH SUPPLY TOTAL AVANLABLE
g SUPE v Tek
> 3 20,000 r‘ HELIUM 100 --“E- - TmE
- TRANSFER
5 15000
w w
oh 10000 |- SMONTH SUPPLY
W OF SUPERCRITICAL
%5 5000 [ NEPLACEMENT TANK (REFI 10 HELIUM FOR SIRTF
g.- vy x 2 1 ¥ T 7 J E
& ° R U W S z
w 0 1000 2000 3,000 -
INITIAL TANK PRESSURE (PSIA) ;_
-—n G gED GRS D a
REBOOST TIME
0.3 ASSUMING
12 REBOOSTS PER YEAR
rave 3 JMONTH SUPPLY
CMG MANEUVER 7O SMONTH SUPhL
REBOOST MODULE = . HELIUM FOR AST-
ORBITER OMS (=] 001 ' ' ) ' ’ )
— 0 V2 Y w2 2 2v2 3
ORBITEHN ACS LINESIZE UN)
ORBITER VCS = , 1
104 w3 107 10! AVAILABLE REBOOST
ACCELERATION (G) TIME = 1.8 HOURS TOTAL

Figure 4.6.8-1 Tank Refill Analyses

Supercritical fluid can be transferred either by (1) energy addition, or

(2) depressurization. The energy addition method means that the transferred
fluid will be increasing in temperature during the transfer period thus
limiting the available temperature regime. The transfer method results in
an extremely heavy resupply system (see the figure). Therefore, it is not

feasible to refill a tank from a supevcritical fluid source.
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Subcritical fluid transfer requires a settling force to properly orient the
fluid/vapor interface due to the unavailability of a completely passive
transfer system. The expected acceleration environment indicates that only
the reboost module and Orbiter OMS and RCS can provide the forces required

to overcome the random CMG maneuver torque. The total available burn time
for the reboost module is approximately 1.8 hours, to be divided over a year.
The burn time available from the Orbiter is probably a few seconds. The
accompanying chart illustrates the transfer time required as a function of
SIRTF and SST-1 transfer line size three-month cryogen requirements. This does
not account for the time required for initial settling and chilldown. For

a large user like the three-month SIRTF mission, the resupply time is greater
than reboost module capability for each reboost for lines as large as two
inches. For much smaller users (i.e., AST-1) the transfer time is not as
formidable but it is still an undesirable consum :ion. Furthermore, the
resupply tanks must be orierted to utilize the reboost acceleration and the

resupply tanks must remain with the Platform until the next resupply mission.

4.6.9 Replacement Tank Location Trade

Figure 4.6.9-1 1ists the advantages and disadvantages of the three potential
tank locations. Because of the current lack of definition cf payload cryogen
requirements, design of their tanks and the general difficulty in transferring
cryogens in orbit, we conclude that the payloads will be best served by
providing payload-mounted or payload pallet-mounted tasks with a reloading

approach as shown in Figure 4.6.5-2.
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LOCATION
{INTERFACE)

ADVANTAGES

OISADVANTAGES

PAYLOAD

© SHORTEST YRANSFER LINE

* MINIMUM PARASITIC HEAT LOAD

® FULLY INTEGRATED PACKAGE

o LEAST DISTURBANCE TO PAYLOAD

© INTERFACE AT PAYLOAD

o EVA SUPPORT

® SIX-MONTH SIRTF MISSION CANNOT 8E ACCOMMODATED
(IPS OVERLOAD)

PALLET

v

o TANK REPLACEMENT BY RMS WITH
MiNIMAL EVA SUPPORT
© MINIMAL DISTURBANCE TO PAYLOAD

o DEDICATED VOLUME ON PALLET

© TRANSFER LINE REQUIRES CFFECTIVE INSULATION

o CANNOT TRANSFER SUBCRITICAL HELIUM

o REQUIRES SMALL SUPPLY FOR GROUND TO ORBITY
COOLING

PLATFORM

o TANK REPLACEMENT BY AMS WITH
MINIMAL EVA SUPPORT

o MINIMAL DISTURBANCE TO PAYLOAD

o SUBSTANTIAL AND FLEXIBLE
COOLING CAPACITY

© MAXIMIZE USE OF PLATFORM SPACE

 TRANSFER LINE CAN BE EFFECTIVELY
INSULATED

o TRANSFER LINE REQUIRES EFSECTIVE INSULATION

o CANNOT TRANSFER SUBCRITICAL HELIUM

o REQUIRES SMALL SUPPLY FOR GROUND TO ORBIT
COOUING

Figure 4.6.9-1 Replacement Tank Location Trade

4.7 POWER SUBSYSTEM TRADES AND ANALYSIS

Selected areas of the power distribution system were analyzed in detail to

support specific trades and to develop background information for use in

defining unique interfaces and design approaches.

4.7.1

Requirements Summary

Trades and analyse. reported on in this section reflect the following require-

ments.

Circuit overcurrent protection,

Circuit connect/disconnect by remote control (includes deadfacing for

mate/demate operations).

Compatibility of connect/disconnect means with Power System Remote

Interface Unit (RIU) signal characteristics.

Flexibility for bus load assignments.

Selectable source bus redundancy.

Accommodation for growth with minimum scar.
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e Assured low impedance return path for fault currents.
e Power transfer across hinges and rotating joints with minimum complexity.
e Capability for supplying unusually high peak power demands in an

economical manner,

4.7.2 Important Factors and Considerations

Salient points driving the trades and analyses include:
e Oistribution system sizing to reflect good balance between capability
and complexity.
o Redunaancy requirements.
¢ Power System interface recommendations.
e Payload isolation from potential sources of electrical interference.
o State-of-the-art of specified components.

e Unusual load requirements.

4.7.3 MWork Accomplished

Trades were performed to select preferred methods of circuit protection and
switching, cross-armpower distribution design, and means for supplying peak/
pulse power loads. Analyses reported on include development of requirements
for an equipment gro. uing bus and sizing criteria, and details of trailirg
cable applications plus references to work done in this area on the Power

Extension Package program.

4.7.3.1 Circuit Protection and Switching

A1l platform primary power circuits (30V or 120V) are provided with overcurrent
protection by devices in thepr~itive circuit wire. Figure 4.7.3-1 shows six
options which provide the required overcurrent protection. Options A and C
utilize a single series fuse. Options B and D add a switchable redundant

fuse. Options E and F combine overcurrent prctection and circuit switching
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A%— A\ _p—>> FuUse
1

Y f—-—:\\:}—o FUSE PLL'S SWITCHABLE REDUNDANT FUSE
i

+__.l - POWER RELAY/CONTACTOR (MAGNETICALLY
¢ ’\’ > v LATCHED) PLUS FUSE

° POWER RELAV/CONTACTOR PLUS FUSE
| :::::: t::] > PLUS SWITCHABLE REDUNDANT FUSE
|
€ REMOTE POWER CONTROLLER (SOLID STATE}
REMOTE CONTROL CIRCUIT BREAKER
£ ¢ [~ ccs | > Vv (MAGNETICALLY LATCHED)

PREFERRED

Figure 4.7.3-1 Platform Power Circuit
Protection/Switching Options
in a single device. Separate devices (power relay or contactor) are employed
for circuit switching in Options C and D. Primary circuit switching is not
provided in Options A or B. Since positive remote disconnect capability is

required, both of these _chemes must be eliminated.

As noted in the figure, Options C and F are the preferred designs. The
(remotely controlled) switching device in each case is magnetically latched
which eliminates the need for continuous holding power in either the latched
or unlatched state. A 28 VDC command pulse of specified duration is required
to drive these switches from one state to the other (open to closed; closed

to open). The other switching device (E), Remote Power Controller (RPC) is a
solid state switch. This device requires multiple low voltage control signals
versus the single level 28V commands for the electromechanical switching
elements in the preferred types. In addition, there is a minimum leakage
current with the solid state RPC, wher -, the circuit is physically opened by

the contacts in either of the preferred units If ~ » pu.bers of RPC's are
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used, it can be difficult to maintain circuit isolation levels within normally
specified limits. In the “on" concition, the RPC solid state switch is driven
to saturation. The voltage drop across the switch is greater than that across
mechanical contacts so an additional loss is incurred over and above the finite

control power loss.

In general, RCCB's (F) are preferred over power relays/contactors (C) for non-
redundant circuits since they offer reclosure capabilities a¥fter tripping.
For redundant applications, power relays are more economical. Both types
readily accommodate auxiliary contacts which is another advantage over RP(C's.
In the 25 kW Power System reference concept, Remote Interface Units (RIU)
supply all discrete commands. The baseline RIU outputs a +28 volt pulse
supplying a maximum of 200 milliamperes for a nominal 6 milliseconds. The

6 millisecond pulse duration is too short to operate most power relays and
RCCB's. In some cases, the 200 milliampere output does not provide the
required drive. For devices which require less than 200 milliamperes to
actuate "pulse stretching” of the 28V discrete command can be employed to
provide sufficient duration to latch or unlatch as needed. An alternate
approach is to use drivers which latch/unlatch in less than 6 milliseconds to
apply 28V control power directly to power relays/RCCB's equipped with throat

cutting (self interrupting) actuating coil circuits.

Power relays/contactors suitable for the intended operation are available

with high current ratings at 28 VDC. RCCB's are also available although at
lower current ratings. Devices rated at 120 VDC for space applications are
not generally nor readily available; however, the technology base exists with
components used in commercial and industrial power systems. It is recommended
that development of the required higher voltage devices be supported as

needed to assure timely availability for use in the 25 kW Power System/SASP

and related programs. 199



4.7.3.2 Cross-Arm 30 VDC Power Distribution

The design for distribution of 30V power on the Second Order Platform cross-
arms should achieve good balance between isolation of payload circuits from
transient sources, switching complexity, wiring complexity, flexibility, and
scar penalty to accommodate an extension cross-arm "kit". A scheme which
achieves minimum complexity with minimum scar is shown in Figure 4.7.3-2.

Scar circuits are indicated by the darkened protectic/switching device boxes.
The payload element (experiment) circuits to both berthing ports on the cross-
arm, share a conmon feeder. All subsystem circuits also share a compon feeder.
The merits of this scheme therefore, depend on each of the loads connected to

a common bus being relatively insensitive to transients producad by the others.

TOPAYLOAD CROSSARW YO PAYLOAD

NO.2BERATH 30 VOC DISTRIBUTOR _ NO. 1 BERTM
———— e —— -
et PAYLOAD ELEMENT —~
Ll O——b—e POINTING AND PAVLOAD SUBSVSTEM
+C D—-}—o TV CAMERA
-0~ —0———% VIEWING LIGHT
PRLIEP AL
—0O 0—1—0
"T'{i" CF‘T"'}ununnnuxnmsmammnmw1
! )
G} am  aereny 4
L 5 oL UMBILICAL DRIVES (REDUNDANT)
¥ SCAR CIRCUITS TO ACCOMMODATE FUTURE
PROTECTION/ _——te b — _2“2“.52;ﬂ EXTENSION KIT DISTRIBUTOR
DEVICE mchu‘—F.'r? j Y_‘, 0
FROM TO TRAIL ARM
25 'W
. SUPPORT MODULE
SvSTEM Y P VOC OISTRBITOR
|_goevevgeeel
momese, (
DISTRIBUTOR - - \m
o MINIMUM SCAR PENALTY * MINIMUM WIRING
FOUR SCAR CIRCUITS o SWITCHABLE BUS %’é,o%nhﬁ)sl\sh?gv“
* MINIMUM ISOLATION OF o MAXIMUM RATED F ~JTECTION/
PAYLOAD CIRCUITS SWITCHING DEVICESICABLE CIRCUITS

Figure 4.7.3-C Crossarm 30 VDC Power Distribution Scheme A



Switching provisions in the Support Module (SM) distributor permits selection
of either of two source buses for each feeder. However, loss uf a single
feeder either terminates or curtails experiment activity at both of the cross-
arm ports. A common feature to each of the schemes considered in this trade
is the use of a redundantly supplied auxiliary bus for the SM s:ubsystem loads.
In addition, certain subsystem loads are in themselves, redundant, e.g.,
actuators, TCS pumps and inverters. As also noted, redundant circuits are
provided for platform cross-arm subsystem redundant actuators and drives

which are critical for docking/undocking, but are inactive at all other times.

Figure 4.7.3-3 shows a second scheme which is essentially the antithesis of

the first. It offers maximum isolation and flexibility for all payload
circuits (experiments, pointing, and subsystems), but at the expense of maximum
scar penalty and complexity. In this scheme 1loss of a single feeder affects
activities only at the associated payload berth. Expansion to accommodate an
extension cross-arm kit is by plugging into the scar payload circuits and

scar platform subsystem circuits taken to the interface umbilical at the

outboard end of the cross-arm.

A third scheme which is a simple variation of the second, combines payload
pointing and subsystem circuits on a common feeder, but with separate feeders
to each payload port, as shuown in Figure 4.7.3-4. This system retains full
isolation for all payload elements while reducing scar penalty as well as

active equipment parts count.

Further simplification is achieved without compromising payload circuit isolation/
flexibility by the scheme shown in Figure 4.7.5-5. This is the preferred
scheme for cross-arm 30 VDC power distribution. The use of radial feeders

to the individual payload elements is retained. A normally open contactor is
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Figurc 4.7.3-3 Crossarm 30 VIC Power Distribution Schemc B
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Figure 4.7.3-4 Crossarm 30 VDC Power Distribution Scheme C
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Figure 4.7.3-5 Crossarm 30 VOC Power Distribution
Scheme D v Preferred
added between the buses in the pointing and subsystems distributor to permit
supplying all distributor loads, as required, for the loss of either feeder
from the SM distributor. The contactor and feeder circuits are sized

accordingly.

Compared to the first scheme (Figure 4.7.3-2), the advantages of this approach
are that it (1) provides maximum isolation between payload elements for both
the basic and extended second order platforms, (2) maintains isolation between
payload subsystems, (3) offers higher indicated reliability, and (4) offers
lower or comparable system cost. The disadvantages are (1) higher scar
weight, (2) increased overall cable weight, and (3) increased number of
trailing cable installations to cross rotating/hinged joints. The total

number of cables may be reduced, however, due to routing payload element
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circuits directly to the berthing port umbilicals instead of via cross-arm

distributor.

4.7.3.3 Cross-Arm 120 VDC Power Distribution

Power distribution at 120 VDC is provided as a high efficiency alternative to

distribution at 30 VDC. It is offered as an option for payload elements only.
It is attractive for large bulk power usage (e.g., furnaces) or where a higher

degree of isolation is required than can be economically provided at 30 VDC.

To present potential users with the same basic flexibility afforded by the

bus switching schemes in the 30 VDC systems just discussed, a third 120V bus

is added at the Power System platform interface. The 25 kW Power System reference
concept includes three 120V regulators for the baseline two-bus 120V system.

The proposed three-bus system would dedicate a regulator to each bus thereby
providing for isolated operation where required. Each 120V payload element
circuit could be switched to one of two buses in the SM 120V distributor

just as the 30V payload circuits are in the SM 30V distributor. A comparison

o° the two-bus system with the three-bus system is summarized in Figure 4.7.3-6.
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NO.2B8ERTH NO. 1BERTH ELEMENT ELEMENT
——— | e ] .._.._ _.__.._.[._.._J
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o | )
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SVSTEM \ 120V 120V _ (

.
|
.
1—}—0—4
"\/\/
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MODULE ——— -
120V /'

DISTRIBUTOR (TYP)

| Two 120 voces 1F's | vs | TMREE 120 VDC PS 1/F'S | 7 PREFERRED
 REFERENCF PS BASELINE ® GREATER DISTRIBUTION FLEXIBILITY
® LOWER COST ® INCREASED SWITCHING ON PLATFORM
* RESTRICTS DISTRIBUTION ® ADDS 1/F CIRCUIT FROM PS

FLEXIBILITY TO PAYLOADS ® MAXIMUM ISOLATION FROM TRANSIENTS

Figure 4.7.3-6 Crossarm 120 VDC Payload Power Distribution
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4.7.3.4 Equipment Ground Bus

An equipment ground bus is carried throughout the Platform from the berthing
port umbilical to the Power System interface. This provides a controlled low
impedance path for equipment primary power fault currents and assures proper
operation of fault clearing devices such as fuses and circuit breakers. The
required low impedance is normally provided by continuous metallic structure
properly bonded at all joints. However, the baseline platform structure uses
a composite graphite/epoxy structure for the standoff, cross-arms, mini-arms
and trail arm. Only the support module is metal (aluminum). The high
resistivity of composite (laminated) graphite/epoxy precludes use of the
platform structure as a fault current return path. Therefore, dedicated

conductors sized to meet equipment ground bus requirements are provided.

4.7.3.5 Trailing Cables

Superflex wire is employed where trailing cables are used to cross hinges,
+90° and +180° rotating joints, and as stowed/deployable cable in extendable
platform sections. It will be used wherever significant slack is required
and/or wire bend radius must be kept low. The necessary flexibility will be
provided by controlling wire stranding and lay (similar to welding cable),
and specifying wire insulation/jacketing to achieve required flexure properties
compatible with outgassing, abrasion resistance and other constraints. This
approach was taken by MDAC for power transfer across articulated joints on
the Orbiter Remote Manipulator System (RMS) for the Power Extension Package
(PEP) application. Meckup testing to establish feasibility of this concept
was conducted by SPAR of Canada, the RMS contractor.
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4.7.3.6 Approaches to Supplying Peak/Pulse Power Loads
Th2 platform distribution system will accommodate individual payload element
Changed to 30 for Final Briefing.
peak power requirements up to 6=9-kW. Available payload data has indicated
relatively few requirements for peak power greater than this level before
50 '

taking quantum jumps to 85 kW and higher.

For most applications, Approach A in Figure 4.7.3-7 is adequate. Peak power
-up-%o-swg-ku-is)supp]ied directly to the payload element at either 120 VDC (24 kW)

(30 kW).

or 30 VDC, Considerably more power could be supplied for short durations by

SUPPORT MODULE
c POWER DISTRIBUTOR
A ) (TYPICAL)
PLATFORM «—-» PAYLOAD |
: : PAYLOAD.
: > CHG ELEMENT
) = (TYPICAL)
L i L | T
8) | 0) |
CHG CHG
/i F ik
FROM PLATFORM ' .
' . CAPACITORS ;
SUPPORT MODULE '
OYPICAL) (AS REQUIRED)

POWER CAPABILITY IN WATTS AT
REGULATED 120 VDC OR 30 VDC
CONTINUOUS PEAK

4600 6300

Figure 4.7.3-7 Approaches to Supplying Peak/Pulse Power Loads

making modifications to the Power System and platform systems. The peak power
that can be drawn by the loads is constrained by Power System regulatorlcﬂarger
limitations and distribution system canacity even though the Power System
array/battery source itself is capable of supplying more power. To take

better advantage of the Power System source capability, additional regulators
would have to be added together with .ncreased Power System and platform

distribution capacity. This would allow the total demand to increase up to
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the next limit which is set by the chargers, assuming distribution capacity

is increased as required. The peak duration would be limited by array/battery
charge/discharge energy balance requirements. As an altermative to adding
regulators, options such as bypassing the regulators and/or adding peaking

batteries at the load, should be considered.

Bypassing the 120V regulators offers greater increases in peaking capapilities
with less penalty than bypassing the 30 V regulators. This approach requires
that the load be capable of operating over the wider voltage range set by
battery charge/discharge voltage limits, and that the distribution system be
capable of handling the increased power flow. The implication of this approach
is that it would be best suited for a special single high peak demand user and
that a dedicated unregulated bus would be provided uniquely for this application.
To avoid significantly impacting both the Power System and platform design

for unique peaking ap.iications, peaking batteries can be added at the load

as shown by Approach B in Figure 4.7.3-7,

Approach B utilizes platform power capability to charge a peaking battery
provided by the payload. This arrangement gives maximum flexibility to the
user. It allows scheduling combinations of high peak power - short duration
loads, lower peak power - longer duration loads, and/or pulse power loads at
user specified voltage levels, limited only be definable platform charging

power constraints between battery discharges.

A variai.ion of this arrangement is given by Approach C where the charger is
located on the Platform instead of with the load. Approach C can provide the
features in B if the charger is user provided or specified, but introduces
new interface requirements and possible additional cost for experiment

integration.
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Approach D on Figure 4.7.3-7 also can provide the features in B, but at t'e
expense of compounding interface control requirements and user integration

costs relative to C. In addition, if the load demands pulsed power and the
leading edges of the pulses are steeper than the battery can supply, compensating
capacitors may be required in the payload. This further complicates the
interface by requiring control of the dynamic impedance presented to the

payload by the charger, battery, and interconnecting power lines.

The preferred method of supplying peak/pulse power to payload elements
24-30

demanding more than 6=9 kW is shown in Approach B (Fiaure 4.7.3-7).

4.7.4 Conclusions and Comments

This section reported on work accomplished in the following areas:

1. Circuit protection and switching
Cross-arm 30 VDC power distribution
Cross-arm 120 VDC power distribution
Equipment ground bus

Trailing cables

o (3, L) w N
. . . . .

Approaches to supplying peak/pulse power loads

Conclusions reached in each area are summarized below:

e Use (a) latching power relays/contactors in series with fuses, and
(b) Remote Control Circuit Breakers (RCCB's).

e Use radial circuits from support module distributors to supply payload
elements (experiments) at either/both 30 VDC and 120 VDC. Supply all
other payload and cross-arm support equipment circuits from cross-arm

30 VDC distributor.
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e Carry an equipment ground bus throughout the Platform to provide the
required low impedance return path for fault currents.

o Use superflex wire for trailing cable applications at hinges, joints,
and in deployable structure sections.

e Use payload provided peaking batteries for payload element peaks greater
than~é§%-kw at cross-arm berthing ports. At ail other ports, provide
for peaks up to Power System capability.

4.8 MECHANICAL DESIGN TRADES
Mechanical design trades were performed on the First Order Platform to selcct

a method of berthing the pallets to the Power System.

Trades on the Second Order Platform lead to the selection of designs for arms
and support modules. These designs then formed the basis for synthesizing

mechanical subsystems which consisted of various arrangements of arm concepts
and support modules. A tolerance comparison and a launch configuration trade

provided the data for selecting a recommended design.

4.8.1 Requirements Summary

Requirements for the design of mechanical subsystems are summarized in Table 4.8-1.

4.8.2 Important Factors and Considerations

The mechanical subsystem interfaces with nearly ail other flights hardware
elements including Power System, payloads, Orbiter, and platform subsystems.

As such, interface compatibility with these other elements is a prime considera-
tion in the design. From a geometric standpoint, adequate separation of the
elements must be maintained with adequate clearance for moving surfaces.

This is especially true in the case between the Power System arrays and

platform and payload surfaces. Also, clearances between payloads and between

209



payloads and platform surfaces, must be adequate. Upon Orbiter docking, the

design must maintain adequate envelopes for the Orbiter.

o Provide berthing and adequate separation dbetween payloads and
paylosds and Power System.

o Accessibility for on-orbit servicing and maintenance.

o Provide routing for services between Orditer, Power Systes and
payloads.

o Capability t be packaged in Orditer bay for launch.

o Enable payloads to be berthed from Orditer.

o Minimize on-ordit assendly.

o Hinimize weight and cost.

o Accommodate platform subsystee hardware.

e Provide +180° rotation capadi:ity for cross-ame.

o Provide continyous rotation of tratl amm.

o Flexibility to accommodate a1l candidate configurations.

o Payload orientation tolerance dbetween payload and Power iyster
should be minimized.

o Radiator ares myst be provided on non-deployed platforr srm.

Table 4.8.1-1 P quirements Summary

Orbiter compatibility is a prime consideration regarding bay envelope and
environment, The launch package must fit within the allowable geometry and
must withstand the bay environment. Once on-orbit, the deployment operation

requirements must be within RMS operational limits,

4.8.3 Work Accomplished

A brief description of mechanical design trades is given below.

4.8.3.1 First Order Platform Payload Berth

Two basic approaches were considered for supporting payload pallets on the
First Order Platform. The simplist method modifies the pallet by installing
attachment hardware so the pallet can be berthed directly to the Power System,
This approach, shown as Concepts A and B in Figure 4.8.3-1, is low-cost but
can use up Orbiter bay volume and is Timited in viewing capability.
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Figure 4.8.3-1 First-Urder Platform Pailet
Support Concepts
The second approach to rcllet mounting provides a simple berth arm which is
permanently attached to the Fower System, see concepts C and D in Figure
4.8.3-1. Pallets with bottom-mounting provisions are mounted on the berth

arm which can be indexed to give flexible viewing capability.

Figure 4.8.3-2 shows a wide range of options for the berth arm which vary in
complexity, specifically, indexing position design and degree of remote
automation. Concept 4 was chosen because a high degree of automated indexing

is obtained with a small increase in cost.

The selected approach has three identical structural configuration arms
except for the rotational features. The +X and -Y rotates clockwise and the

+Y arm rotates counter clockwise looking outboard froii the Power System.
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Figure 4.8.3-2 First-Order Platform Payload Berth

4.8.3.2 First Order Platform Pallet Support Concepts

Several alternates were considered for mounting of payload pallets to the
Power System docking ports. These alternates plus pros and cons are shown
in Figure 4.8.3-3. Bottom mounting of the pallets is recommended to maintain
continuity from first order to second order platform design, to avoid loss
of payload bay usable length and to minimize dead-ended hardware development.
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Figure 4.8.3-3 Pallet Docking Options First Order Platform
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4.8.3.3 Second Order Platform Arm Design

This trade compared various platform deployable arm design concepts, shown
in Figure 4.8.3-4 from a mechanisms standpoint. The concepts were compared
based on complexity, packaging efficiency, rigidity and reliability.
Results of this comparison are shown in Figure 4.8.3-5. This preliminary
study indicates that the folding arm and the expandable truss concept best
satisfies these conditions. The best feature of each configuration will be

considered in the final structural configuration.

© GROUND CONSTRUCTED TRAPEZOIDAL BOX
APPROACHES

{ALL BUT ® DESIGNED
IN RECENT PLATFORM
STUDY CONTRACT)

» SPACE CONSTRUCTED
— ERECTABLE MODULES
— EVA ASSEMBLED
® SPACE DEPLOYED

o GROUND-CONSTR
nstC - FOLDED TRUSS QUTRIGGER BEAM
EXPANOABLE TRUSS® S ADLE TRUSS SADD

~ TELESCOPING TRUSS

?9 ® GROUND CONSTRUCTED
Q“‘? ~ ROTATABLE MODULES .
-~ FOLDED MODULES
~ FOLDABLE CLAW ARM ]
o SPACE UN

® SPACE DEPLOYED-TELESCUPING TRUSS CARGO BAY a'e”:‘l.?cu-

Figure 4.8.3-4 MDAC Structural Buildup Concepts
Plus MSFC's = Broad Starting Base
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Figure 4.8.3-5 Preliminary Estimates of Mechanism Compliexity,
Reliability, Rigidity and Packaging
A trade study was performed on the various concepts for compaction ratio.
(See Figure 4.8.3-6.) The MDAC telefold expandable compaction ratio of 9.5:1
was the most compact for stowage and was a very promising concept based on
high compaction ratio, ease of line routing, minimal thermal distortion,

limited number of joints, and low weight.

The basic module is comprised of two berthing ports approximately 20 ft on
center; each concept was reviewed for its compaction characteristics.

The maximum compaction ratio of 9.5:1 was accomplished with the MDAC telefold
expandable concept, each concept has its unique features. The ideal concept
will be expandable arm type with a structural configuration that will meet
rigidity, reliability, and thermal distortion requirements. Based on these
requirements, the MDAC telefold and screw expandable concept is the emerging

concept.
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Figure 4.8.3-6 Platform Arm Compaction Comparison

The first quarterly study showed various arm concepts as shown in Figure 4.8.3-7.
These concepts were reviewed and narrowed down to three; fixed, telefold
expandable, and sector drive expandable. Cost, reliability, serviceability,

compaction, and stiffness were the criteria used to compare concepts.

The all fixed truss concept was not selected due to greater dynamic deflection
because of a smaller moment of inertia for a design which was compatible

with the launch envelope. The fixed truss also had a shorter distance between
the payloads. The sector drive was not selected due to higher cost, weight

complexity, lower reliability, and greater free play.

The selection criteria shown in Figure 4.8.3-5 indicated that the combination
of a fixed and the telefold expandable was very desirable. Figure 4.8.3-8

illustrates this approach.
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Figure 4.8.3-8 2nd Order SASP Structural Configuration
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The application of fixed and expandable elements depends on the configuration.
For the cross-arm configuration, fixed truss was selected for standoff and
inner truss on cross-arm and telefold expandable is used for outer truss on the
cross-arms. For T-bar trail arm configuration, the cross-arm, standoff, and
support module are identical to the cross-arm concept. The trail arm on this
configuration is fixed and the outer truss is telefold expandable. The trail
arm configuration uses the same support module as the T-bar trail arm configura-
tion except the cross-arms are deloted and the trail arm consists of fixed
truss (radiators mounted) and telefold expandable truss for the outer two

trusses.

4.8.3.4 Second Order Platform Tolerance Study

A tolerance study was performed to determine variations that can occur
between the Power System and palle® interface due to platform effects of
free play, manufacturing and assembly, thermal distortion and rotational
indexing. Various combinations of fixed and expandable truss concepts were
analyzed for the cross-arm configuration as shown in Figure 4.8.3-9. Table

4.8.3-1 gives the criteria and assumptions used in the study.

In reviewing the compiled results, it is evident that the total error in yaw
and roll falls within 3 to 6 arc min. The pitch error is high, but this was
due to selecting 12 arc min. on the peinting error. This error can be reduced
much lower if the experiments without IPS has lower error requirements, but

this will increase the cost of the rotational system.

Results showed that for the various combinations of fixed and expandable truss
concepts, the error is relatively small. Concept "E" had the smallest overall
tolerance but did not meet the spacing criteria due to compaction requirements
for launch. The total SASP accuracies will be summarized in the Attitude

Control section.
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Figure 4.8.3-9 2nd Order SASP Cross Arm Configuration

Tolerance Study

CRITERIA & ASSUMPTIONS

o Structural Configuration Foldable for Launch In
(145 FT Dia X 44 Ft Lg)

o All Fixed Structure SASP to be Foldable and
Assemblable by RMS & Packaged in (1) Launch

e Structure Matl
— Graphite Epoxy Composite

e Thermal Conditions (Vehicle Attitude
(X-POP: Y—PSL)

e Pinned Joint Clearances 0.002 in. Max.
(For folding and Deployable Structure)

o Rss all Tolerances
e Controlled Assy & Mig Tolerances for Ease of Fab
o Rotational Joint + 180°

Table 4.8.3-1 SASP Cross Arm Configuration
Tolerance Study
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Figure 4.3.2-10 shows the tolerance study results for the second order trail
arm concept. This configuration was also analyzed for mechanical error caused
by manufacturing and free play. These errors are similar to the cross-arm

configuration and are not a significant contributor to the overall accuracy.
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Figure 4.8.3-10 2nd Order SASP Trailing Arm Concept
Free Play & Tolerance Study
4.8.3.5 Arm Truss Launch Packaging
Figures 4.8.3-11, 4.8.3-12, and 4.8.3-13 show various options for storage of
the SASP. The basic concept shown in Figure 4.8.3-13 of stowing three trusses
in line was selected based on deployment reliability, simplicity of the

deployment mechanism, and no assembly requirement on orbit.

4.8.3.6 Second Order Expandable Structure Service Routing Concepts
Figure 4.8.3-14 shows various concepts of routing coolant lines and electrical

cabling through and expandable structure.
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There are many problems related to routing lines through deployable structures.
Various concepts were studied for their advantages and disadvantages.

Concept "A" will only have connections at each berthing port and the lines

and tubing will be looped and restrained in the stowed position. When the
truss is deployed, the lines will be automatically deployed and will have

free play to account for manufacturing tolerances, thermal expansion, and
contractions. The advantage of the convoluted tubing is that it is continuous

and requires no swivel joint.

Concept "B" utilizes two swivel joints, twc sections of steel tubing, and
one section of convoluted tubing for flexing between each expandable node
(approximately 8 feet expanded). The electricals are rou*ted in the similar

manner except will require two connectors/node.

Concept "C" requires three swivel joints and two steel tubes between each
node. Electrical cables can be the flat flexible type folded between each

node.

Concept "D" is a reel type for the electrical and fluid lines. The expandable
structure will deploy the services. Concept "A" was selected based on

minimum connections, minimum leak joints, maximum reliability, and lightweight.

Further study should be accomplished in this area, especially since the
deployable structure designs differ widely for various configurations, which

affects the routing.

4.8.3.7 Support Module Concept Trades
The Support Module is the central system of the unmanned platform which houses
the electronics, thermal control and avionics. Various concepts of the support

module were studied. (See Figure 4.8.3-15.)
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Figure 4.8.3-15 Support Module Concept Trades

Concept "A" has a fixed truss standoff between the Power System and support
module. This concept has *he two cross-arm folding concepts and also has a
port for the trailing arm concept. This concept is universal and can be used
for the cross-arm or the trail arm configuration. The standoff is required

for maintaining the radial clearance between the solar array and the experiment

<u the cross-arms for the selected payloads.

Concept "B" is attached directly to the Power System without any standoff.
The arms have to be assembled in orbit. The rotation feature is integral

with the main structure.

Concept "C" is also attached directly to the Power System. The rotational

and folding features are located in the cross-arms.
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Concept "D" has the equipment bay integral with each arm an¢ when the arms

are assembled in orbit, the equipment bay will be one unit.

Concept "A" was selected so that the cross-arm configuration would require
no assembly in orbit. This concept is fully auto-deployavle in orbit and is
totally checked out and assembled on the ground. The folding feature is used
for folding the cross-arms for launch compaction and is also used to rotate

arms in certain applications for loading and unloading payloads.

4.8.3.8 Payload Pallet Berthing Port Interface Trades

Various methods to interface the pallet to the SASP were studied, see

Figures 4.8.3-16 and 4.8.3-17.
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