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FOREWORD

This volume and Volume II (SSD 82-0121-2) describe the study activities
performed in support of the Part I study, "Development of Deployable
Structures for lLarge Space Platform Systems" (NAS8-34677).

Volume II contains the preliminary design drawings that support the
technical discussions provided herein.

This study contract was managed by Marshzll Space Flight Center (MSFC)
and was perfomed by the Space Operations/Integration and Satellite Systems
Division of Rockwell International Corporation, located at Seal Beach,
California. The study COR was Mr. Erich E. Engler. The study manager was
Mr. H. Stanley Greenberg.

The duration of this Part I study was nine months; the start date was
October 16, 1981. .

The major contributors to this study were as follows:

R. Hart (Lead)
B. Mahr
A. Perry
J. Keech

° Design

Stress Analysis - CG. Lesieuire

Thermal Analysis - T. Tysor

Materials Analysis - R. Long

Mass Properties - C, Griesinger

Electric Power/Data Management - A. Gordon
Electrical Utilities Integration - A. Le Fever
Guidarce and Control - R. Oglevie

Technology Development - A. M. Pope
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INTRODUCTION

During the next decade, a revolution in spacecraft design will occur,
resulting in large space platforms that will accommodate multiple payloads.
Cost savings to users will occur through sharing of spacecraft utilities, sase
of servicing, and the ability to change payloads. In addition, for
geosynchronous communication payloads, platforms will reduce the crowding of

this important orbital location.

The development of deployable platform systems is the icost significant
technology step in the direction of realizing these platform capabilities.
Although the Shuttle allows payloads with much larger dimensions than other
launch systems, the large dimensions of the platforms will, nevertheless,
require extensive structural deployment to package it within the orbiter.

Much of the previous industry effort in large structures concentrated on
orbital construction or erection. A recent Rockwell study, Space Construction
System Analysis Study (NAS9-15718), developed the detail necessary to
understand the difficulty of joining machine-made beams and integrating
spacecraft utilities in orbit from the Shuttle. These studiés pointed up the
difficulty of erecting or comstructing large platforms from the Shuttle.
Consequently, ground integraticfi of vtilities into a deployable structure was
selected by NASA as the first isgical approach to platforms. NASA/MSFC has
prepared a five-year plan to achieve technology readiness of deployable
platform systems by FY 1986. Phase I of that plan is td identify the one or
two moat suitable deployable platform systems (Part I) and establish all the
information necessary to plan and execute a follow-on-hardware development
test program (Part II). Cn October 16, 1981 Rockwell initiated the study
activities in support of Part I, with completion 9 months later - on

July 16, 1982. Sections 1 through 4 of this interim report describe the
pertinent study accomplishments for Part I.

Future mjassions such as the manned space platform requicre both pressurized and

unpressvrized volumes, respectively, for crew quarters and manned
laboraturies, and rwaintenance hangars. Deployable volume enclosures uan

minimize launch costs and enable use of volumes greater than those which can
be transported by the Space Shuttle orbiter. On April 16, 1982, Rockwell
initiated a 3-month add-on study of Deployable Volume Enclosures with the
objective of identifying generic concepts for manned habitats, tunnels and OTV
hargars. The accomplishments of that study are described in Section 5 of this
interim report.

During the course of this conceptual study, 31 drawings were completed. The
drawings are provided in a separate document, i.e., Volume II, SSD 82-0121-2,
August, 1982,
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DESIGN APPROACH

The design approach eaployed in this study of deployable platform systems is
developed to satisfly the objectives and guidelines as follows:

Objectives : _ -

-0 Developmerit and evaluation of generic deployable platform system

concepts pplicable to the focus mission LEO/GEO applications and
forosaeable applications for the 1990 to 2000 time period

o Establishment of a materials data base for structures and gtiliries
systems compatible with LEO/GEO applications

o Identification of the new technology development needs, schedules,
and costs

o Systematic/traceable selection of the one or two most suitable
generic concepts

Guidelines
o Automatic deployment -~ minimum EVA
o Platform system - not just a structure
o PY 1986 technology readiness - test-ﬁroven hardgara
o Generic - nnt a basepoint design

o Versatility - can be used to build spacecraft of different
configurations; "buildiug block" approach (self-contained mqﬁulos)

o Distinction between LEO and GEO designs

o adaptable for a wide range of payloads

0f the above, the guideline of automatic deployment was the major design
driver.

The en*ire concept development is directed toward automatic deployment of the
entire platform system without use of a construction fixture or EVA. This
approach is illustrated in Figure 1. The deplecyable platform system is
comprised of several building blocks which are preassembled before flight to
provide the defined spacecraft configuration. Each building block contains
the deployable truss; integrated power, data, and fluid lines; a main housing;
adapter; and deployment mechanization system. Attachments for payloads;
reaction control system (RCS) modules and docking ports are provided on the
main housings or adapters. The packaged platform system can be integrated
into the orbiter with a pallet that serves as a control system module and
contains batteries and telemetry, tracking, and command (TT&C) equipment. The
system can be removed from the orbiter by the remote manipulator system (RMS)
and placed on a handling and positioning aid (HAPA) or, depending on
configuration, size, and shape, utilize both RMS and HAPA during the initial
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deployment stages and during control system checkout. Subsequent to control
system checkout, the platforms can be translated away from the orbiter (100 to
200 meters) for completion of the automatic deployment phase.

- #

Suge /
TYPLCAL \
BULLDING
BLOCKS
«  BUILDING

ADAPTERS
f
- L \u’
STRUCTURAL
CONCEPTS
UTILITIES
INYEGRATION HOUS INGS MECHAN | ZATION

Figure 1. Deployable Platform Systems Concept
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A mejor factor in the atudy approach is the requirements. Unquestionably, the
regime of strength, stiffness, and utilities requirements is a major
consideration. The requ. uments are ext:iacted directly from the three focus
missions (Pigure 2, References 1, 2 and 3) ard supplemented by Rockwell
analysis and recognivion of other potential applications.

Focus Mission Configurations

5.9 " ROCKWELL
P COMM,

Figure 2. Focus and Misc2llaneous Configurations



The study approach was directed according to the study plan shown in Figure 3.
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Figure 3. Study Logic—Part I

SUMMARY
This section briefly summarizes the major study accomplishments.

Figure 4 summarizes the deployable platform system acccomplishments. In
Subtask 1.1, the strength, stiffness, electrical, and fluld utilities
requirements and additicnal requirement:s encompassing structural temperature
limits, guidance and control, pointing accuracy, and propulsion were
established. In Subtask 1.2, the generic configuration (to serve as a study
tool) consisting of linear members was configured depicting the platform
size,general arrangement, utilities distribution and docking ports. Also,
investigation of an area platform constructed in such a manner that plate
behavior is developed, resulted in termination of that concept for the reasons
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Figure <. Summary of Deployable Platform System Accomplishments
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delineated in Seation le2¢ In Subtaska 1.3 and l.4, eight candidate atructura
concepta with integration of utilitiew, and concepts for deployment
nechaniame, houwinge to contain the mechanisms and structure, and adaptera for
paylonds were developed.

ALl the goncepts were integrated into eight bullding-blook concepta. Dhe
eight building blocks wers compared on the basia of packaging the generic
platform into the orbiter, with supporting parametxia mtruatural, thermal,
aans properties, meteoroid impact, and cost wnalyses. The reaults of these
analyees are tempered hy the consideration that the generic platfom amd
requirenants represent one design condition in the spactrum of platfom
applicationa. In fact, the generio platform and adopted atrength, stififness,
and utilities requirement are at the upper end of the Epeatrum of foreseeadle
Tequirementa for most platforma.

In Tagk 2, candidate materials most suitable for the deployadle pluatfom
system components were identified, with establishment of & data base for these
candidatea. The data base is comprised of 10 tablea of mechanical amd
physical properties.

In Task 3, new technology development needs were identified, prioritised, and
soheduled, ineluding the development cost estimatesm. Of the 16 new teahnolosy

itenn identified, no showstopper ia apparent.

The foregoing data were used in the concept melection prooess of Task 4. The
condept analyses compared the demigna on the basis of design veraatility,
cont, themal mtability, meteoroid impact suitability, reliability,
perfomanae prediotability, and orbiter integration suitability. Thia
selection prqoess methodology, in conjunction with judgmental evaluationa,
resulted in the selection of Concept 6A, (Flgure 5). The major features of
Concept 6A are mummarized as follows:

0 Building=-block approagh for autowatic deployment of platform ayatema

0 Square shaped truass - moat suitable for inter-bduilding=dblock
attachmants; mounting of payloads, docking ports, and propulaion

moduled ; and provides redundaney Por wmeteovold impaet.

0 Ciroular tubes for all truse members - minimum voat conatruction for
graphite compoaite conatruation

0 NMinimal complement of utilitien mounted on longerona

o Trayi for wounting of lunge somplement of utilities = ende of
initial inatallation, repaix, replacement during total ground
fabxication perddod - minimum trusa struotural design constrainta
imposed Ly utilitiea integration.

d Square-shaped houaing with resiprocating deployment mechanism

0 Bay-by-bay deployment (to facilitate fdenyification of deployment
problen, if it occurs)

g
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® ALL MEMBERS ARE ROUND TUBES

* LONGIRONS WITH CENTER HINGE JOINTS
¢ TELESCOPING DIAGONALS

*NO OFFSET LOADS AT JOINT

* BATTENS CROSS BRACED BY TENSION STRAPS
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| b "b
L= 2 _J UTILITIES INSTALLATION

END VEW FOLDED DETAIL OF JOINT
Figure 5. Square Truss with Modified Longerons (Concept 6A4)

Rail system for root strength during bay-dy-bay deployment - permits
orbiter berthing and orbiter vernier reaction control system VRCS)
firing (if necessary).

Adapters for mounting of payloads with automatic electrical
connector interface

Payloads and propulsion modules attached using RMS

An example of a possible configuration achievable with this concept that is
constructed of 1.75 and 2.75 m deep trusses is shown in Figure 6.

The major conclusions drawn in this study of deployable platforms systems are
as follows:

0

Deployable platform systems technology readiness for FY 1986 period
is quite feasible (with appropriate funding)

The building-block concept utilizing Concept 6A can effectively be
used to construct LEO/GEO platforms

Deployment is accomplished with orbiter RMS and/or HAPA without use
of construction fixture

NASA/MSFC goal of automatic deployment of platform system (not
including payloads, RCS modules) is achievable

w0
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/ PAYLOAD SAY

x —r U
l Sl i i
1 C T
S [ \ { L. v ' 1 1
N 1.75M SQUARE TRUSS l STOweD |
PAYLOAD BAY ™~ 2.75M SOUARE TRUSS | tom |
-~ 4. STMDIA

&m _ =" DEPLOYED
P N *NO REORIENTATION OF

BUILDING BLOCK REQURED
Figure 6. Possible Configuration (Concept 6A)

o All candidate building-block concepts, applied to generic platfomm,
are packageable into ore orbiter and are well within 20,000 kg
launch capability (28.5° inclination, 210 nmi)

o The selected concept accommodates the upper regime of platforms size,
utilities, and adopted strength requirements and is applicable to
large range of reduced requirements

o Accommodation of adopted stiffness requirements is dependent on the
resolution of "Joint Slop” issue (most platform applications will
have stiffness requirements well below adopted values)

0 No foreseeable unresolvable technology develo.ment requirements

0 Major extent of technology development for selected concept is
applicable to alternate candidate concepts

Pigure 7 summarizes the major accomplishments of the Add-on Deployable Volume
Enclosures Study. The Space Station studies currently being perfoimed at
Rockwell are used for the establishment of requirements and applications for
manned habitats and OTV hangars. Eight habitat and seven OTV hangar candidate
configurations were developed. Three preferred configurations were identified
for the manned habitats and developed in further detail (Section 5). Three
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OTV hangars were also developed in further detail. Further, the major design
issues and new technology development requirements were identified.

The major conclusions drawn from this study are as follows:

(]
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The application to habitats appears attractive - large useful
volumes are achievable

Netallic structures (can be sealed) can provide ample meteoroid,
radiation protection, and equipment mounting surfaces, but are

constrained by pressure loads/packaging requirements

Iaflatables alone are not sufficient - hard structure is required
for mounting of consoles, orbiter and space atation integration, and
heat rejection

Inflatables in conjunction with rigid core module provide a variety
of feasible large volume designs provided

Materials are suitable to crew safety/space environment; foam
micrometeoroid stopping power is comparable to existing data;
repair of punctures or use of meteoroid bumper is feasible; and
adequate protection of the crev from radiation can be provided.

Hanzar requirements are ill-defined - OTV meteoroid protection alone
is not sufficient justification '

Nost attractive OTY hangar concepts appear to be metallic
deployabl e/erectable or inflatable with foam core (provided
stiffness is adequate)

1l
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1. CONCEPT DEVELOPMENT

This section describes the study concept development accomplishments which
include establishment of platform system requirements (1.1), development of a
generic spacecraft configuration (1.2), development of the building-block
component concepts (1.3), und integration of these components into eight
candidate building blocks (1.4). Section 1.4 also describes the application
of the building blocks to the generic platform; packaging of the platform into
the orbiter; and the comparative structural, thermal, mass properties, and
cost analysis performed for the Concept Selection Trade Study (4).

1.1 DEPLOYABLE PLATFORM SYSTEMS REQUIREMENTS

This section describes the generic platform system requirements extracted
either directly from the three focus mission studies (References 1, 2, 3

and 4) or determined by supplemental analysis from the data provided therein.
In the course of performing the supplementary analysis pertaining to the ASASP
and GSP requirements, the study managers of these studies were contacted for
additional information and/or clarification.

The three focus mission studies provide four platform configurations as shown
in Pigure 1.1-1. Since Geostationary Space Platform (GSP) Alternative 1

GSP ALTERNATIVE |

GSP ALTERNATIVE &

Figure 1.1-1. Four Configurations Extracted from
Three Focus Mission Studies

1-1
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represents a configuration entirely constructable with either astromasts or
supermasts, emphasis was placed upon the GSP Alternative 4 configuration which
represents the high end of the spectrum in terms of size, strength and
stiffness requirements. This configuration is comprised of three modules
individually transferred to and joined together in GEO. Two of the largest of
these three modules are shown in Figure 1.1-2. The information shown in
FPigure 1.1-2 and mass distribution data were extracted from the several books
of Volume II, Reference 5.

54,5 m

Figure 1.1-2. Modules 1 and 2 of
GSP Alternative 4 Configuration
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Additional to the supplementary analysis required to completely define the
requirements for the missions, it was necessary to understand the derivation
of the most severe requirements in order to asseas the applicability of these
requirements. The assessment was tempersd by the consideration that this
study is a technology development contract, with extension of the technology,
as practicable, being & major goal. Further, many of the requirements stem
from conditions where two equally possible alternatives to the design can
exist and are dependent or the particular spacecraft configuration and systems
trades. For example, thermal control of payloads can be accomplished with
dedicated radiators at sach payload or with the use of a central radiator and
coolant lines integrated into the deployable atructurse. In such cases, in the
the absence of any other information, the alternative requirsment that
advances the technology (in this case, integration of coolant lines into the
structure) is included.

l.1.1 Straqgth and Stiffness Requirements

Table 1.1~1 summarizes the strength and stiffness requirements for the focus
mission spacecraft configurationi. The data shown were obtained by a
combination of direct extractioi from the focus mission documents and

supplemental hand calculations. The data directly extracted are identified
with a subscript "4".

Table 1.1-1. Focus Mission Limit Strength and Stiffness Requirements

PLATFORM
PARANETER sps |  asasp | Gsp ALT. 1 | GSP ALT. 4
DEPLOYABLE STRUCTURE MODULE
® FLEXURAL STI¥FNESS (Nm?) 17.3 x 108 4 | V6.0 x 1084 2,8 x 1054} V2.6 x 1084
® TORSIONAL STIFFNESS (Nm?) 4.4 x 104 g | V1.1 x 107 8.2x10t | V1.1 x1074
®BENDING MOMENT (Nm) 808, Vv 9000 65704 Vi.0x 105
© TORSIONAL. MOMENT (Nm) 184 v 4900 3500 V1.8 x 104
- ® AXIAL LOAD (N) 200 500 V ass0 3700
®SHEAR (N) 400 200 660 V 5400
PAYL.OAD INTERFACE
@ BENDING MOMENT (Nm) 1600 V ag00 NEGLIGIBLE 90
¢ TORSTONAL MOMENT (Ne) NEGLIGIDLE v 1900 NEGLIGIBLE 110
® AXTAL LOAD (N) 200 375 NEGLIGIBLE 90
® SHEAR LOAD (N) 100 500 NEGLIGIBLE 110
PROPULSION MODULE INTERFACE
@ BENDING MOMENT (Nm) 1200 1080 6190 V1.3 x 104
® AXIAL LOAD (N) 200 1780 * 1.05 x 104 | 1.1 x 104
® SHEAR LOAD (N) 400 250 1050 v 7850

1. Attachment of orbiter to platform accomplished by berthing,

2. Berthing loads are: bending moment - 18304 (Nm), axinl load - 18009 (N).

3. Subscript “d" denotes data obtained directly from focus mission documents,

4. VDenotes maximum values,

s e
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The strength requirements are very sensitive to configuration and payloads
size, shape, and mass distribution; and locations of propulsion modules for
1EO stationkeeping or transfer to GEO,

The stiffness requirements are not only dependent or. the payload and
configuration size, shape and mass dis“ribution but alsoc the interplay between
pointing system requirements, attitude -ontrol system (ACS) thruster levels,
and control aystem deaign. For a basepoint design, trades between these
systens can be made along a wide variation of parameters: Since this study is
generic, such trades are not possidle. However, the implications are
recognized in the eatiablishment of the requirements.

l.1.1.1 ASASP Flexural and Torsional Stiffness Requirements

The flexural stiffness value of 6 x 108 Wm2 for the ASASP (Advanced

Science and Applications Space Platform) configuration is extracted directly
from Reference 4 as shown in Figure 1.1-3 and was determined to provide a
minimum first modal frequency of 0.10 Hz. Since no information was availatle
reqarding the requjired torsional stiffness, a hand calculation resulted in a
value 1.1 x 10/ Nm€ for the same first modal requirement of 0.10 Hz. The
total mass of the platform was 80,553 kg The individual payloads, ani mass
moments of inertia were extracted from Reference 2.

(EN NM2
S,
o

)
©

FLEXURAL STIFFNESS
=)
(o]

‘07 A 1 A
0.1 0.2

FREQUENCY (Hz)

Figure 1.1-3, Flexural Stiffness
Vs. Frequency (Hz) for ASASP
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It is pertinent to note that during the orbiter packaging investigations, a
NASTRAN modal analysis using an EI = 2 x 108 Nm2, and GJ = 0.5 x 107 Nm?,
i.e., stiffnesses respectively 1/3 to 1/2 of the above quoted values, resulted
in a first modal frequency of 0.043 Hz., Since flexural stiffness is the wmain
driver, a Zrequency of 0.057 Hz would correspond exactly. However, within
the broad context of this study, and the derived generic requirements, the
model sufficiently confirms the validity of the stated requirements.

1.1.1.2 AsAsP Strength Requirements

The ASASP strength requirements of 9000 iim (bending) and 4900 Nm (torsion)
occur during stationkeeping maneuvers. The propulsion module thrust of

890 N, directed as shown in Figure 1l.1-4, induces the above specified loads.
It is pertinent to note the relatively large torsional moment results from
the large offset of the center of mass of the payloads.

STATIOM
KEEPING
THRUST

Figure 1.l1-4. ASASP configuration
-—Stationkeeping Thrust

1-5



€ 18
ORIGINAL PAGE
OF POOR QUALITY

1.1.1.3 GSP Alternative 4 Flexural and Torsional Stiffneas Requirements

The stiffness data shown in Table 1l.1-1 are extracted directly from Table 3-6
of Reference 3. The requirements shown in Table l.1-1 are the marimum
requirements for members B and E (Figure 1.1-5). The requirements are based
upon a restriction of the relative lateral displacement between the reflector
and feed of 0.20 m due to RCS thruster induced load#. A hand calculation of
the deflection due to inertial loads directed as shown compatible with an
"approximate acceleration of .0003 g" (from Reference 3) indicated a
deflection of 0.14 m (using amplification factor of 2). This proximity
between O.14 m and 0.20 m is quite adequate for this study. Of primery
importance is the fact that the torsionul induced portion of the deflection
wvas more than 955 of the total deflection.

ATTITUDE
CONTROL
THRUST

MEMBER
MEMBER B

FEED FOR
60-m REFLECTOR

Figure 1.1-5. Module 1 (Alternative 4)
Attitude Control Thrust

Consideration was also devotad to the stiffness requirements to provide
frequency separation with the control system. The following is an extracticn
from Reference 3 pertinent to this concern.

"A NASTRAN finite element model w  generated for the Alternative No. 4
platform based on the individual module crbit transfer strength requirements.
The model was comprised of 65 grid points, 64 structural elements, and 390
structural degrees of freedom. Natural modes and corresponding natural
frequencies were detemmined for the system. The fundamental natural frequency
of the system based on strength requirements is 0.019 Hz. A similar snalysis
of the Alternative No. 4 platform resized to vomply with stiffness

1-6
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requirements would yield significantly higher natural frequencies. Again,
cauilon must be exercised to ensure that the lowsr frequency vibration modes
do not interact with the RCS and cause instability. As noted previously,
control techniques can obviats this possibility."

l.1.1.4 GSP Alternative 4 Strength Requirements

The maximum bunding moment extracted from Table 3-5, Reference 3 is 101,427 Nm
for member H of Module 2 (Fig. 1.1-6). Torsional moments are not provided in
Reference 3. The bending moment results from the GEO orbit transfer thrust of
6000 N directed as shown. The data presented in Reference 5 were used to
construct a mass distribution model of Module 2 from which hand calculations
confirmed the specified moment of 101,427 Nm, or more approximately stated,
provided confidence ir the mass distribution model used. A hand calculation
of the torsional momert resulted in a value of 18,000 Nm. Both calculations
include a factor of 2 for dynamic amplification.

”  MEMBER H\&
" (7 ORBIT TRANSFER .
THRUST (THROUGH TN = 0.035
C.G.) = 6000 N

Figure 1.1-6. Module 2 (Alternative 4)
Attitude Control Thrust

aa sy yas e P
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Table 1.1-2 illustrates the strength and stiffness requiremenis adopted for
the concept development and structural analyses to be performed in this

study.

One set of requirements, i.e., the adopted requirements, is used to

size the structure for the concept development drawings. However, the
implication of order of magnitude variations of these requirements is studied
in Section 4.

"~ Table 1.1-2. Adopted Loads (Limit) and Stiffness Requirements

PAGANETER PLATPORM sps | asasp | cspaLt. 1 | Gsp ALT. 4
DEPLOYABLE STRUCTURE MODULE

© PLEXURAL STIPFNESS (Nm?) 17.3 x 108 4 2.8 x 1084 [3o0 % 107

O TORSIONAL STIFFNESS (Nm2) | 4.4 x 10%4 s2x 100 | (o5 x10 g

© BENDING MOMENT (Nm) 808, 9000 68704 [Cas x 10° ;l

© TORSIONAL MOMENT (Km) 184 7050 3500

© AXIAL LOAD (N) 200 500 3700

® SHEAR (N) 400 200 660 {Z4oo)

PAYLOAD INTERFACE

© BENDING MOMENT (Nm) 1600 _ {4800] NEGLIGIBLE 20

© TORSIONAL MOMENT (Nm) NEGLIGIBLE NEGLIGIOLE 110

® AXIAL LOAD (N) 200 375} NEGLIGIBLE 90

® SIIEAR LOAD (N) 100 (se0) NEGLIGIBLE 110
PROPULSION MODULE INTERFACE

#BENDING MOMENT (Nm) 1200 1080 6190 Eazx1adY

® AXIAL LOAD (N) 200 1780 1.05 x 104 1.1 x 109

@ SHEAR LOAD (N) 400 250 1050 7850 |

D DENOTES ADOPTED STRENGTH AND STIFFNESS

The adopted stiffness requirements are based upon the following rationale:

(¢}

The highest EI value listed for the ASASP of 6x108 Nm? is quite
arbitrary, i.e., to achieve a first modal frequency of .10 Hz for a
platform mass of 80,553 kg. It is unlikely a platform in excess of
40,000 kg will be required. Further, a first modal frequency of .03
Hz is still 100 times the LEO orbit disturbance frequencies.

Of the_values (from GSP 4 Module 1) of EI = 2.6x108 and GJ =
1.1x107 Nmz,only the GJ is the major requirement to limit the
required deflection. That requirement is due to placement of the
feeds fcr the 60 m reflector as shown in Fig. 1.1-5. Antennas with
their own feed columns would preclude this requirement.

In view of the foregoing, and the technology advancement goals of
developing designs up to the maximum practical/realistic
reguirements, the adopted stiffness values of 2x10° and .5x107
Nm<, respectively, for EI and GJ were selected.

1-8
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. The adopted strength requirements were based on the following:

0 The values of 1x10° and 1.8x10% Nm, respe;tively, for the

beading and torsional moment obtained from the GSP alternative 4,
Module 2, are regarded as unnecessarily high since the module is
20,600 kg (payloads to GEO by the year 2000 are not expected to
exceed 6000 kg). Further, the loads can be reduced by reduction of
the orbit tranafer T/W (thrust to weight ratio), and/or minimization
of dynamic amplifications. The latter two items are technology
development needs, for antennas as well as platforms. The potential
reduction of T/W from 0.035 to a possible 0.0137 is discussed as

follows:

Low-thrust liquid propellant systems are indicated for orbit tranfer
applications for current and future missions to GEO as the need for

maneuvering, start-stop operations and especially low thrust levels

predominate as desirable characteristics.

Low thrust and the regultant long burn times can mean larger gravity
losses and increausd propellant weight (Figure 1.1~7) for single
burns. However, multiple periges burns minimize gravity losses by
reducing the burning arc and theta (@), the angle between the
velocity vector and the local horizontal in the gravity loss tem,
8ct 3inO (simplified).

o PAYLOAD MASS * 6818 kg
i ® SPECIFIC IMPULSE = 470 sec
* STAGE MASS FRACTION = 0.90
® COMSTANT THRUST
20 L
PROPELLANT 1 PERIGEE BURN
MASS
(1000 kg)
5t 8 PERIGEE
BURNS
lllnllll ) 2 .nl‘.n! " ) " N
0. 0.004 0.01 0.02 0.04 0.1 0.2 0.4

MAXIMUM THRUST-TO-WEIGHT RAT!0, T/W (END BURN)

Figure 1.1-7. GEO Transfer T/W and Number of
Perigee Burn Implications on Propellant Mass




ORIGINAL PAGE 1S
OF F;OOR QUALITY

The use of multiple bdurna to minimize gravity losa (2% for eight
burna veraus 14% for single dburn) is attractive in exchange for a
somewhat longer tranafer comat time (22 houra for 8 durns versus 6

hours for aingle burn).
compromnise.
perigee durns st low T/W
indicated.

In many cases, this will be an acceptable
The reduction in propellant requirements with multiple
_ ia drematio, as ahown for the payload
Generally, propellant requirements increase as T/¥

= decreases below the value of one, due to the aforementioned gravity

loas effects.

The propellant weight ia decreased, however, as the

number of perigee durns is inocreased above a nominal of one periges

h’\lr'n.
propellant requirement at low T/W
in the vicinity of T/W (final) from 0.0) to 0.02.

Eight periges bdurna provide a sudstantial reduotion in
{ the maximun reduction ocourring
These savings are

sharply reduced, however, at T/W (final) valuea below 0.008.

0 In view of the foregoing, and the technology advancement gosls of
developing designa up to the maximum practigal and realiatic
requirements, the strength values of .25x10° and 1x10% Nm,
reapeotively, for dending and torsional momenta were used.

In summary, the rationale for establishment of the adopted strength and

atiffnesa requirementa ia presentad adove.

In consideration of the overall

range of requirements throughout the focus missions shown on Figure l.l-1, the

Juatifiable departure from the maximum values is minimal.

Rence, it may be

atated that the adopted reguirements are at the high end of the total
requirenanta apectrum.

1e1.2 Powar and Data Utilitiea

Table 1:1-3 aummarizea the adopted power and data utilities alongside of the

correaponding data extracted from the foous mission studies.

ia used throughout the concept development.

Pable l.d=3,

Thia requirement

Generie Power and Daka Utllities Requirements

SYSTEN , ;
FUNCT L ON ASASP _ors SPS ADOPTED COMNENTS
PONER (Kw) 50 10 A90 50 SPS DEFINED AS
SPECIAL CASE
DATA 20 N8RS (0) 50 Mebs (D) 20 Neps (D) {SCIENTIRIC)
50 KEPS (D) {NOY DETERNINED | 216 Rues (C) 50 xers (D) {HOUSEREER ING)
35 Kees (0 25 Kues (C) ,
A 2NNE (A) b2 NNz (A) (vv)
INTEREACES
PONER 6 NO, © 6 N0, ) 396 NO. 10 6 NO. O
28 NO, 2 b No, 1 16 NO, 2
A ND, 1A 20 NO. 13 A NO. T
DATA 35 PO Jh NO. 18 TSP | A ND, 22 YSP ] 90 NO. 22 TSP | YO BE ACCONMO-
58 NO. 26 TSP 2 COAX DATED &Y
144 K0, 8 .0, DEPLOYVABLE
100 F,0, STRUCTURAL
{oPTION ELENENTS

1=10




ORIGINAL PAGE 18
OF POOR QUALITY

The power lines are based upon a 50 kw total spacecraft power requivrement and
distribution ayatem. The data utilities aye based upon the aclentifioe,
housakeeping, and TV data needs as shown in Table 1.1-} and discusaed herein.

The power and aignal distridution requirements are based upon analyais of
poasible payload comdinations and altitudes. Table l.1-4 presenta a summary
of the payloads considered. Included in the table are various physical
chamotariatica and interfacea required to support the selected payloads. In
a_genaral aense, the diatridution system is required to accommodate two
clcases of signala. The first is power at a relatively high level approaching
20 xW. The major power capadbility is diatridbuted at 124=164 VDG, with lower
loads at 3O VDC and 110 VAC, 400 Hxs The mecond class of aignala are at
fairly low lavela und conaist of command and data aignala, digitally coded
data trensfer and low level clomed-circuit TV (COTV). The digital and video
aignal dandwidths are estimated to he 1 Nbpa and 6.0 NHz, respectively.

Table 1.1-d, Reference Payleoad Group

oerL. DAYA NGNY
NASS size ALTITUDE | ORBIYT | CONNAND |  DATA

PAYLOAD GHOUP (ka) | (W) (kW) | toka) | poweR | (kers) | (kBps) i HOYES

1. ATMOSPNERIC GRAVITY | 3,000 | 100 (0) D280 | s8-%0 | N <2 | see )
NAVE ANTENNA |(aw)

2. PARTICLE BEAN 3,000 | 100 x 100 N0 5690 | 3,) <28 | 200 + [Seeqd
INJECTION (SQUARE) (kwh) ~E$ J\_)Nx

3. ASTRONETRIC 4,500 | o) x 1@ Mo | 28 1,000 | <25 | 1,000 fseE @
TELESCOPE (]

A, LARGE ANBIENT DIS~  [16,000 [15(D) x 35 |e00«700 | 2886 1,000 | <2§ | 7,000 [s€e@®
PLAY IR TELESCOPE , W)

NOTES (D KVA FOR NAINTENANGE AND DEPLOVNENT
VIBRATION AND GAS PARTICLE SENSITIVE
) VIBRATION AND GAS PARTICLE SENSITIVE + EVA

1.21.2.1 Power Utilities

The power utilitiea requirements are bdased upon the diatridution syatem shown

ina§isura 1.1-8 and line lengtha compatidla with the genardc platform {Section
ll *

Tha wire size sslection was conservatively bdased upon the worat cxse
conditions at an operating temperature of 200°C, and line loases of
approxinately 5¢. (Refinements in the analyaia made at a later date to

aaza“ng for reduction of the ocperating temperaturea to 20°C are discuaaad
lataxr.

The 16 No. 2 requirement ahown in Table 1.1-3 was derived from provision of
124 VDG at 290 A, Yor this condition, the primary path wire dundle waas chosen
to he eight No. 2 gauge (stranded) for power input plua eight No. 2 gauge
{atranded) For returns.
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Figure 1.1-8. Platform Power Distribution Subsystem

Six No. O for the 30 VDC lines, and four No.l4 for the 110 VAC, 400Hz lines
were similarly determined. Later in the study, as part of an evaluation to
determine the significance to the power utilities requirements of a 250 kW
total spacecraft power requirement, refinements in the above analjysis were
made. The essence »of this analysis was reduced electrical wire sizes due to
replacement of the 30 VDC by 124-164 VDC, or replacement of both 30 and
124-164 VDC by 110 VAC, with converters and inverters at each port. For this
reason and since the adopted requirement could be integrated into the designs,
the adopted requirement was maintained. The investigation for a total
spacecraft power load of 250 kW indicated essentially the same total circular
mils as that of the adopted values provided the selected power lines operate
at 460 VAC.

The basis for the foregoing conclusions is discussed in the following
paragraphs.

The original evaluation assumed that the 30 VDC and the 110 VAC voltages were
derived at a common location, located some distance from the solar array
module. The effect of this assumption was to require that the deployable
truss be capable of acccmmodating both the entire 50 kW at 124-164 VDC as well
as accommodating 5.6 kW at 30 VNC and 0.4 kW at 110 VAC. In this original
evaluation it was also assumed that the primary 124 VDC wire bundle
temperature could rise to 200°C. Subsequent analysis indicated that a 20°C
design limit could be maintained and, therefore, it was decided to redo the
analysis of the basic concepts as well as all the other distribution concept
options at the 20°C design point.

1-12
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The result of the revised basic analysis (summarized in Table 1.1-5) is to
reduce the number of No. 2 AWG wires to eight. However, in the re-evaluation
of the original analyasis, the number of No. O AWG wires is increased to
eight. Both numbers include their respective return wires or grounds. The
total cross-sectional area of the wire bundle was -reduced from 1,707,000
circular mils (in the original analysis) to 1,384,000 circular mils - a
reduction of 18.4%.

An alternate to the basic wiring layout was also evaluated. In this case, the
conversion to 30 VDC was accomplished within the solar power module with the
resulting reduction in the power handling requirement of the 124-164 VDC wire
bundle to 36 kW. At the same time, it was noted that the 30 VDC circuit may
be required to accommcdate 9.6 kW rather than 5.6 kW, so this increase in
power level was also considered. The results of these changes are shown in
the second column of Table 1l.1-5. In this approach, the number of No. 2 AWG
wires is reduced to six, reflecting the lowered power level, but the
identified increase in 30 VDC power increases the number of No. O AWG wires to
12, The end result is a net increase in wire area of 21.5%. If the 5.6 kW
requirements at 30 VDC are retained, a wire cross-sectional area of 9.5% is

realized..

Pour new options were considered during this study. Two of these options,
Option A at 45.6 kW and Option C at 250 kW, assumed that all of the energy was
provided at 124-164 VDC. The other two optiona considered the power is to be
delivered at 460 VAC. Option B was rated at 50 kW while Option D provided 250
kW. The wire sizes for the ac power analyses were taken from 2 standard ac
power handbook and adjusted for the voltage and current levels identified.

Table 1.1-5. Effects of Differing Power Load Assumptions
Upon Wire Count

OPTIONS
BASIC (ALT)® A® n® c® n®
36 kW e 15,6 kw o - 250 kw @
| .124-164 VRC_ | 124-1G4 YDC 124-164 vDC —
) REQMTS | O, L 5.6/9.6 kW
WIRE 20 vog____ |®_30 vDg - — - ’ -
SIZE 0.4 kW @ 0.1 kW ® 0.4 kW ® 50 kw @ 0.4 kw @ 250 kw @
(AWG) 110 VAC 110 VAC 110 VAC 460 VAC 110 VAC AG0 VAC
14 L] L) L — q —_—
T q - - - 8@ - 38
2 8 (WAS 16) 6 8 -— 58
[¢] R (WAS 6) 8/12 o —
U] Flectronies Incated in power module,
Requires 124 to J0 VDC converters at each poart, or reaponsihillty of users,
Y Requires tnverters & radiators (7 = 902) in pover module, and rectificrs (n = 90%) at each pore
or within uners' equipment. Losnes of J0Z at Inverter will Micrease offective size of solar
acrays (increame to 55 kW) '
©® 52 tine voltage drop permiteed. (T » 20%)
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The spacecraft configuration applied to all of the new options considered that
the derivation of any voltage other than the primary distribution voltage,
with the exception of the relatively low-powered ac in Options A and B, is to
be accomplished at the user port or within the experiment system. Thus, in
Options A and C the deployable truss must accommodate only two voltage levels,
124-164 VDC and 110 VAC. In Options B and D, only high voltage (460 V) ac
nust oe accommodated. The advantage of eliminating the low-voltage

distribution system is apparent, but it does require the addition of more ;

equipment at each port.

The question of utilizing an ac diatribution concept at a higher voltage was
addressed in Option B. Again, it is possible to further reduce the total
number of wires within a deployable truss at the expense of additional
equipment, apecifically rectifiers and transformers, utilized to provide the
lower ac voltages and the various dc voltages. A further cost factor that
should be appreciated, when using the ac concept, is the need to compensate
for the additional losses introduced by the added equipment. With an
estimated efficiency of 90% or less, the option will require a 10-15% increase
in solar array to generate the necessary power.

Options C and D were evaluated to determine the impact of increasing the
apacecraft experiment support power to 250 kW. Specifically, the dc
distribution power level was increased to 250 kW at 124-164 VDC, while the ac
system power level is specified at 250 kW at 460 VAC.

The effects of the higher power levels will, as expected, result in a larger
nunber of wires. Total cross-sectional area of the wires varies from
approximately 3,870,000 circular mils (in the case of Option C) to
approximately 1,619,000 circular mils (Option D). In the case of the ac
distribution system, it will again be necessary to appreciate the additional
losses in the system caused by the port-located conversion equipment.

A final point of discussion is to examine the reasons why, if higir de
voltagi will reduce loss effects, a higher dc primary distribution voltage
(greater than 124-164 VDC) was not selected for the basic concept and for
Options A and C. The major rationale for not yelecting a higher voltage
distribution system is the atate of switching tochnology, particularly at the
relatively high power levels specified. Switch devices capable of switching
high dc voltages at high power ‘levels are not yet available to the confidence
levels needed to assure reliable operation. These switching devices include
those simply used to control the power distribution as well as those used in
d¢-dc converters supplying the various lower voltages required. Several
attempts at initiating technology programs to develop these equipments have
been made with varicus degrees of suc:ess; but none have been completed.
Accordingly, no hardware is available at the presert time nor in the immediate
future.

The second reason for not selecting a higher voltage is the impact upon the
solar array. Solar arrays are comprised of many small solar cells
interconnected in a series-parallel matrix to provide the needed power/voltage
combination. Increased voltage levels increase the complexity of the solar
array with the attendent reduction in reliability, life, and in poorer
operating characteristics resulting from increased internal losses.
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1l.1. 2.2 Data Utilitiea

The data management, control path, and the CCTV patha are easentially low
power and are provided using three different forms of signal patha. Diacrete
signala or commands are routed utilising 22 gauge, twiated, shielded pairs
(TSP). Ninaty pairs are included in the deaign of deployable structural
elementa; sixteen of which are preassigned as emergency control originating in
the subsystem control module:. The remaining 74 pairs are unassigned and may
be used to provide interconnectiona hetween berthing stationa.

The piacement of these, or any signal wires, immediately adjacent to power
cables is to be avoided. If the designs do not permit the aseparation of these
cable groups, it ia peceasary to provide metallic separation (shields) to
avoid electromagnetic interfersnce caused by power switching.

The data management concept selected for this atudy presumes the use of an
integrated, on-board data procesaing approach that usea a data bus design to
ainimise the oversll number of discrete paths between satellite or platfom
comaunications interfaces. The proposed data bus link consists of four pairs
of fiber optic cables. Each pair consists of an independant command and data
channel. Four pairs are provided to accommodate reliabdbility concerns (e.g«»
redundant paths in the event of channel failure) as well as providing for
poasible requirements calling for independent links to aselected payloads. Is
is recommended that provisions to add up to 100 additional fiber optic cables
to permit future system expansion be included in the element design.

The final requirement identified in prior studies is the need to provide at
least two channels for routing of CCTV or high bit rate data to the satellite

downlink communications system. The suggested coaxial is type RG-303/U.

In summary, it is pertinent to note that the data requirements delineated
above are considered to be a generous complement of number and sizes. It is
generally, however, consistent with the ASASP and GPS requirements. Further,
spacecraft data needs during any program always press to the limit the ability
of the structure to accommodate data needs. Hence, again, the generous
complem#nt of data utilities in the adopted regquirements.

l.1.3 Fluid Utilities

The adopted fluid utilities requirement established for this study is two 2.0
cm coolant lines. Propellant lines are not a requirement for the reasona
discussed sudsequently.

1.1.3.1 Coolant Lines

Provision of fluid coolant lines is imposed as a raquirement since location of
radiators adjacent to a heat source may not always be practical. The
requirement of two 2.0 om linea was determined from the payload requirements
of Table 1l.1-4, which were extracted from Reference 2. For these paylecads,
the maximum power level was 25 kW. ‘
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The use of a central radiator system would require that fluid lines be run
along the structure between tha heat source and the radiator and return. The
pumping power required to circulate the coolant varies directly with length
and power dissipaticn level and inversely with line diameter. For the
reference mission payloads, a practical line dismeter is 2 cm. Pigure 1.1-9
presents the pump powsr to circulate Freon coolant through a 2 ca line over 40
meters and return for a range of power dissipation levels. As shown, a
punmping power of less than 0.2 k¥ is required to circulate coolant to reject
25 XV of payload power.
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S
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5
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Payload Power Level kW

Figure 1.1=-9. Pump Characteristics
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Insulation will be required for fluid lines used on the deployable platform to
prevent freezing of the coolant during quiet periods. A quantitative estimate
»f the thermal control system (TCS) requirements for fluid lines is summarized
in Tadble, 1.1=-6 for a range of typical TCS coating techniques. These
calculations assume the heat tranafer area to be that of a 2-cm~diameter
straight tuhe. The calculations show that a radiation barrier insulation
(€20.04) is required to keep the drop in fluid temperature, due to line heat
lossss, at reasonable levela. A bare metal, such as aluminum, is
unacceptable. These materials have high solar absorptance compared to its
emittance. This would result in high tube surfsce temperatures that could
cause localized boiling in the fluid line. A multi-layer insulation (MLI)
blanket of about 5 to 6 layers would provide the proper emittance. The
blanket could consist of concentric wraps of embossed metallized foil. A
non-getallic outer layer may be desirable.

Table 1.1-6. TCS Requiréments for 2-cm Fluid Lines

TENPERATURE (°c) T o
ENIT- ho-m LIN FREEZE | FReEz, | JEMPERATURE (°C)

SURFACE TANCE HEAT LOAD FLUiD | TEMP, SUM

COATING € 1 kW 5 kW 25 kW HR W/m averace | peax |
PAINT 0.9 52 | 10.4 2.0 0.5 3.3 24 122
COATING 0.5 28 5.6 1.2 1.3 2.0 24 122
BARE METAL 0.1 6 1.2 0.3 6.4 0.3 24 122 :
POLISHED “
METAL 0.04 2.4 0.5 0.1 13 0.15 219 38 ;
(a = 0,3) :
ML) (a = 0.4) 0.04 2.4 0.5 0. 13 0.15 -37 (%)

An alternate to the fluid coolant system is a heat pipe system. The heat pipe
is a sealed heat transport device and does not require a pump to maintain its
operation. A typical installation would use a 2 cm line to transport vapor
and a 0.63 cm line to transport liquid. The technology of high capacity heat
pipes is developing rapidly. Pipes with the capacity to transport heat loads
of a few kilowatts over distances of a few meters are currently in development.

1.1.3.2 Propellant Lines

Integration of propeilant linee into the deployable structure was not included
as a requirement, although the use of distributed thrusters for either GEO
orbit transfer or active modal control was considered.

The use of distributed thrusters has been suggested to reduce the bending
loads imposed on the structure during orbit transfer. This advantage is not
regarded as sufficient to offset the numerous disadvantages discussed below:

) Since the design must provide for failure of a thruster, each of the
thrusters lines of force must pass through the platform center of
mass for the engine out condition. For the sizes of GEO platforms
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this would be applicable to possibly 2 to 4 thrusters. (Concepts
utilizing more than 10 distributed thrusters as shown for solar
pover satellite (SPS) structures are not applicable.) Provisions
for this condition would require excessive propellant.

o The additional cost of providing and installing the additional
thrusters, and integrating the cross-feed propellant lines would be
excessive. In particular, the folding and thermal control of
propellant lines is a significant technology problem.

o The reduction of the bending and possibly torsional moments, while
reducing the individual member loads, may not represent any
significant weight reduction for stiffness-critical designs. The
weight savings, if any, may be limited to the joints. The reduced
loads on the joints and individual members could permit ircreased
packaging efficiency. However, the loads can be reduced by stowage,
which appears to be a simpler task.

It is pertinent to note the Large Spacecraft Systems/Propulsion Interaction
Work Shop, held on October 22 and 23 in 1981, recommended the use of a single
orbital transfer vehicle (OTV) with clustered thrusters for orbit transfer of
GEO platforms. For the range of platform mass up to 6000 kg, a single OTV has
the capability.

The use of distributed control thrusters is not considered appropriate for
platform control in view of the following:

° The major spectrum of LEO/GEO mission requirements is achievable

without special distributed actuators. Sufficient stability is
attainable without distributed thrusters.

o For the special cases where unique payload precision pointing and
high levels of stability are required special mounts such as initial
pointing system (IPS) or annular suspension pointing system, gimbal
system (AGS) will be provided.

If for some reason, distributed control is required, the preferred location
for rotary or linear actuators is at the attachments between building blocks.
Since the payloads are mounted only at the main housing or adapters, shaping
of the basic truss is not required.

l.1.4 Control System

Control system requirements can be satisfied without the mounting of control
system equipment directly onto the deployable truss. A control system module

is provided to contain control system equipment other than that located at the
payloads.

This review examined the three focus mission requirements with the basic
platform functions and control philoscphy as follows:
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0 The platform provides a general-purpose base to support

special-purpose (and multidisciplinary) payloads whoss pointing and
control requirements can be quite diverse.

0 The platform provides gross stabilization and pointing control.
Nominal attitude will be a local level aund/or inertial orientation
selected to minimize the platform disturbance torques and the
resulting control system requirements.

0 Payload precision pointing and high levels of stability will be
provided by special pointing mounts {such as IPS and AGS).

° Specialized passive or active contrsl for structural dynamic or
figure control augmentation can be located at the housings »r
adapters (rather than on the deployable truss).

0 The control system is designed to meet the most common recurring
control problems - not rare or ill-defined special situations.

As evident from Table 1.1-7, it is feasible to locate all attitude control
system equipment either in the control system moduls, the payload package, or
at the building-block=-to-building-block interfaces. Much of the equipment
listed as mountable on the "control system module or payload package” can
prodably be mounted in the control system module for most NASA missions in
which structural deformations ‘are well within pointing requirements.

Table 1.1-7. Contrcl System Equipment Reguirements

S/C USED OM POSSIBLE LOCATIONS
CONTROL
SYSTEM BUILDING~
GENERIC] oOEPLOY. MODULE OR sLOCK
COMPONENT AsAsP| Gse sPS ONLY | STRUCTURE | P/t PKG. | INTERFACE
© SOLAR TRACKERS (ST) X X X
® SOLAR ASPECT SENSORS (SAS) X X X X
® FINE SUN SENSORS (FSS) X X X
® COARSE SUN SENSORS (CSS) X X
® HOR|ZON SENSOR (HS) X b X
© INERTIAL REF. UNIT (GYROS)=={(IRU}{ X X X X
© MOMENTUM & REACTION WHEELS (MW) 3 X
® CONTROL MOMENT GYROS (CMG) X x X
© COMPUTER (COMP,) X X X x
@ (NSTRUMENT POINTING SYSTEM (IPS) X X
® MISC. RACTARY JOINTS (RJ) X X X X
® INTERFACE ELECTRONICS UNIT (IEU) X X
© MAGNETIC TORQUERS (MT) X X
© MAGNETROMETER (M) X X
© INERTIAL MEASUREMENT UNIT (IMU) X X
® REACTION CONTROL SYSTEM (RCS) X X X %
® STRUCTURAL ALIGNMENT MEASUREMENT
DEVICES X % X
CONCLUSION: ALL ACS COMPONENTS ARE LOCATED ON ADAPTERS DX IN CONTROL SYSTEM MODULE.
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1.1.5 Structural Temperatures

Peak structural temperatures range from -100° to 80°C for LEO and -200° to
80°C for GEO. Pigure 1.1-10 presents the peak temparatures calculated for the
materials shown for an end of life (a/c =1).

100— LEO 100— GEOD
\
\§ = Gr/Ep \\ GR/EP
' — AL T— Al
g BE _ Be
s o g o
3 BE g
§ AL
8 ’ GR/EP Be
- Al
=100}— -100%-— Gr/Ep
| 1 ] ] 4 ] | ]
0075 0450 0225 0.0 0075 0150  0.225 030

Thickness (cm) Thickness (cm)

Figure 1.1-10. Maximum and Minimum Temperatures

The materials considered were aluminum, beryllium, magnesium, and several
graphite and metal matrix composites. The peak maximum and minimum orbital
temperatures depend upon the density times specific heat product for a
particular material. For a given material thickness, the smallest density
speci”ic heat product will yield the largest maximum-to~-minimum temperature
range. Since a large number of materials is baing considered, the materials
woere ranked according to this product. Beryllium had the largest value of
this product, and graphite epoxy the smallest. Therefore, the propertigs of
these materials were used in the analysis. Aluminum is used currently in
spacecraft construction; tharefore, data for aluminum are presented for
comparison.

The member shapes considered were round, square, rectangular tubes and
I-sections. The hottest structural temperatures occur when the member shape
exposes its largest projected area toward the sun. A measure of this peak
heating condition is the ratio of the solar projected area to the radiation
area; therefore, the member shapes were ranked according to this ratio. For
the member shapes c:nsidered, this ratio differs only slightly; therefore,
only cne or two shapes need to be analyzed. The square tube and the I-section
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vere selected for analysis. The data presented are for the square tube. The

coldest structural temperatures occur during eclipse and are independent of
member shape.

Individual truss members may be orisnied at various angles with respect to the

orbi% plane and the sun. The orientation which exposes the largest solar
projected area was selected for analysis.

Orbital temperatures were computed with a thermal math model (TMM). This
model, for the square tubs, consists of four nodes which are connected
together by conduction and internal radiation. The nodes are coniiected to the
external environment by radiation to space and by heat flow rates (QDOT's) for
the incident solar, albedo, and earth emission fluxes.

1l.1.6 Servicing

Servicing is asaumed to be at one-year intervals, and c¢onsists mainly of
replacing consumables or equipment with limited life. Changeout of payloads
may be required from time to time because of "state of the art” or completion
of mission. .

The vehicles used for servicing are the orbiter for LEQ and a teleoperator for

GEO. It is expected that the teleoperator will use the same docking interface
as the orbiter and will have a similar set of RMS. )

The design of the platform, therefore, has to include docking provisions at
strategic locations, near to payloads and service centers such as the control
module. All items likely to be replaced must be designed for
discunnect/removal/replacement using the RMS and/or EVA. Factors such as crew
visibility, TV coverage, RMS reach, RCS plume effects and orbiter/platform
interferance need to be considered when designing for servicing.

1.1.7 Orbiterhgntegration

The orbiter is obviously an item of major concern in the design of a

deployable platform. The orbiter is called upon to perform several functions:
0 Transport the packaged platform to LEO
o Serve as a base for adding payloads, modules, etc.
o Checkout and troubleshooting tha platform and systems
o Continued servicing and maintenance for a period of 10-20 years-

In performing these functions, the following factors are of importance:
0 Docking/berthing clearances

o EVA capabilities and safety

o .RCS plume effects

) RMS reach and capability

o TV & crew visual coverage

0 Orbiter power available for platform

o Payload bay volume, c.g. and weight

0 Mounting in the payload bay, cradles/pallets, trunnion and keel
fitting location and loads

o Orientation during platform deployment, solar thermal, radiators

0 Orientation, free drift, control authority

) Cost
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1.1.8 Environment

Naterials for the deployable platformn gystems must have a minimuam life of ten
years in either LEO or GEQ environments. Since trensfer time to GEO is
expected to be less than 24 houra with the use of chemical propulsion, the
more aevere LEQ-to-GEQ environment effecta will be negligible.

Space environment effects are due to a comdination of environments, some of
which aot at the surface and others which act throughout the volume (mams).
Solar radiation, vacuum, and miorometesnroids are examples of environments
vhich aot primarily on exposed surfaces, while Van Allen Belt particles, solar
flare particles, and the electron-produced Bremsstrahlung are examples of
environments which act throughout the volumes of objecta in space. Figure
1:1-11 illustrates the nuclear radiation componenta at GEO as a function of
aluminus shielding thicknesa (the curves are similar for other materiala) and
§1¢nro 1.1=12 illustrates the altitude dependence c¢f the natural Van Allen
elts.
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The solar spectrum and vacuum are well known and are not included herein.
Several ncterials can be severaly impacted by both of these environmental
properties, but thin protective coatings from other materials (such

a;fthomal control coatings) can and do readily negate any excesaive adverse
effects.

Particulate or meteoroid flux can and does get significant as satellites
inorease in size and required service life. Figure 1l.1-13 shows a
time-averaged meteoroid flux at 1 AU from the sun. This meteoroid flux was

obtained directly from Reference 6 and is sufficiently accurate for both LEO
and GEO platform applications.
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Figure 1.1-13. Natural Time Averaged Meteoroid Flux
at 1 AU from the Sun

1.1.9 Payloads, Propulsion Modules, ACS Modules

Generally speaking, the linear platform is deployed without payloads,
propulsion modules, ACS modules, or other large items which are not part of
the basic platform. It is expected that they are added by the RMS to suitable
interfaces subsequent to deployment of the platform structure. There are,
however, possibilities of building some modules into the deployment system;
depending on the size/shape of the module and the size/shape of the platform.
If the circumatances are favorable, the module may be treated as another
housing similar to a building block, and be incorporated onto the end of a
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truass. Some items may be mounted directly onto an existing control module or
truas housing. If the module is to be added to the platform sudasequent to
platform deployment, an interface is provided complete with alignment features
and all the atructural/mechanical/electrical/fluid interconnects required for
RNS bderthing.

1.1.10 System Pointing Accuracy

The ;oat stringent pointing requirement is delineated in Table 6 of Reference
4 for the GSP application. A value of 0.05 to 0.10” is liated.

Diascussion with electronics specialists at Rockwell indicate pointing
accuracies of 0.05 to 0.10" will be representative of most applications for
the 1990 to 2000 time period, although a small number of applications will

require acouracies of 0.03 to 0.02°.

1.1.11 Requiremsnts Perspective

The design approach and requirements presented in Sections l.l through 1.10
are the basis for the generic platfom development (Section 1.2); deployable
truss, utilities folding/deployment, housing, and adapter concepts developed
(Sections 1.3 and 1.4) and concept selection (Section 4). A perapective on
these requirements are summarizged below:

0 .The adopted strength and atiffness requirements are at the upper
limits of the spectrum of requirements for the 1990 to 2000 time

period.

0 The generic platform represents the largeat size of platform
foreseeable for the 1990 to 2000 time period.

) The adopted complement of power utilitiea is representative of the
maximum number and size of lines consistent with a 50 kW spacecraft
(30 VDC and 124-164 VDC lines).

0 The adopted complement of power utilities is also representative of
a 250 k¥ spacecraft (460 VAC).

o The adopted complement of data utilities is quite extensive, but can
vary conaiderably with payloads.

0 During the platform design phase, the magnitude of data utilities is
genarally driven toward the maximum the structure can accommodate.

o The two 2-cm fluid lines requirement is representative of the
maximum coolant fluid line diameter.

) A pointing accuracy of 0.05 to 0.10 degree is representative of a
majority of systems for 1990 to 2000 time period.

This perspective is applicable to the focus missions (Figure 1.1-1) and to the
spacecraft configurations shown in Figure l.1-14.

1-25




ORIGINAL PAGE 1S
OF POOR QUALITY

Figure 1.1-14. Rockwell Communications Ccnfigurations
and SASP
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1.2 GENERIC DEPLOYABLE SPACECRAFT CONFIGURATIONS

The generic linear platform (Figure 1.2-1) is based on the requirements
established in this study. The purpose of developing such a platform is not
to suggest that this is the best or only configuration available, but to
display and understand the many problems encountered in designing a deployable
system. Without such a configuration to study, there is a tend ncy to
concentrate on the truss structure and overlook such important points as
orbiter integration/packaging, deployment sequence and attachment of one
section to another.

The configuration of the deployed platform is similar to the ASASP. The
overall dimensions of the structure are 146 meters by 73 meters. The payloads
shown (i.e., the reference payload system) are the atmospheric gravity-wave
antenna, particle beam injection experiment, astrometric telescope, and IR
telescope. Each of the four payloads is mounted at a "hard point" and not on
the deployable truss itself. The design goal is to avoid mounting equipment
on the deployadble truss unless it is absolutely necessary. This policy has
been followed throughout all the drawings. The electrical power for the
reference payloads, and. spacecraft systems, with allowances for line losses is
50 kW. The solar array is suitably sized and has the necessary rotary joints
for two degrees of freedom. A radiator is shown mountsd adjacent to the soclar
array module.

Although the reference payloads are LEO payloads, an orbit tranafer vehicle is
mounted on the aft end of the platform. Four reaction control system (RCS)
modules are shown, of which two are mounted on short booms deployed from the
control module, and two are mounted on structural hard points.

The control module (CM) serves three functions, i.e., it is a cradle or pallet
for mounting equipment in the orbiter, a building platform for deploying the
platform, and it is a part of the spacecraft platform and functions as the
control center and houses equipment such as batteries, communications, data
storage, and power conversion and control.

Provisions for docking/berthing of the orbiter are shown at the control
module, at the solar array module, and at hard points on the atructure,
suitable for servicing payloads or propulsion units.

The structure consists of building blocks, arranged in such a fashion that
they deploy sequentially or in unison to form the configuration shown. There
is no "erection” or EVA involved, and there is no requirement for a building
fixture or jig.

In the development of the several concepts for the trusses and building
blocks, the generic platform was modified slightly to incorporate needs as
they arose: for instance, sometimes there are two control modules and
sometimes two trusses are joined into one building block.

Subsequent to the development of the generic linear platform, o generic area
platform was studied in which the structural assembly behaves as a plate
rather than as a number of beams connected together. The advantages expected
to be gained of such a structure are:

1=-27
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0 A significant increase in stiffness provided payload and equipment
attachments span to three node points.

o A significant decrease in torsional-type, thermal-induced
deflections.

o Both of the above advantages may permit simplification of the
control system, depending on the specifics of the design.

o Significent reduction in GEO orbit transfer-induced member loads,
particularly for thrust in the plane of the platform. This is
particularly favorable to joint designs.

0 Significant increase in number of paths for routihg of power and
data lines.

The disadvantages of an area platform such as the Generic Area Platform
Pigure 1.2-2 are:

° A large area platform has drawbacks as compared with a linear
platform when payload servicing/replacement is considered. The
platform shown is about 1.5 meters deep. If the depth is increased,
the accessibility problem is aggravated. This is a problem which is
common to all large area platforms regardless of the type of
structure or deployment method.

o Deployable area structures which deploy in two directions (i.e.,

length and width) possess certain drawbacks which are not present in
other concepts:

- Difficulty of controlling and holding the platform while it is
deploying.

- All bays deploy simultaneously in both directions, with root
strength not achievable until full deployment.

Rockwell Inc. is not aware of the need for such an area platform application
for the time period 1990-2000 other than solar arrays and antennas being
developed in other study contracts. Therefore, with the concurrence of
NASA/MSFC, the design of a deployable area platform was discontinued.
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1.% DEPLOYABLE PLATFORM SYSTEMS CONCEPTS

This section describes the individual component concepts developed that, in
total, comprise the basic building block (Pigure 1) trom which automatically
deployable platform systems can be constructed:. The basic components (FPigure
1.3-1) are the deployabls truss, utilities integration system, deployment
mechanization and rail system, the main housing into which the foregoing
systems are folded during launch, and the end adapter. '

The candidate designa for each of the aforementioned components are discussed
in this section. In Section 1.4, the candidate components are integrated into
total building blocks. Also, in Section 1.4, the integrated dbuilding-block
designs were used to conatruct the generic spacecraft configuration, starting
wvith packaging in the orbiter and ending with the fully deployed basic
platform system.

The following section discusses the candidate designa developed for each of
the building-block components discussed above.

1.3.1 Deployable Trusses

The establishment of the candidate deployable truss concepts gave serious
consideration to the applicability of existing concepts. The search included
review of in-house documents, the applicable documents listed in the four
Large Space Systems Technology (LSST) bibliographies (Reference 12), and
reviews of reports and discussions with the associated study managers of
concepts recently developed/documented. Figure 1.3-2 illustrates most of the
designs that were compiled as a result of that effort. 3Barring unseen
proprietary designs, there is no deployable structure panacea, i.s., a
structure that can be doubly folded into a very compact configuration (with
utilities integration) that can be integrated into an automatically deployable
platform system.

?igure 1.3-2 encompasses flight-proven designs, designs for which
demonstration models have been made, and proposed concepts. These designs
vere reviewed on the basis of their suitability to satisfy the adopted
strength and stiffness requirements and complement of utilities; compatibility
with the total building-block approech; and compatibility with the sirngle bay
at a time deployment approach with maintenance of root strength during
deployment. The designs using X-braced tension cables such as designs A, B,
G, H, and K reprnsent single-folded structures ¢hat are not compatible with
the adopted GJ stiffness requirements.

The same comment is applicable to Concept F. A demonstration model of this
concept was observed at the ATAA symposium in Long Beach, California, held on
May 14, 1981. The design is a box truss containing circular longerons and
I-section battens into which the longerons nest during stowage. The diagonal
system uses X-braced tension straps preadjusted on the ground, so the preload
is induced upon extension/locking of the longerons. Strap tension is
approximately 45 N. No evidence of utilities integration was present in the .
model cell, which was approximately 4.6 m on its side. Demonstration of the
model was presented by a series of staged slides. The basic deployment
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BASIC BUILDING BLOCK

DEPLOYABLE
TRUSS

END
ADAPTER

MAIN
HOUS ING
UTILITIES —
INTEGRATION SYSTEM DEPnggezz,ﬂegsgﬁéﬁAT'°N

Figure 1.3-1. Deployable Platform System Components
—Basic¢ Building Block
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}@: AstroResearch ® Martin ©) Rockwell ___
ARTICULATED 3%1“088 , ’{4"?‘ 'Sﬁ%g-nmm_ :?:‘s' A |
=2ggzaou X-BRACING - TRANSVERSE FOLD

r@ AstroResearch ) Harris =1 |® Rockwell ___,
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SUPPORT 4 £ PRACED — Q\, Y.
STRUCTURE £ TOWER ¥ LONGITUDINAL

FOR SEASAT SEGMENT !,\ v FOLD
F@S General Dynamics ® Tockheed O® Rocmuw
@ K-BRACES —
TETRAHEDRAL | Tapemen LONGITUDINAL
TRUSS TUBE FOLD

INCORPORATE INTO CANDIDATE CONCEPTS

0] ®

TETRAHEDRAL TRUSS |~ MECHANIZATION
SYSTEM

Figure 1.3~2. ‘'Review of Applicability of
Industry Existing and Rockwell IR&D Designs

concept (obtained from Reference 8), however, for one bay at a time deployment
utilizing stored strain energy (with retention of the remaining structure) was
used initially in the development of Concepts 4 and 6.

Concept E has been successfully tested in the Neutral Buoyancy Tank at MSFC
(References 9 and 11). This design has a limited length storable in the
Shuttle cargo bay, since the longerons are not folded. This concept is
regarded as essentially an erectable concept, and was not considered further,
since no apparent method was foreseeable to use this concept in an
automatically deployable platform system. The Rockwell-proposed designs (1
and J) were not considered further for the same reason despite the attractive
feature of non~folding longerons.

Concepts L and M were not pursued further because of poor packaging

characteristics. Concept C (Reference 10) was not significantly different
from Concept 1 (Figure 1.3-4).

Concept D represents a very efficient double-=folded structure. The basic
structure mechanization is quite simple (in the context of the complexity of
double folding). Examination of the demonstration model (courtesy of General

Dynamics) revealed well designed joints (concentric load paths and & minimum
of material). This concept was therefore included (as Concept 3) in the
candidate designs, although difficulty with integration into an automatically
deployable spacecraft configuration was anticipated. Unquestionably, the
design is extremely attractive in an erectable platform system that, through

use of a fixture, joins together numerous deployable truss modules.
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The development of new truss concepts resulted in the matrix of truss designs
shown in Figure 1.3-3. This matrix of designs was derived to include the
scope of single and double-folded designs, a design with X-~braced tension
cables that could satisfy the GJ stiffness requirements, and designs using
triangular and ajuare cross-sections. The -atrix of these design variations
is shown in Tadble 1l.3-1.

@ _P_I_UVIHWM. TRUSS (LONGITUDINAL FOLD) @ WARREN TRUSS (LONGITUDINAL roLd)
’-',mu '

-

PYRARI B,
L L L)

@ GO _YEYRAMEORAL TAUSS (DOUSLE FOLE)

X-BRACED TRIANGULAR TRUSS WITH
¥ NG BATTEN

! @ TRIANGULAR TRUSS WITH
“YELESTOPING BATTENS

Figure 1.3-3. Candidate Deployable Platform Structure Concepis

All of the designs shown (Figure 1.3-3) satisfy the requirements in Section
l.1, with emphasis placed upon:

) One bay at a time deployment to maintain root strength during all
phases of deployment. A rail system is provided on the
building-block main housing for root strength. Upon completion of
deployment, the main load pa*h from truss to truss is through the
adapters and main housing (Sectior 1.3.4).

() Satisfaction of the adopted strength and stiffness requirsments in
Section 1l.1.1.

0 Capability to be integrated into the building block concept shown in
Figure 1. For example, the matrix of design variations (Table 1.3-1)
includes no designs that have only a lateral fold despite the signif-
icant advantage of such a design. Such a design could have clevis
joints in the longerons approximately 17 m apart.
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Table 1.3-1.
Matrix of Truss Variations

LONGITUDINAL FOLD
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MEMBERS

LONGI TUDINAL AND

LATERAL FOLD

GEOMETRIC
SHAPE

LATERAL FOLD
TENSION CABLES

Q|6

©

S
S)
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The eight truss concepts shown in Figure 1.3-3 are discussed in detail in
Section 1.4. The structural drawings are presented in Voluuie II. The main
features in the development of each of these trusses are as follows:

(o}

Concept 1 (Figure 1.3-4) utilizes the kinematic advantage of the
General Dynzmics (GD) tetrahedral truss (for a single-folded
design), the folding advantages of nesting the longerons and
diagonals into the pyramidal members, and provision of clear
space for utilities support trays.

Concept 2 (Figure 1.3-5) utilizes the high packaging efficiency
of the offset longerons and sheur panel as shown., The design
requires only the diagonals shown in the top plame. Redundancy
for meteoroid impact can be provided by addition of lower plane
diagonals. The shear panel was used to provide lateral stiffness
to the hinge line member to minimize deflection due to the offset
longerons.

Concept 3 (Figure 1.3-6) is included for the reasons discussed

‘previously.

Concept 4 (Figure 1.3-7) places emphasis on structural simplicity
(in contrast to the designs of Concepts 2, 3, 5, 7, and 8), both
in regard to member shape and kinematics. All the structural
members are circular tubes, with folding of the longerons and
telescoping of the diagonals as shown.
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PYRAMIDAL MEMBERS

LATERAL
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SECTION A-A

SHOWING LONGERONS NESTING IN
THE PYRAMIDAL MEMUERS

Figure 1.3-4. Concept l-——Pentahedral Truss

DIAGONAL

HINGELINE

MBE
SHEAR MEMBER

PANELS

LONGERON

Figure 1.3-5. C(Concept 2-—Warren Truss
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) Concepts 5 and 7 (Pigure 1.3-8) utilize the advantages of double
folding (increased structure depth, fewer members and joints, and
increased packaging efficiency) with provision of a rigid main
housing structure. Both concepts utilize telescop:ng battens to
deploy laterally to the larger cross-section shown. The increased
depth provided by the double-fold permitted consideration of
X-braced tension cables (Concept 5). However, in view of the ever
present concern for maintaining cable tension throughout the thermal
variation spectrum, a design with compression diagonals was
considered (Concept 7).

CONCEPT 7
) _
O \
END VIEW Q y

STOWED END VIEW y.”

DEPLOYING THE FIRST FOLD [

TENSION STRAP
CROSS-BRACING

DIAGONAL

LONGERON

Figure 1.3-8. Concepts 5 and 7—Truss

) Concept 6 (Figure 1.3-9) establishes a square truss version of
Concept 4, i.e., the same emphasis upon structural simplicity.
The square truss can be either statically determinate (battens
braced at end bays only) or redundant (all batten bays braced).
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Figure 1.3-9. Concept 6—Truss

Concept 8 (Figure 1.3-10) has the advantages of the square truss
(redundancy, ease of building-block to building-block attachment,
accommodation of payloads), but with the high packaging efficiency
achieved through nesting of the longerons into the battens, and
the availability of the total area inside the batten for mounting

———~

N

utilities in trays.

l)l\;) "'.a
==

\ FOLDING LONGERONS
TELESCOPING DIAGONAL

DETAIL OF JOINT

Figure 1.3-10. Concept 8—Truss
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1.3.2 Utilities Installations

1.3.2.1 Requirements/Objectives

The requirements/objectives for installation of the utilities into the
deployable structure are as follows:

o

Incorporate the adopted requirements for power, data, signal and
fluid lines established in Sections 1.1.2 and 1.1.3.

Growth capability is desirable.

Automatic deployment, as part of the building block, in space and on
the ground with manual or ground support equipment (GSE) assistance
if necessary.

Retraction in space is not necessary, but on the ground retraction
is required with manual or GSE assistance if necessary.

Minimum number of joints/connections along a truss with no joints
preferred.

Minimum number of in-space connections with none being preferable.
This depends as much on the method of integrating the building
blocks into the platform, as it does on integrating the utilities
into the building block.

On the ground end-to-end checkout is highly desireble including all
building blocks and possibly small payloads with no break/remake
connections between ground checkout, loading in the orbiter, and
final deployment. :

Protection from adverse environments (thermal, radiation, vibration
during launch)

High reliability
Weight - not a big driver for LEO but important for GEO.

Separation of power and data/signal lines (minimum electrical
interference)

Accessibility - ease of installation, maintenance and replacement,
and accommodations of design changes

1.3.2.2 Installation Methods

Four general methods for installation of utilities were investigated;
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o In trays
o In coils or loops of several configurations

o On the outside of structural members; for example, secured
to the outside of longerons

o Inside structural members such as the longerons

The results of a design review are shown in Table 1.3-2. The conclusions to
be drawn from this review are:

o No one method of utilities installation is best for every
configuration and mission.

o If room is available, the tray method is preferred for
integration of a large quantity of utilities.

o For a limited number of utilities, installation on the outside
of longerons is preferred.

1.3.2.3 Fluid lines

The fluid lines are nominally two centimeter diameter flexible lines
containing Freon for cooling purposes. Other sizes and shapes are available
to suit the specific requirements of the various configurations investigated.
The two main problems encountered in using such lines are the bend radius and
associated bending moment, and temperature control.

The bend radius required in any truss installation depends on the pitch
distance between batten frames in the packaged configuration. The designer
naturally attempts to keep this distance as small as pcssible to obtain a high
packaging ratio, hence the importance of bend radius. If it is necessary to
maintain the folded line in one plane the best bend radius obtainable is equal
to the pitch distance less half the diameter (Figure 1.3.~-11). If it is

ossible to overlap the lines out of plane, the bend radius can be increased

The acceptable bend radius of a 2-centimeter-diameter flexible fluid line is 3
centimeters with an associated bending moment of 7 N¥m (courtesy of Metal
Bellows Corp.). In the event that a 2-centimeter-diameter line cannot be
installed, there is always the alternative of using a greater quantity of
smaller lines i.e. four 1.4 centimeters diameter lines. Another interesting
possibility is the "race-track" shape (Figure 1.3-11) which permits a small
bend radius. Table 1.3.-3 lists some characteristics of utilities installed
on the Rockwell building blocks. In cases where the permissible bend radius
of the installation falls below that which is recommended for a 2 centimeters
diameter line, the system uses smaller lines.

Fluid lines require thermal insulation to prevent the Freon from freezing
during eclipse periods. Six layers of MLI (multi-layer insulation) is
estimated to be sufficient protection (Section 1.1.3). The MLI is retained on
the outside of the flexible line by a loosely woven nylon jacket which will
not interfere with the flexing of the line.
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Table 1.3-2. Comparison of Utilities Installation

I CON I

ﬁ METHOD I PRO
©® SIMPLE INSTALLATION=—=PERMITS

® EXTRA COST
STRUCTURAL ASSEMBLY, RIGGING, AND | . :
TESTING PRIOR TO UTILITIES INSTAL- | ® EXTMA VEIGHT (GE0)
LAT I ON ® EXTRA SPACE
® ACCESSIBLE FOR DESIGN CHANGES
© EASE OF MAINTENANCE & REPLACEMENT
TRAYS ® GOOD GROWTH POTENTIAL
© METEOROID IMPACT PROTECTION
© SEPARATION OF POWER AND DATA
® GOOD SUPPORT FOR LAUNCH
© DISPERSED AGAINST METEOROID IMPACT
® GOOD HEAT DISSIPATION FOR ELECTRIC
POWER LINES
® SIMPLE INSTALLATION—PERMITS ® GROUND CHECKOUT— INCREASED FOLDING
STRUCTURAL ASSEMBLY, RIGGING, AND TIME
TESTING PRIOR TO UTILITIES INSTAL~
TN ® LINITED GROWTH POTENTIAL
CO:LS o ACCESSIBLE FOR DESIGN CHANGES ® NG NETEOROID IMPACT PROTECTION
L00PS ® EASE OF WAINTENANCE & AEpLACenENT | © \OT D1SPERSED AGAINST HETEOROID
® LIGHTWE!GHT, LOW-COST INSTALLATION | o \aincH SUPPORT COULD BE PROBLEM |
© FAIRLY GOOD HEAT DISSIPATION FOR | °
ELECTRIC POWER LINES
® GOOD SEPARATION OF POWER AND DATA
® LARGE BEND RADII OF LINES
© SIMPLE INSTALLATION ® LIMITED NUMBER OF UTILITY LINES
® ACCESSIBLE FOR DESIGN CHANGES ® MAY NOT BE ABLE TO SEPARATE POWER
ouTsiDE | ® EASE OF MAINTENANCE & RepLAcemenT | AND DATA
L | e coon suevont on Lavken © NO METEOROID IMPACT PROTECTION
® GOOD HEAT DYSSIPATION FOR ELECTRIC | °® ?::Ag;ssrenssn AGAINST METEORQ!D
POWER LINES
® LOW-COST, LIGHTWEIGHT INSTALLATION
© METEOROID IMPACT PROTECTION ) SHA%L BEND RADI | o; LINES
NEW TECHNOLOGY
@ GOOD SUPPORT FOR LAUNCH ® MAY REQUIRE INCREASED LAY ANGLE
© LIGHTWEIGHT INSTALLATION . (INCREASED WEIGHT & LOSSES)
© DIFFICULT TO INSTALL=={NSTALLATION
INSIDE DURING PIECE-BY-PIERE STRUC. ASSY.
of ® NOT ACCESSIBLE FOR DESIGN CHANGES
STRUCTURAL ® DIFFICULTY OF MAINT. & REPLACEMENT
MEMBERS ® GROWTH POTENTIAL POOR
® MAY NOT BE ABLE TO SEPARATE DATA
AND POWER
® NOT DISPERSED AGAINST METEORO!D
INPACT
® POOR HEAT DISSIPATION FOR ELECTRIC
POWER LINES
© NOT SUITABLE FOR SMALL MEMBERS
(SMALL PLATFORMS)
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RACETRACK CROSS-SECTION
SHAPE PERMITS REDUCED
.BEND RADI I

! BEND RADIUS

'--4 PITCH

Figure 1.3-11. Utilities in One Plane

BEND RADIUS

Figure 1.3-12. Utilities with Overlap and
Increased Bend Radius
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Table l.3-3. Electrical and Fluid [tilities Characteristics

ELECTRI CAL

FLUID
| BEND ' BEND
CONCEPT METHOD METHOD

| TRAYS 6.3 TRAYS 12
2 TRAYS 3.3 OVERLAP FOLDS 20
3 colLs 24.0 OVERLAP FOLDS 20
4 OVERLAP FOLDS 22.3 OVERLAP FOLDS 14
5 TRAYS 2,9 TRAYS 4
6 OVERLAP FOLDS 22.3 OVERLAP FOLDS 14
7 TRAYS 2.9 TRAYS 4
8 TRAYS 2.5 TRAYS 3.1
8 LONGERONS 20.3 LONGERONS 20

1.3.2.4 Electrical Utilities

The electrical utilities consist of power lines; twisted shielded pairs for both
signal and data lines; and for data lines, fiber optics and coaxial.

The twisted shielded pairs and coaxial lines are of small diameter and are
flexible and pose no problems pertinent to folding in the trays or into loops
as required. The type of overall platform design envisioned by Rockwell
avoids the problems of multiple coaxial connectors. There-are no coaxial
connectors on the truases where flexing occurs and, since the entire platfom
is packaged and deployed as a unit without piece-by-piece &ssemdbly, there are
very few connectors in a line which may run from one end of the platform to
the other, traversing several building blocks in the process.

Fiber optics are sensitive to radiation degradation and to cracking caused by
thermal cycling. Also, at low temperature some fiber optics cease to
transmit. The present drive in the industry is to improve fiber optic
materials and to develop shielding to overcome thess problems. This is listad
as a line item in the technology development section. In the event fibder
optics are not ready for 1986, copper lines can be used instead.

Power lines for space platforms do not need the heavy insulation commonly
found on electrical cables for earth applications. There is no moisture
problem in space and no requirement for "idiot proof ruggedness”.
Consequently, a light, loosely woven insulation is recommended. Such
insulation will save weight, enhance flexibility, and avoid cracking when
folded.

The acceptable bend D/d ratios associated with the sizas of power cables
selected are shown in Table 1.3-4.
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Table 1.3-4. Permissible Electrical Conductor D/d Bend Ratios

BEND RADIUS '
CABLE SIZE 0/d (cm)
0 6 2.45
2 6 1.96
4 £ 1.55
WIRE BUNDLES 10 23

The actual bend D/d ratios (Table 1.3-3) all exceed these acceptable values.

The permissible D/d shown in Table l.3-4 were obtzined by review of the par-
ametric data (Flgures 1.3-13 through 1,3-16) furnished by Tension Member
Technology (TMT). The review used a maximum permissille strain of 2.5% based
on upward adjustment of the strain data shown in Figure 1.3-18 since the data
shown are for cyclic reversal of strain which does not occur in the bending of
the cables. Further, the value of 2.5% is regarded as reasonable since the
following analysis includes the strain imposed during fabrication of the cable
which occurs only once. The basis of the 40 cycles of strain shown in Figure
1.3-17 comes from the assumpticn of 10 cycles of folding (during installation,
checkout, and final deployment) multiplied by a scatter factor of 4.

The analyses are all based upon the use of a l5-degree lay angle (essentially
standard cable fabrication practice).

o For a No. 2 conductor a maximum strain of 1.5% is determined
from Figure 1.3-13 for D/d = 6. The D/d = 6 is conservative.

o For a No. 0 conductor a maximum strain of 1.1% is determined
from Figure 1.3-14 for D/d = 6. The D/d = 6 is conservative.
o For a 1 x 7 wire bundle comprised of No. 2 conductors, from

Figure 1.3-15, the curvature ratio for bending to a D/d = 10
is 19, the initial wrap curvature is 32, From Figure 1.3-13
the maximum possible strains are respectively 1.2 and 1.15%,
or a total of 2.35%. A 1 x 7 bundle of No. O conductors is
less critical, It is pertinent to note the c¢yclic strain
is less than half of the total strain.

o Al x 19 wire bundle to a D/d = 10 will have less strain.

The bending moments associated with bending these cables, to the D/d ratios
discussed herein, are not significant to the concept development. TFor example,

the limit bending moment incurred in bending a No. O cable to a D/d = 6 is
0.7 Nm.

The background for the foregoing analysis is based upon the additional docu-
mentation (and discussions) provided by TMT as follows:

The bending of a helically wound cable produces bending, extensional, and

torsional strains in the individual cable elements. The bending strain is a
result of the change of curvature of the elements as the cable is bent.

1-45

TR e A TS T T ek AL e Y

s T S e



ORIGINAL PAGE i$
OF POOR QUALITY

+4144
-

.
=
EEZ.O -~ S
7 == o0/d=bt £ = =
Q Jx . ~ g - cm—
z - - ™ oy
= 0/d = 6 = e ¢ O -0 =w, 420
i - - L ~ q;?- D - Bend Diameter
S 1’0 e : : d - Cable Diameter
0.9 - 177 0
0.8 /
207 ’
0.6 = C 5 3
4 0/d = 10 = 9
0.5 - = =
e =0/d = | e e @
0.4 == == 3 =
=7 —7—J 0/d = INFINITY
0.3 E==A— T - e
0 S 10 15 20 25 30 35 40

LAY ANGLE(S), DEGREES

Figure 1.3-13. Maximum Bending Strain
—No. ¢ Conductor

1-46



MAXIMUM BENDING STRAIN

o © © O -
o N ®» v o

ORIGINAL PAGE 15
OF POOR QUALITY

: [p— :
+ -
X le -
- - > e -
1 ¥
=
I ° ~0= g9, 90 E
"zt»'— e A~0 w0, ¢ =0 -
- D - Bend Diameter -
/ d - Cable Diameter
hegme— . —— C
——— = I -2
o - - P ‘
w4 J. ;' - ‘
- -
g > = 1
h— 4 1 [ 2y ‘
1 N 1 prmom il
4 - St -
== ¥ - ——— it — 1
— - —3—— ¢ -
- S - =
- - '
= =
e cvem . T
| s—— s T— o
A e s
0 5 10 15 20 25 30 35 40

LAY ANGLE(S), DEGREES

Figure 1.3-14. Maximum Bending Strain
—No. 0 Conductor

1-47



MINIMUM BENDING CURVATURE RATIO (1 X 7 STRUCTURE)
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Extensional strain occurs when the elemzats of the cable are nrovented from
axial movement due to friction forces gsmong them, thus requiring the elements
to elongate or foreshorten to comply with changes in their local path length
as the cable is bent. This friction-induced extensional strain of the cable
elements is in addition to any strain which may exist due to tensile loading
and elongation of the complete cable assembly. Torsional strains are the
result of twisting of the individual elements due to bending diastortions of
their helical paths. '

Both the bhending and torsional strains induced in individual cable elements
become smaller for decreasing element size relative to the total cable size.
Extensional strains due to bending become smaller with reduced values of
internal cable friction.

The analysis described in this report assumes that both the extensional and
torsional strains are negligible and that only bending strains are
significant. This assumption is valid for a frictionless cable wherein the
elements are free to move axially with respect to each other. The known
techniques for approximating this frictionless condition are the utilization
of ample cable lubrication and/or a "loose pack"” catle design. For some
applications, low cable friction can be achieved by enclosing the cable
assenbly within a loose-fitting tube or hose which contains a lubricant such
as a liquid fluoropolymer. Of course, such a design is not suited for
deployable space structures. However, a "loose pack" cable design is quite
appropriate. In such a cable, the individual elements ideally are helically
wound and held loosely together with some average spacing among them. The
result is a nearly frictionless cable which provides for minimum atrain on the
individual elements during cable bending.

The No. 2 (19 x 35) and No. O (19 x 55) cable constructions are defined as
"cables" which consist of 19 "strands,”" each of which consists of a number of
"elements” (35 and 55, respectively). The 19 strands are arranged with one
strend in the center of the assembly, a layer of six strands around the center
strand, and a layer of twelve strands around that. The 1 x 7 and 1 x 19
constructions are defined as "cables" (or "strands") which coasist of a number
of "elements" (7 and 19, respectively). In each case, the "elements" are the
smallest subunits of the construction.

The numerical analysis included computation of the bending strains induced in
the individual cable elements both during original manufacture of the cable
assembly and as a result of bending this assembly to various ratios of bending
diameter to cable diameter. Figures 1.3-13 and ~14 show the results of this
analysis for the No. 2 and No. O cable constructions. For this analysis, it
was assumed that the helical direction of the elements within the individual
strands was opposite that of the strands in the complete cable assembly. It
was also assumed that the 19 strands were manufactured as a "bunched" strand
configuration. Furthermors, the analysis required that the lay angle of the
elements within the strands be equal to the lay angle of the strands within
the cable assembly. Without this restriction, the analysis would have
required an additional plotting dimension.
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The curves in Figures 1.3-13 and ~14 are dimensionless and can be applied to
ahy size cable made with the indicated configurations. On each of these
curves, the reference angle O defines the location of the strand within the
cable (O = O corresponds to the strand furthest from the center of curvature
of the entire cable assembly). Similarly, the reference angle ¢ defines the
location of an individual element within that stran: ¢ = O corresponds to

the element which is furthest from the cable centerliun... The combinations of
© and @ indicated in these figures correspond to the locations of the

maximum element bending strain (minimum radius of curvature).

Phe curve for D/d = infinity corresponds to a straight cable assembly and
indicates the maximum bending strain (minimum radius of curvature) in
individual elements as the result of the elements being formed into a doutble
helix during the cable manufacturing process. The location of this maximum
bending strain corresponds to @ = 0 for all values of ©. In other words,
for a straight cable, this maximum bending strain occures in the cabls
elements which are furthest from the cable centerline.

The remaining curves for various values of D/d indicate the maximum bending
strain (minimum radius of curvature) in the individual elements after bending
the entire cable assembly. In all cases, this maximum bending strain is that
which is produced as a cable element, which is initially straight, and assumes
some final radius of curvature in the bent cable assembly. Not included in
this analysis is any initial state of strain which the individual elements may
have had as the result of wire drawing or heat treating processes occurrzng
prior to the elements being formed into the cable.

Note that the location of the maximum bending strain changes as a function of
both the element lay angle and the ratio of the bending diameter to the cable.
diameter. The reader is cautioned against attempting to take the difference
between the D/d = infinity curve and any other curve to determine the change
in element bending strain due to bending the entire cable assembly. This
procedure will not yield accurate results in all cases; since the site of
maximum bending astrain within a straight cable may be different than the site
of maximum bending strain within a bent cable. Furthermore, even if the sites
of maximum bending strain are identical in both the straight and bent cable,
it is possible that for some cable geometries and bending diameters, the
radius of curvature of :in individual element may pass through infinity as the
cable is bent, thereby producing a change in strain due to bending which is
greater than the net bending strain which exists either before or after the
cable is ltent:

Pigures 1.3-15 and =16 for the 1 x 7 and 1 x 19 configurations indicate the
minimum bending curvature ratio, which is the minimum radius of curvature of
an outer layer element divided by the radius of that element. Again, these
curves are dimensionless, and they can be applied to any size cable made with
the irdicated configuration. The curve for D/d = infinity can be used to
describe the minimum radius of curvature of one of the outer elements in a
straight cable. The remaining curves indicate the minimum radius of curvature
of one of the outer cable elements after the cable is bent.
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All the four curves have been corrected to take into account the fact that the
diameter of the complete cable assembly increases with increasing lay angle of
the individual elements and strands. In other words, for a D/d ratio of 10, a
larger bending diameter is required for a cable assembled with 20-degree lay
angles than is required for a cable assembled with 10-degree lay angles.

The curves in 1.3-13 and ~14 may be used directly to determine the maximum
bending strain produced in an individual element of a No. O or a No. 2
conductor as the result of the original cable manufacturing process or as a
result of bending the cable to a specified bending diameter. It is important
to note, howsver, that when sstablishing a value for D/d, the "d" applies to
the outside diameter of a bare conductor. Any insulating jacket which is
applied over the conductor must be ignored for purposes of determining the
meximum strain.

All the curves require that the lay angle of the cable component be srecified
in order to determine the maximum bending strain or the minimum bending
curvature ratio. For a cable component which follows a simple helical path,
the lay angle is defined as:

Lay angle = Arctan 21nr

r
where

r = the pitch radius of the cable component ‘as measured
from the axis of the helix to the center of that
component, and

2 = the lay length of the cable component (the distance
measured along the axis of the helix corresponding
to one helical pitch of the cable component).

1.3.3 Deployment Mechanization Concepts

The requirements for the deployment mechanism are:

0 Automatic deployment - in space, on the ground manual or GSE
assistance is permissible.

o] Retraction is nice but not a firm requirement.
o One bay at a time deployment.

° Controlled rate of deployment. Sometimes it may be necessary to
synchronize several trusses being deployed.

o Root strength of truss maintained throughout deployment.

o Suitable for use with the building block approach for deployment of
a platform.

0 Compact or foldahla.
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o High reliability.
o Suitable and safe for EVA operations in the event of a malfunction.
o Able to generate extra force in the event of a "hang-up” or jam.

The following sections describe the deployment techniques concgiiered in this
study.

1+3.3.1 Pressurization

Pressurization systems were investigated but no suitable applications were
discovered.

1.3.3.2 Cable Deployment Systems

Cable systems are sometimes used for deployment and/or retraction of trusses
and similar structures. They may be used as the prime motive source or in
conjunction with deployment springs, in which case the cable may function as a
restraining device. Cable syastema tend to deploy all the bays of a truss
simultaneously or in a random fashion. This may be acceptable for a single
truss but is no* acceptable for a system with many trusses. A remedy for this
uncontrolled deployment is to tie all of the batten frames together by latches
which are released sequentially. Alternatively a "hold-back” sequencing
mechanism can be incorporated in the main housing. Another and more complex
method is to have a separate cable system for each bay.

Depending on the truss being used, a cable system will probably not develop
root strength of the truss unless it is aided by auxiliary guide rails.

Although cable systems were investigated, the truss concepts developed herein
were not appropriate for the use of cables.

1.3.3.3 Stored Energy Deployment Systems

Of the stored energy devices available, mechanical springs are the most
suitable for truss deployment. Other devices such as gas cylinders are more
complex'and bulky &nd less relilable. Mechanical springs used may be tension,
torsion, compression, leaf or any of the other forms available.

Spring deployment systems have many of the same characteristics as cable
systems; simultaneous bay deployment, lack of accurate control over deployment
rate, and lack of root strength development. These drawbacks can be overcome
by the addition of other devices, such as restraining cables, sequenced
latchz2s and guide rails.

Concepts 4 and 6 were initially designed for torsion spring deployment using
sequenced mechaniasms as shown in Figure 1.3-18. This is a mechanism which
holds adjacent '.ttens together as part of the truss stowed stack. Upon
receipt of a ccszaand signal, a fuse wire which holds together the two halves
of a nut is melted. The nut and bolt separat: and the batten is free to
deploy under the influence of torsion springs (not shown).
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Figure 1.3-18. Latching Mechanisms
between No. 2 and No. 3 Battens

Spring deployment is usually not as positive as a mechanical drive. It is
sometimes difficult to obtain a reserve of force without inducing unwelcome
accelerations in the item being deployed. For longerons which unfold and
move to an over center or "in line" configuration, light springs located at
the longeron center hinge are very useful. They can provide a kick over the
last few degrees of movement which is difficult to obtain by other means.
Such springs were used in the design of longeron latches as shown in

Figure 1.3-19.

® LONGERON: OVER CENTER LINKAGE HINGE ® LONGERON: CENTER LATCH

Figure 1.3-19. Longeron Latching Mechanisms
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1.3.3.4 Mechanical Deployment System

The mechanical deployment system used is the same or equivalent to the recipro-
cating tape and pulley with integral guide rails develcped by General Dynamics
for their tetrahedral truss (Figure 1.3-20).

Figure 1.3-20. Deployment Rails
and Mechanism

The system consists of two guide rails (Figure 1.3-21), each carrying a tape
and pulley arrangement which advances to deploy one bay, then returns to
deploy the next bay. To completely control the motion of the truss and to
develop root strength, the guide rails need to extend a distance of two
deployed bays from the front of the stowed truss stack. The mechanism needs
to extend only hal? way along that distance. The pulleys are motor driven
and are controlled electronically. A method of folding the guide rails and
mechanism is shown on Drawing 42712-016, sheet 4 (Volume II).

DNVE/MTOI

Figure 1.3-21. Detail of Deployment Rail
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For a truss whose profile changes during deployment (Concepts 1, 2 and 3) the
two rail system just deacribed is used. However, for trusses whose profile
does not change during deployment (Concepts 4, 5, 6, 7 and 8) a variation is
available. It is possible to use 3 or 4 guide rails, (depending on whether
the truss is triangular or square) the length of the rails being equal to only
one bay in front of the stowed truss stack. The operation of the rails and
mechanism remains essentially unchanged.

The reciprocating mechanical deployment system is the design selected for the
deployable platform. It meets all of the requirements and does not suffer
from the drawbacks of the other systems considered.

1.3.3.5 Payload Deployment

One problem associated with the use of guide rails srises when extending a
truss which has a payload or module so wide that the guide rails cannot
straddle it, (Figure 1.3-22) and therefore cannot be unfolded until the truss
has sxtended and moved the large payload out of the way. Obviously, if the
guide rails are not in position when the truss/payload is moving, there is no
root strength developed.

HOUSING

i <"~
I = s

RAILS RAILS IN
STOWED POSITION

Figure 1.3-22. Deployment Rail Issue
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There are several possible solutions.

Solution 1: Use fixed rails (Figure 1.3-23). This design uses more stovage
length in the orbiter and the large payload is not supported
directly from the main housing.

]

R ¢ — )

,\,'/ H

Figure 1.3-23. Fixed Rail Method

Solution 2: Penetrate the module (Figure 1.3-24). It is not likely that the
rails would be allowed to penetrate an actual payload but it is
quite possible that they could penetrate a structursl module.

Figure 1.3~-24. Penetration Method

* Solution 3: Spar bsoms (Figure 1.3-25). This appears to be the most feasible
solution to the stated prodlem for situations with payloads and
modules as well.

RAILS IN POSITION

- (=]
'74<f77 ' 7 /
—L— - 1 /\' de , N A .
M- AN RN N
PiL \ PIL
2 SPAR BOOMS RAILS STOWED BOOMS RELEASED
EXTENS IONS & RETRACTED

Figure 1.3-25. Spar Boom Method
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1.3.4 Main Housings and Adap}ers

This section describes the array of main housings and adapter designs (Figure
1.3-26) developed for the candidate concept trusses (discussed in Section
1.3.1) that are compatible with the building-block concept. Additional
information is provided in the drawings listed in Volume II.

Emphasis in the drawing development was placed upon conceptual rather than
detailed design. Of primary concern was the overall concept integration with
the truss, rail system, accommodation of docking ports and payloads, and
suitability for inter-building-block attachments. Sufficient detail was
presentsd to support the weights and cost analyses (Section 1.4).

The primary functions of the housings are as follows:

o Attachment of the deployable truss, mechanization, and rail
system components,

0 Attachment of electrical, data, and fluid utilities feed-through
connections (as required).

o Provisions for mounting of docking port support rings for orbiter
berthing or payload attachment.

o Provision for structural attachment with adjacent building-block
housings and/or adapters with accommodation of the variations in
the building blocks orientation.

o] Provision for structural attachments for orbiter installation.

The structural concept for all the main housings shown is expected to be built
up from numerically controlled integrally machined aluminum panels (2219-76 or
equivalent) to a truss or skin-stiffened construction depending on the
specific design conditions. Thermal gradients can be greatly minimized to
reduce the local thermal distortion (if required). If aluminum is not
adequate, (depending on the pointing accuracy requirement) the main housing
can be constructed of composite materials, but with increased cost.

The adapter functions are as follows:

0 Provision of attachments to mount onto the extremity of the baaic
deployable truss.

o Provision of all hardware to permit subsequent RMS attachment of
payloads, RCS modules, and/or orbiter berthing ports.

o Provision of automatic electrical and fluid line connectors.

o Provision of structural stability to the main housipg during
orbiter boost. ’
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Figure 1.3-26.

Candidate Housing and Adapter Concepts
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While three concepts are shown for the adapter, the most likely construction
is that of a numerically controlled, integrally machined aluminum design
(thermal stability permitting). The machined panel permits t.L . greatest
flexibility for mounting of latches, connectors, etc.

1.4 DEPLOYABLE PLATFORM SYSTEMS CONCEPT INTEGRATION

This section describes the integration of the specific deployable truss
concepts (1.3.1), utility folding concepts (1.3.2), deployment mechanization
concepts (1.3.3) and main housings and adapters (1.3.4) into 8 candidate
building block concepts that are subsequently compared in the concept
selection study of Section 4.

Unquestionably, a comparison of these diverse designs for satisfaction of a
specific platforms unique configuration and performance requirements
represents an ample challenge but is possible withirn the scope of this study.
Ccuparison of the 8 concepts for more than one platform of different size,
strength, stiffness, and utilities accommodations needs, while preferable, was
beyond the scope of this study. The best ..apromise therefore, was to perform
the comparison in detail (production of drawings) for one baseline platform
designed to one set of baseline requirements and, to the maximum extent
possible, analyze and/or review the implications associated with departure of
size and requirements from the baseline.

The generic platform described in Section 1.2 was the baseline platform, with
the adopted strength, stiffness, and utilities accommodations representing the
baseline requirements. All 8 concepts were constrained in size to permit
packaging of the generic platform in the orbiter as schematically shown in
Pigure 1.4-1. Additional details pertinent to packaging are shown on Drawing
42712-020 (Volume II). The resulting deployable truss dimensions are shown on
Figure 1.4-2. It is recognized that other options for each concept are
possible. The options shown were the most likely at that point in the study.
In fact, Concepts 2, 6, and 8 were subsequently (after completion of
structural and thermal analyses) packaged as shown in Figure 1.4-3, permitting
an increase in the truss width and depth. Hence, the data shown in Section 4
for these concepts are slightly pessimistic.

. d \ /
CONCEPT | CONCEPT 2 CONCEPY )
CONCEPTS &, 5, 7 CONCEPTS 6 ¢ 8

Figure 1.4-1. Concepts for Packaging of
Generic Platform
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NOTE: All dimensions
are in meters.

Figure 1.4-2. Structural Concept Dimensions
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Figure 1.4-3. Final Concept for Packaging
(Concepts 2, 6, and 8)

Referring to Figure 1.4-2, it is pertinent to note that the largest truss
dimensions compatibhla with orbiter space available, were used for the
following reasons:

o Packaging efficiency is increased with increase in truss depth
Best accommodation of utilities

o Fewest structural members and joints (reduced cost and minimum
weight)

The following sections describe the structural sizing method and approach, the
8 integrated candidate building-blsck designs, the packaging of the generic
platform utilizing these designs, and the thermal, mass properties, and
fabrication cost data developed for use in the concept selection. Finally, a
discussion of significant miscellaneous issues is presented.

1.4.1 Structural Sizing Method and Approach

A summary of the design ultimate compression load, shape, and structural sizes
for the 8 deployable truss individual longeron, batten, diagonal and/or
pyramidal members is presented in Table 1.4-1. The generation of these data
are described as follows:

0 The individual compression loads were obtained by computer analysis
of each truss (dimensions shown in Pig. 1.4-2) for the concurrent
adopted limit bending and torsional moments of respectively,
2.5x104 and 1 x10% Nm. An ultimate safety factor of 1.5 was
used- The computer used equations developed from hand analyses
which are sufficiently accurate for the purposes of this study.

o The individual compression load in conjunction with the member
length and specified material properties was input (avtomatically)
into a column analyses subroutine. A CRT plot for each member is
obtained such as that shown in Figure 1.4-4 for either longeron,
batten, diagonal, or pyramidal members of circular, square,
rectangular or I shape. The material properties used for the
T300/934 graphite composite design was E1=143,000 and Ep =
17,250 mpa and for the P755/934 Ep = 231,000 and Ep = 28,000 mpa.
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Figure l1.4-4. Example of Column Sizing Data

For the longerons, data such as shown in Figure l.4-4 were compared
with the AE requirement compagiblg with the adopted flexural (EI)
stiffness requirement of 2x10° mm<. For example, for Concepts

1, 2, 4, 6 and 8, the AE requirement was more critical than the
column stability requircment. For these cases the higher modulus
material was used to maintain good packaging efficiency and/or avoid
s0lid members. Note that fo an EI requirement equal to half the
adopted value, the T300/934 would be used. The cost penalty with
use of the P755/934 was accounted for in the fabrication cost
analyses. For all the longerons the sizes were based upon the best
compromise, through discussion with the designer, in regard to
packaging, suitability of end joint attachment, and space for the
folding joint.

For the diagonal, battens, and/or pyramidal members, the data such
as shown in Figure 1l.4-4 were developed with sizes determined based
upon the best compromise with the designer as described above. The
sizes ohbtained were checked (excepting Concepts 2 and 5) for ,
satisfaction of the adopted torsional stiffness (GJ). For Concepts
1, 3, 4, 6, 7, and 8 Ehe designs satisfied the adopted torsional
stiffness of 5x10° Nm® (Concept 3 in fact had a GJ five times
greater than that required). For Concept 5 the X-bracing members
AE values were sized to satisfy the GJ requirement. Foy Concept 2,
NASTRAN analysis was used. The NASTRAN analyasis included elastic
stability analysis and shear stiffness analyses of the individual
panel, including the cutouts (reinforcing around cutouts). Further,
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since the total Warren truss design included an offset between
the longerons and diagonal braces, a two-bay model of the
structure was made.

The data of Table 1.4~1, as determined by the above discussion, are shown on
the structural drawings of che eight candidate concepts. Additional discrete
analyses were performed to support the concept development and mass properties
data tabulated in Section 1.4.5. These analyses encompassed the housings,
adapters, utilities support trays, and launch support cradles.

J.4.2 Eight Candidate Building-Block Concepts
1.4.2.1 Concept 1

The structure (Figure 1.4-5) is a pentahedval truss formed essentially from
one-half of the General Dynamics tetrahedral truss, but with three differences:

o The concept folds only in the axial direction.

o A telescopic diagonal is provided across the base of the
pyramid-shaped bay.

o Members of various cross-sections (e.g., [__]or I) are used which
nest one within another, thus permitting a higher packaging ratio.

LATERAL |-SHAPED
/ MEMBER

CLEVISES il

Figure 1.4-5. Concept 1

The folded truss is stowed in a rigid triangular housing from which it is
deployed one bay at a time along a pair of guide rails by weans of a recipro-
cating mechanism. To enable the truss to develop root stiffness while deploy-
ing, the rails must be a minimum length of two bays plus the stuck length. The
guide rails may be folded back alongside the housing for ease of stowing in the
orbiter.

Subsequent to full deployment, root stiffness is developed by attachment of the
truss to the rear face of the housing.

The adapter is a rigid assembly which attaches to, and moves with, the far end
of the truss. It is the interface for payloads or modules and contains mechan-
ical/structural latches, electrical/fluid interfaces and an alignment system.

1-65



CE 19 S ‘ Rockwell
g:‘?,‘gg; gﬁALITY Satellite m’:m.' Owision International

The electrical utilities are mounted in trays which are attached to the truss
pyramidal members and pivot about the tray centerline (Figure 1.4-6). There
is ample room for the full complement of utilities. The fluid lines are
installed on the squa  face of the truss in a series of pivoting trays.

The packaging ratio is 15 to 1.
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Figure 1.4-6. Installation of Utility Trays
(Concept 1)
1.4.2.2 Concept 2

This c.ncept is a deployable Warren truss, as shown in Figure 1.4-7. The
truss is supported in a housing during orbiter launch and is depioyed from
it along a pair of rails by a reciprocating mechanism. The length of the
housing is dependent on the number and size of the bays to te packaged. For
the truss to be under control during deployment, the minimum length of the
rails is equivalent to the length of two bays plus stack length. This will
usually provide fairly long rails which need to be folded for convenient
packaging in the orbiter. During deployment, the ‘root strength of the truss
is 'developed by the truss attachments rolling in the deployment rails.
Subsequent to full deployment, the truss root strength is developed by the
attachment of the truss to the housing structure. The truss consists of
folding longerons, telescoping diagonals and rigid sandwich panels that form
the shear panels. Because the panels are rigid, there is a choice of design
such as machined waffle or honeycomb panel.

Each longeron is hinged at the middle, and the two half-longerons fold omne
inside the other. There is an offset between the axes of the diagonals and
the longerons.

The adapter is a square, rigid assembly which also acts as the last shear
panel in the truss. It is the interface for payloads and other modules and
contains all of the elements necessary for alignment, berthing and utility
interfacing.

The design of the shear panels is varticularly suitable for the installation
of utilities in trays (Pigure 1.4-8). The electrical power and the
signal/data cables are in two separate trays, pivoting in slots cut in the
shear panels. The fluid lines which use elbow fittings, to avoid small bend
radii, are mounted in similar fashion in other slots in the shear panels.

The packaging ratio is 21.6 to 1.
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* DEPLOYS FOLDS AXIALLY

® PLATE TYPE SHEAR MEMBERS

* ROUND SECTION TELESCOPIC DIAGONALS
*|8) SECTION LONGERONS

* LONGERONS ARE OFFSET

Figure l.4-7. Concept 2

\ DATA LINES
POWER LINES

Figure 1.4-8. Installation of Utilities
(Concept 2)
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1.4.2.3 Concept 3

Concept 3, the tetrahedral truss, is ths General Dynamics design used in its
entirety (Pigure 1.4-9). It is a good, practical design of a deployable truss
whick has been demonstrated as a working model on many occasions. The truss
is a double-fold system which packages into a small volume. All of the
members are round tubes which converge without of‘set at the joints. Springs
are used at the jointe to assist in the final deployment of struts and to lock
them in position.

Figure 1.4-9. Concept 3

‘he deployment mechanism is the same as in Concepts 1 and 2, i.e., a
reciprocating mechanism with folded guide rails.

During daployment the truss develops root strength through its interface with
the guide rails. Subsequent to deployment, root strength is develcped through
the attachements between the truss lcngerons and the main housing, or between
the truss longerons and a subsidiary structure (Section 1.4.3.3) which is
deployed for that purpose.

The adapter consists of folded plates attached to the truss. It is
automatically erected as the first fold of the truss is deployed. The erected
adapter contains the same type of alignment, berthing and interface devices as
do the rigid adapters previously described for other concepts.

The doudble folding of the truss causes some problems with the utilities
installstion (Figure 1.4-10 ). To install the full complement of utilities,
the electrical cables are mounted on the exterior of the pyramidal members in
a looped configuration. They will extend easily but must be retracted and
re-looped manually. The fluid lines are mounted on the lateral members in a
series of folds.
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The packaging ratio is 20 to 1 (along the length).

® ALL MEMBERS ARE ROUND TUBES
© DOUBLE-FOLD SYSTEM
®NO OFFSET LOADS AT JOINIS

Figure 1.4-10. Installation of Utilities
(Concept 3)

1.4.2.4 Cohcept 4

This concept (Pigure 1.4-11) is a triangular truss which deploys/retracts
axially without changing its end profile. Each bay consists of a rigid
triangular frame, three folding longerons, and three telescopic diagonals.
The three longerons folded into the stowed configuration are shown in

Figure 1.4-12. It is recognized that there will have to be a support in the
middle nf the triangular frame to brace the longerons during launch. All of
the truss members are round tvbes which converge at the corner fittings
without offset. The folding of the longerons toward the middle instead of in
line with the batten tubes and diagonals is necessary to achieve a high

packaging ratio.

The main housing is a conventional rigid framework which contains the folded
truss and deployment mechanism, and carries the loads from the truss into the
rest of the deployable platform. The selected deployment mechanism is a
reciprocating device which deploys and rigidizes the truss one bay at a time.
Initially, torsion springs were used but were replaced by a reciprocating
mechanism for better packaging. During truss deplcyment, root strength is
developed by guide rails which are stowed alongside the housing when not in
use.

Because the truss does not change its triangular end profile dimensions while
deploying, there is a choice of using either twc or three guide rails, i.e.
with two-guide rails a rail length equal to 2 bays plus the stack length is
required; with three guide rails a rail length equal to 1 bay plus the stack
length is required.
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JOINT - * Deploys/folds axially HOUSING
® All members are round tubes

* Longerons with center hinge joints
e Telescoping diagonals
o No offset loads at joints

N

DEPLOYMENT RAIL

ADAPTER

Figure 1.4-11. Concept 4

FOLDED
LONGERONS

Figure 1.4-12. End View of
Folded Configuration

The adapter is a rigid triangular assembly which can be identical to that
described for Concept No. 1.

Utilities cannot be mounted in trays because the longerons are folded into the
center. Therefore, they are mounted directly onto the batten frames in a
series of folds (Figure 1.4-15). PFor the full complement of utilities they

are installed on both the inside and outside of the battens.

With the use ¢f the reciprocating deployment system, a packaging ratio of 20.2
to 1 was arhieved.
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\ ‘\ ) 2 - ONLY ONE CA“ IS Sm.
: THE INNER & OUTER SURFACES
OF ALL THREE SIDES ARE

USED TO MOUNT UTILITES

Figure 1.4-13. Utilities Installation
(Concept 4)

1.4.2.5 Concepts 5 and 7

Concepts 5 and 7 are the same except that Concept 5 is a tension X-braced
structure, while Concept 7 uses compression diagonals for shear and torsion
capability. Concept 5 will be described (Figure 1.4-14).

Concept 5 is a triangular section truss which deploys along two axes. First,
the triangular section expands to approximately 170% of its original size;
then, the truss deploys along its longitudinal axis. A high ratio of deployed
length/stowed length is achieved by all of the cross-bracing and longerons
nesting inside the batten frames when stowed.

* CONCEPT 5 CROSS BRACED WITH TENSION STRAPS AS SHOWN
* CONCEPT 7 BRACED WITH COMPRESSION DIAG ONAL
® TRIANGULAR FATTEN FRAME

® EXPANDS 70%

® H SECTION MEMBERS
* ([0 LONGERON SECTION
* LONGERONS & DIAGONALS

NEST IN THE ZATTENS

® NO OFFSET LOADS AT JOINTS

" JOINT DETAIL

Figure 1.4-14. Concepts 5 and 7
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The expanding triangular batten frame is of H-section construction. The
longerons are 1 channel cross-section with a hinge and a latch at the mid
length. The cross-braces are rectangular section tension straps, constructed
of a graphite/rubber composite or similar material which has a low CTE snd is
flexible enough to behave as a strap instead of & rigid bar. The cross-braces
are pretensioned by deploying the truss bays. The longerons serve as natural
ovor-center tensioning devices to apply load to the cross-braces which are
accurately fabricated to a predetermined length.

The expanding triangu.ar truss is stowed in an expanding triangular housing.
As the housing expands it pulls the truss with it. The housing which is made
in three sections is expanded/contracted by a number of pcwered screw jacks.
The expanding force from the housing to the truss is via the guide rails
attached to the housing and the guide wheels which are attached to the truss
battens. As in Concept 4 the number of guide rails can be either two or
three. The longitudinal deployment mechanism is a "standard” reciprocating
system using the guide rails.

Concept 7 is shown ia Figure 1.4-15. Because of the double fold nature of the
truss, the compression diagonal has two folding joints in addition to a
telescoping joint which is considered to be a significant disadvantage.

LONGERON

DIAGONAL

=
@ COMPRESS ION DIAGONALS a
TELESCOPE AND HINGE
® OTHERWISE, SIMILAR TO C> 7
CONCEPT §
END VIEW .-
_STMD END VIEW L
DEPLOYING THE
FIRST FOLD

Figure 1.4-15. Concept 7
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The full complement of utilities can be integrated into Concepts 5 and 7. The
electrical cables are installed inside the truss triangle in trays which are
pivoted at their ends from clevises mounted on the battens (Pigure 1.4-16).
The fluid lines are outside the truss triangle on shallow trays which are
pivoted at their end from the battens.

A packaging ratio of 27.5 to 1 was achieved.
1.402-6 Concept 6

Concept 6 (Pigure 1.4~17) is a linearly deployable truss with a square
cross-section consisting of rigid batten frames joined to each other by
folding longerons and telescoping diagonals pin-connacted at corner fittings
integral with the frames.

The longerons (Figure 1.4-18) fold toward the middle of the truss at a
45-degree angle, have self-aligning spherical ball end fittings, and
hinge/lock fittings in the ceater of the longeron length. The telescoping
diagonals have a lock mechanism and self-aligning end fittings.

X-braced tension cables can be provided for all the interior batten frames for
redundancy.

All of the truss members (rcund tubes for the longerons, battens, and
diagonals, and rectangular straps for the lateral bracing) are loaded along
their centroids and converge without offsets at the batten frame corner
fittings. '

The stowed truss is contained in a square rigid housing to which the guide
rails and deployment mechanism are attached. The number of guide rails may be
2, 3, or 4. Por 2 guide rails, the rail length is equal to 2 bays plus the

stack length. PFor 3 or 4 guide rails, the rail length is equal to 1 bay plus
the stack length.

The folding guide rails and the reciprocating deployment mechanism are the
same as in the concepts described previously. Initially, torsion springs were
considersed. The method cf deployment is "one bay at a time," with root
stiffness developed by the guide rails during deployment. The longerons
attachie¢.t to the rear cf the main housing provides the load capability:
subse¢ueiit to deployment.

The adapter is a square rigid assembly at the far end of the truas. It
contains all of the electromechanical latches, alignment features and
connections required for a payload/module interface.

The full complement of utilities is attached to the batten frames in figure-8
loops (Figure 1.4-19). Both the inside and the outside of the batten frames
can be used (PFigure 1.4-18).

&

With the use of the reciprocating mechanism, a packaging ratio of 20.4 to 1
was achieved.
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Figure 1.4-16. Utilities Installation
(Concepts 5 and 7)

® Battens braced by tension strar~

o All members are round tubes MAIN HOUSING ~_

e Longerons with center hinge joints

® Telescoping diagonals = V

® No offset loads at joints L | W
N 13 7 ,\

Figure 1.4-17. Concept 6
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o

DETAR OF JOMNT

Figure 1.4-18. End View Stowed

FOR CLARITY, ONLY TWO LINES ARE SHOWN

Figure 1.4-19. Utilities Installation
(Concept 6)

1-75



ORIGINAL PAGE IS
OF POOR QUALITY

1.4.2.7 Concept 8

Concept 8 (Figure 1.4-20) consists of square rigid batten frames connected
together by folding longerons and telescoping diagonals. The batten frames
are H-section, cross-braced by thin tension straps (as requireud in the
interior bays for redundancy). Each longeron consists of two rectangular
section members with locking hinges at their centers. The diegonals are
rectangular sections which telescope within each other. The diagonals and
longerons stow within the confines of the H-section battens. In the deployed
configuration all the members converge at a common point.

The housing, rails, daployment systom and end adapter are the same as in the
square truss of Concupt 6.

Concept € has the advantage of utility trays which can extend the whole width
of the interior of the batten frames if desired, permitting a large separation
between powor and data lines plus the advantage of growth in the number of
lines (Pigure 1.4-21).

A packaging ratio of 22 to 1 was achieved.

* DEMLOYS/FOLDS AXIALLY MAN HOUS ING
® o SECTION BATTEN Flmis
o[ SECTION TELESCOPING DIAGONALS

;“:ffff==‘.
O

——
——l
Z S 5y n\\\%
' "‘ ;Jﬁ%&
I

—

CEYAR OF /OINT

Fiqire 1.4-20. Concept 8

Figure 1.4-21. Utilities Installation
(Concept 8)
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1.4.3 Orbiter Packaging

This section describes the studies and results applicable to the packaging of
the generic platform (Section 1.2), constructed frem the eight candidate
building blocks, into the orbiter. The packaging is based upon the packaging
erficiencies shown in the preceding section.

1.4.3.1 Concepts 1 & 4

Concepts 1 and 4 are axially folding trusses of triangular cross-section.
Because of its better packaging ratio, Concept 4 uses less space (7.5 M) in

the Payload Bay than does Concept 1 (9.0 M), Figure 1.4-22. Apart from this,
the two concepts are identical in packaging and deployment. The figures and
description apply only to the generic platform, although many other
configurations can be built/deplcred by following the approach outlined in
this report.

13.562M

PAYLOAD f N 1L OMs
BAY N KIT

= 9M, CONCEPT 1 —~
7.5M CONCEPT 4
DOCKING MODULE |

Figure 1.4-22. Orbiter Packaging
—Concepts 1 and 4

The platform system deployment is 100% automatic without resort to EVA, RMS
assembly or to building fixtures. All of the necessary modules, orbiter
supports and cradles are incorporated in the design.

There are eight triangular building blocks and two cradles. The cradles are
structures which interface with the orbiter trunnion and keel fittings, Join
some of the building blocks together at their hinge points, and provzde
mounting surfaces for the spacecraft systems.

Each of the building blocks is a single truss design, i.e., only one truss is
deployed from each housing.

The platform is assembled and checked out on the ground before it is folded
and placed in the orbiter. All of the utility conmections from end to end of
the platform are made on the ground and are not broken during stowage or
deployment
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The stowed platform is removed from the orbiter by using the RMS, and remains
in the grasp of the RMS and/or is attached to the HAPA during the initial
stages of deployment. If continuous operation and a low deployment rate of
3/cm per second are assumed, the platform.could be deployed in about 72
minutes, Some trusses deploy simultaneously. There are three basic

operations involved in deploying the platforms, i.e., reorienting the building
blocks, extending the trusses, and latching.

One sequence of operations to deploy the platform is shown in Figure 1.4-23.
Sever:l other sequences are possible in achieving the same configuration. The
solar array is not shown as an integrated deployable item in this design,
although it is quite possible that it could be incorporated. Items such as

large payloads, modules, etc., are added to the deployed platform by the RMS,
using the interfaces provided.

ORBITER -
paviors s\
BAY oY

ORBITER

)/-/ o USE RMS TO :
. REMOVE STOWED
PLATFORM FROM

NAY

® REORIENT THE
REMAINDER OF THE
BUILDING BLOCKS

® EXTEND THE TRUSSES
TO COMPLETE THE
CONFIGURATION

KL R ALL

® REORIENT THE
BUILDING BLOCKS AS
SHOWN AND EXTEND
THE TRUSSES

Figure 1.4-23. Platform Deployment-—Concepts 1 and 4

1.4.3.2 Concepts 2, 6 and 8

This section discusses the packaging and deployment sequence for axially
deploying building blocks, of square cross-section of which Concepts 2, 6, and
8 are typical examples. The three concepts are identical in packaging and

deployment with the exception of the slight difference of their lengths in the
payload bay (Figure 1.4-24.).
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13,562 M wm—remeeen]

BAY | Q | KIT
4 R NG

o DOCKING MODULE 6.2 M CONCEPT 2 MODULE 2
DX ' 8.8 M, CONCEPT 6
: 8.2 M, CONCEPT 8

|

'r | PAYLOAD | OMS
/i
/

Figure 1.4-24. Orbiter Packaging
—Concepts 2, 6, and 8§

Theres are five building blocks and two modules in the assembly
(Figure/1.4-25). Of the five building blocks two are "singles", i.e., one
truss fror a main housing, and three are "doubles", i.e., two trusses, one
from each end of a main housing.

o Module 1 mounts three of the building blocks and is a coradle which
supports them in the orbiter. It forms part of the deployed
platform and is used to mount spacecraft systems and equipment.

o Module 2 mounts the remaining two building blocks and is the cradle
which supports them in the orbiter. It too is deployed with the
rest of the platform and is used to mount spacecraft systems.

The complete package is removed as a unit from the payload bay using the RMS
and is retained on the RMS (or mounted onto the HAPA) for the initial stages
of deployment. The stages of the deployment sequence are:

o) Reorient four of the building blocks by rotating them until all five
building blocks are in the same plans.

o Extend the trusses as shown to form the vertical of the T shape of
the platfom.

o Rotate the building blocks which form the diagonals and extend the
trusses to complete the T shape of the platform.

The platform is automatically deloyable without the assistance of EVA,

building/assembly fixtures or piece-by-piece assembly using the RMS. There is
no requirement to make electrical or fluid connections in flight except where
separate units such as payloads are added subsequent to deployment by the RMS.

1.4.3.3 Concept 3

Although this concept was successfully packaged (Figure 1.4~26) and deployed,
this study does point up the difficulties with the use of a double~fold
structure. The advantages gained from the dense volumetric packaging of the
structure are largely illusory when one turns from a simple truss to a

complete deployable platform system. Some of the problems which contribute
are:
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o ORBITER
PAYLOAD,

aad \ XN\

PLATFORM FROM

p o THE ORBITER
L ‘\‘J
EXTEND '?
THESE 5
TRUSSES

®REQRIENT THE
BUILDING BLOCKS

*DIAGONAI, TRUSSES
ROTATE ABOUT
THE HINGE POINTS
ON THE HOUSINGS

= 3 ’ e et e </ ‘
z E . ‘/ ®EXTEND THE TRUSSES
SHOWN

Figure 1.4-25. Platform Deployment-—Concepts 2,6, and 8

p———13.562 M

[, {PAYLOAD =il OMS _
7 BAY I] i KIT
] H— 9, e

¢ DOCKING 2.1 M

MODULE

Figure 1.4~26. Orbiter Packaging
—Concept 3
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o The stowed double-fold truss is difficult to support in the
orbiter with provision of stiffness compatible with frequency
separation (10 Hz) from the orbiter.

o The methods of joining truss to truss, or truss to module,
are more complex. It is sometimes necessary to erect a sub-
sidiary structure for structural contirvuity.

o The end adapter cannot be a simple plate to support latches,
interfaces, etc.

o Mounting of the adopted complement of utilities is difficult
because of limited space.

In spite of these difficulties, the generic platform can be built using
Concept 3. It is an automatic deployable platform which requires no EVA, no
building/assembly fixture and no part-by-part erection. The electric/fluid
utilities are installed and checked out on the grourd from end to end of the
platform. There are no connections broken/reconnected between stowage into
the orbiter and final deployment.

The platform consists of five building blocks and one module. Of the five
buildiay blocks, three are "double building blocks," i.e., a truss deploys out
of each end of the housing. The module is an integral part of the platform,
is deployed along with the building blocks, is intended to mount spacecraft
systems, join three of the truss together, and serves as a base for deploying
subsidiary structure for reacting truss loads.

The packaged platform (Figure 1.4-27) is removed from the orbiter by means of
the RMS. While it is in the grasp of the RMS (or HAPA) the initial stages of
platform deployment are made. There are several stages in the deployment
sequence.

ORBITER PAYLOAD BAY

t/\’.(
o N\ ¥ o USE RMS TO

5 s REMOVE STOWED

P N2 PLATFORM FROM
' ,{/\ Z ORBITER
(N N\ F ¢ REORIENT THE
I BUILDING BLOCKS

N * EXTEND
B THESE
N TRUSSES

®ROTATE THE

*UNFOLD TRUSSES &
SUBSIDIARY STRUCTURE

. //q ®EXTEND TRUSSES IN
7 DIRECTIONS SHOWN

Figure 1.4-27. Platform Deployment—Concept 3
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0 Unfold the building blocks.

o Deploy the subsidiary structure on the module. This includes a
docking port and attach points for reacting truss loads.

) Erect the first fold of the truases.

0 Extend the trusses part way.

o Make the joints at the module attach points.

o Extend the trusses completely.

This completes the deployment of the platform. Payloada/solar array/RCS pods
may be added, as required, by a‘'second launch or by using the empty portions
of the paylosd bay of the first launch.

1l.4.3.4 Concepts 5 and 7

Concepts 5 and 7 are stowed in the orbiter (Figure 1.4-28) and deploy to the
final configuration in identical fashion. The stowage and deployment shown
are for the generic platform only. It is a completely automatic deployable
system which requires no EVA and no assembly or erection by RMS. The
deployable platform includes six buiding blocks and two modules.

. -:3.5on — "/OOULE 2
! | PAYLOAD : OMs |
l | BAY | ]
]

MODULE 1 [
DOCKING =—6.75M

MODULE

Figure 1.4-28. Orbiter Packaging
—Concepts 5 and 7

0 Module 1 mounts three of the building blocks and is a cradle which
supports the whole of the stowed platform in the orbiter. It forms
part of the deployed platform and is used to contain spacecraft
systems.

o Module 2 mounts the remaining three building blocks. It does not
interface directly with the orbiter, but is attached to Module 1.
It too forms part of the deployed platform and is used to mount
spacecraft systems.

The complete package is removed from the orbiter in its stowed form by using
the RMS. While it is in the grasp of RMS (or HAPA) automatic deployment is
initiated. There is no requirement for a building/assembly fixture to hold
the platform while the RMS attaches trusses or modules section by section. As
in all of the Rockwell platform deployment concepts, the utilities are
installed and checked out on the gound and not disturbed thereafter.
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Because of the high packaging efficiency, it *s possible to stow soms of the
building blocks with their lengths normal to the major axis of the payload
bay, i.e., stow them "across” the ship instead of lengthwisze. This permits

arrangements such that the building-blocks do not have to e reoriented to
achieve the deployed configuration.

There are only two stages in the deployment sequence {Figure 1.4-29),i.e.,
expand the triangle shapes of the building blocks and extend the trusses.

0f all the concapts which were studied, Concepts 5 and 7 proved to be the most
suitable for packaging and deploying the Generic Platform. They stowed in the

shortest length of the payload bay and required the least reorientation of the
building blocks.

FROM ORBITER

USE TO REMOVE
\ \\«*:J/ k " STOWED PLATFORM

* DIAGONAL TRUSSES
ROTATE ABOUT THEIR
HINGE POINTS AS
THE TRUSSES EXTEND

EXPA
® EXTEND THE TRUSSE> *EXPAND THE

TRIANGLES OF
¢ NO REORIENTATION OF ALL THE BUILDING
BUILDING BLOCKS 1S BL.OCKS

REQUIRED

Figure 1.4-29. Platform Deployment—Concepts 5 and 7
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l.4.4 Thermal Analysis

A thermal analysis provided a prediction of the thermal gradients across the
candidate deployable trusses (Table 1.4-2). The temperatures shown are the
average over the length of each member. These gradients were determined for

the structural arrangement/geometry shown in Figure 1.4-30 and for GEO
applications. LEO applications have lower gradients due to earth and albedo

heating.

Table 1.4-2. Thermal Gradients between Longerons

¢ | DIAGONAL TENPERATURE (°e) AT R
CONCEPT | (m) PRESENT SUN SIDE | SHADE SIDE (°c) d/(AT)
| 1.6 YES 21.6 -13.5 35.1 0.046
2 1. YES 20.7 -11.6 32.3 0.040
NO 24.0 4.8 19.2 0.067
3 3.0 NO 24.0 2.7 21.3 0.140
b 1.7 YES 21.7 -7.4 29.1 0.058
5 2.5 YES 23.8 -36.0 59.8 0.041
(TS)*
1.3 YES 22.5 -22.6 45,1 0.029
2.5 YES 23.6 -56.7 80.3 0.031
8 1.3 YES 22.5 ~17.5 4o.0 0.031
*(TS) = TENSION STRAP

The thermal gradients are due to shadowing when one or more structural members
pass between another member and the sun during orbit.

For analysis, each configuration can be represented as a Z-section (Figure
1.4=31) or as two parallel members if a diagonal is not present in the plane.
A thermal math model of the Z-section is used for the analysis. It consists
of 24 nodes and provides for conduction between nodes. The construction
material is graphite composite. The surface radiation properties were assumed
to be nearly black. Emmittance and absorptivity values of 0.85 were used.

The thermal model for the two parallel member cases is a single node heat

balance.

Two important assumptions in the analysis are the estimate of the shadow time
and the view factor for solar impingement during shadow. The shadow time tg
(minutes) is estimated by the following expression. For two parallel members,

ty = 8(0.2566 + sin~1 D/S)

where D = member diameter
S = distance between members
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Concapt Arrangement Concapt Arrangemeni
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FPigure 1.4-30.

Structure Arrangement for Thermal Gradient Analysis
(Dimensions in Meters)

///"_—"SHADED

LONGERON

/ DIAGONAL

SUN-EXPOSED
LONGERON

Figure 1.4-31. Thermal Analysis
Configuration
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This expression accounts for the size of the shadowing member, the distance
between members, and the included angle of the sun. For the Z-guyction, a
modified form of this expression was used. The distance between members was
allowed to vary with nodal position.

The view factnor for solar impingement of the shadowed member was approximated
by the following cosine function,

F = cos? (180 t/tg)

This function has a value of unity at the extremes and a value of zero at the
center of the time interval.

Table 1.4-2 also illustrates the parameters to evaluate the relative merit of
each concept for thermal stability. The end rotation of a beam 6 is
determined by

g = afAT)Q
d

For beams of equal length and the same material, then @ is proportional to
(AT/d) or the figure of merit is proportional to (&/AT) with high values

being best. The furegoing data were based upon the structural design sizes as
determined by the strength/stiffness characteristics, packaging, minimum
weight, and joint design conside-4tions. The design was not adjusted for
reduction of the thermal gradients. For example, for Concept 6 the thermal
gradient can be reduced by reduction of the diagonal diameter (reduced shadow)
with a small weight impact (of no consequence to LEQ platforms). Also, since
the data are based upon o/¢ = 1.0 with ¢ and a = 0.85, if reduction of

the thermal gradients is requived, initial values of o = 0.10 can be

realized by wrapping the graphite composite structure with silver teflon

tape. Though a will increase over the life of the structure, particularly

in the GEO environment, the end of life value will be less than 0.85.

A perspective on these thermal gradients is appropriate. For a 40-meter
cantilever using concegf 6, the end will have a thermal induced rotation of
0.028° (a = 0.36 x 10~ m/mC due to the specified gradient of 45°C across

a design with a 1.26 m depth. (The 40 m length is used since precision
antennas would be mounted closest to the center of the configuration).
Section 1.1-10 indicates the desired pointing accuracies should be 0.05 to
0.10 degree (based on statistical analyses). If necessary, a value of 0.28°
can be reduced by many of the techniques delineated above. In addition,
placement of the square cross-section as shown in Figure 1.4-32 can reduce the
0.028° votation to approximately 0.020°. If necessary, larger trusses
(Figure 6) can further reduce the end rotation. The use of composites with
negative coefficients of expansion and metal fittings can also reduce these
rotations.

In the light of the fovegoing, it is also appropriate to note that a 22.2 N
shear on the end of 28 40 m cantiliver will induce an end rotation of 0.005°
for the adopted flexural stiffness, or for 4.45 N induce an end rotation of
0.001°. Hence, RCS induced distortions are small by comparison.
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Figure 1.4-32. Approach to Reduce
Thermal-Induced Truss Rotation

1.4.5 Mass Properties Analysis

The resulta of the deployable platform systems mass properties analysias of the
generic platform contructed from Concapts 1 through 7 are shewn in Table
1.4-3. These masgses are deteir#liled by a combination of detailed calculations
where spncific structure sizing was available (deployable trusses, for !
example), and standard preliminary design mass estimation techniques ‘ ;
(housings, for example)- The generic platform mass is based upon the adopted :
strength, atiffness, and complement of utilities delineated in Section l.1l. ;

Table l.4-4 illustrates the major differences in the masses for Concepts 1
through 8. The data for Concept 8 are estimated from the data provided for
Concept 6 in Table l.4~3. The data shown are used in the orbit transfer cost
data described in Section 4. The data in Table l.4-4 were also used as a
basepoint for extrapolation of the weight differences for a generic platform
designad to 1/10 the adopted strength/stiffness requirement (Table 4.3-5).

A review of Table 1.4=3 illustrates all of the candidate deployable platform
systems, including a 20% growth allowance, are launchable to a 210 nmi orbit
28.5° inclination (Figure 1.4-33) without use of an OMS kit. The balance of
mass between the values ghown and an allowable 20,000 kg is available for
payloads, RCS propulsion modules, etc. An addditional 2500 kg is launchable
if an OMS kit is provided. The 210 Nmi orbit is considered suitable, since
for the generic platform, decay to 150 nautical miles would not occur until 60
days after insertion into orbit. This is considered ample time for
deployment, installation of payloads, checkout, etc.

l1.4.6 Cost Analysis

Consideration was devoted, in support of the Concepts Selection Trade, to the
establishment of the relative costs associated with the design, development,
testing, special technology needs, fabrication, shuttle launch, and orbit
transfer of GEO pistforms. The design, development, and testing costs were
not included since they are dependent on the number, types of application and
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@ DATA SHOWN FOR 28.5 DEG INCLINATION ONLY

304 @ SHADED AREAS REPRESENT PRIMARY REGIONS AFFECTED
INTEGRAL: 8Y PROGRAM VARIABLES, PAYLOADS REQUIRING PERFORMANCE
] OMS IN THESE REGIONS SHOULD VERIFY CAPABILITY WITH
JSC AS EARLY AS POSSBLE

FIRST OMS
KIT ADDED

CARGO MASS, X6 X 10-3

THIRD OMS XIT

(4
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DESIGN
= 20 ASCENT
e CARGO
g 20- -'o'-"'u’
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n ¥
2 10— ? CARGO

8 / /
o= - '

3 / Ié //
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LANDING CAPABILITY —» -

= 22,500 KG

Figure 1.4=33. Orbiter Payload Mass~—-Launch/Landing Constraints
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Table 1.4-4. Comparative Mass (kg;t10'3)-6eneric Platform

CONCEPT
1TEM 1 2 3 4 5 6 7 8
BASIC TRUSS ELEMENTS 1.9 | 3.2 20 | 1.8 1.6 | 1.8 2.2 | L8
ALL JOINTS 1.3 1 0.9 1.0 | 1.6 0.6 | 1.9 1.3 | 1.9

UTILITIES INSTALLATION

SYSTE” 0-8 0;2 0.1 0'3 0.7 0|2 007 007

YOUSING AND ADAPTERS,

HOUSIﬁG-TO_Houslue AT?ACH. 009 0'9 o.G Oog 058 009 0.8 0'6

DEPLOYABLE STRUCTURES FOR

DOCKING PORTS - - 01 - 0l ] - 0.1} -
TOTAL 49 | 5.2 | 38| 45 | 3.8 48 | 51 5.0
A MASS 1.1 | we {0007 | 00} 1.0} 1.3) %2

ALL DESIGHS, INCLUDING DEPLOYMENT MECHANISHS, UTFLITIES LINES, DOCKING PORTS, CONTROL mMOOULE
EQUIPMENT, AND CRADLE WEIGHT (WITN 20% GROWTH)~LESS THAM 16,60C KG,

requirements of future platforms which are not defined. The special
technology development costs (as subsequently shown in Section 3) are
primarily the same across 2ll the candidate concepts, with the few exceptions
resulting in negligible cost impacts (particularly if spread across

several platforms).

The analysis, therefore, determined the recurring fabrication cost, Shuttle
launch and for GEO platforms, the cost of orbit transfer. All the coast
analysis data are expreased in terms of FY 1981 dollars and are relative,
i.e., applicable ouly to items which are different. The costs of items that
are the same ac1oss all concepts are not included. For example, the cost of
the basic power, data and fluid utilities themselves, docking ports, etc., is
not included.

1.4.6.1 PFabrication Cost Data

The component fabrication costs to construct the generic platform are shown in
Table l.4~5. These data are incorporated directly into Table 4-4-1. These
data were derived by a combination of material and fixture costs (as
appropriate) and manufacturing hours to which a composite cost rate was
applied. The composite cost rate includes direct labor, overhead, and general

and administrative (G&A).

The materials, fixture, and manufacturing hours data presented were determined

from estimates by advanced manufacturing personrel using drawing details.
Where detailed information was not available, in-house Rockwell parametric

cost model techniques were used.
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Table 1.4~5. Fabrication Cost Data (s Million) ‘
CONCEPT

COST _ITEM ] 3 3 4 5 6 7
BASIC TRUSS
MEMBERS (COMPOSITE) 2.2 5,0 1.0 1.7 2.0 1.9 2.3 \
TAUSS JOINTD .
AND FITTINGS 2.2 1,7 1,8 2.1 1.2 3.0 1.9
TAUSS ASSEMBLY AND
CHECROUT 0.4 0.6 0,3 0.5 0.3 0.6 0.6
UTILITIES SUPPORT
SYSTEN (FASRICATION 0.¢ 0.2 0,1 0.1 0.8 0.1 0.8

AND INSTALLAT!ON)

ENSTALLATION OF

UTILITIES AND 0.1 0,1 0.1 0.1 0.1 0.1 0.
CHECKOUT

EMD ADAPTERS AND

RAIN_HOUSINGS 0.4 0.3 0.3 0.3 0.4 0.3 0.4

BUILDING SLOCK TO
BUILDING BLOCK 2.3 2.9 3.5 2.2 1.7 2.8 1.7

ATTACH MECHAN|SMS

TOTAL (SN} 8,0 io.8 6.8 7.0 6.5 8.8 7.8
A (3R%) 1.5 4.3 0.3 0.5 ‘ 0 2.3 1.3

NOTE: CONCEPT B ESTIMATED FROM EXISTING DATA FOR CONCEPT 6

It is pertinent to note that Table 1l.4~5 does not include the costs of
deployment mechanisms since the building blocks can utilize either a
reciprocating device (GD design or equivalent) or a stored strain energy
ayastem. The differences between the same type mechanism across the single
folded designs were regarded as negligible. In retrospect, the additional
cost of the mechanisms for the double folding of Concepts 3, 5, and 7 should
be included into the last cost item in the table. To do so would only enhance
the conclusions and decisions made in Section 4. and require extensive.
numerical change throughout the tables for the sake of consistency. Hence,

this item is not included.
l.4.6.2 Shuttle Launch Cost

The Shuttle launch cost data for use in Table 4.4-1 are based upon a cost of
$2.6M/meter of Shuttle cargo bay length. It is derived from an FY 1982 total
cost of $48Y for 18.3 m of bay length. The $48M is the FY 1981 cost
extrapolated from the baseline FY 1975 launch cost of $32M and is for a medium
traffic model (40 launches per year). A significant reservation on the use of ;
this total value is that for a dedicated mission the system cost is incurred ;
regardiieas of the usage of the bay. This reservation is reflected in the }

allocation of points in the totaling of tha major criteria.
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l.4.6.3 GEO Orbit Transfer Cost

The Rockwell space station studies have identified a cost (1n FY 1981 dollars)
of $8,800 per kg of mass delivered to GEO orbit including the launch to LEO by
the shuttle. This cost is also based on a medium mission model.

1.4.7 Miscellaneous Design Issues

During the concept development discussed throughout this se:tion , three
design concerns surfaced as follows:

o Extension of a truss which has a large payload while maintaining the
deployable truss rout strength with the guide rails

o Implication of building block to building-block structural
attachments that are not fully fixed about all three axes

o Potential significance of "joint slop"

The first issue has been resolved as discussed in Section 1.3.3.5. The second
issue has been investigated and resolved as foliows:

A configuration such as the generic or ASASP platform can have joints without
full structural continuity at places, such as joints 1 and 2 of Figure 1l.4-34,
with acceptable reductions in effective stiffness.

A sensitivity analysis of platform overall stiffness variations associated
with different end joint design characteristics was performed. The analysis
was performed with a NASTRAN model that simulates the ASASP platform
configuration and mass distribution. The construction platform was not
included. The ASASP was used since the mass distribution was more readily
available and the generic platform was fashioned after the ASASP. The adopted
stiffness values were used.

Since the overall variation in platfoxm stiffness is most easily asfined by
the resulting modal frequencies, modal analyses are performed for the expected
diagonal member end joint variations. A% all other joints, flexural and
torsional moment continuity is maintained.

The table on Figure 1.4-34 illustrates the first four modal frequency

variations relative to that of the baseline design. For all of the four cases
shown, the stiffness reductions were acceptable.

For outher possible configurations:

o Moment and torsion capability of cantilevered members can be
rovided by fixed joints or appropriate self-locking latches
Figure 6)

0 In worst case, EVA attachment of strut or pair of struts is
feasible, if necessary.
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MODEL:
¢ JOINT | & 2 LENGTHS
ARE EACH 2.5 m

ekl & GJ ARE

ADOPTED VALUES Z

CASE FREQUENCY (Hz) COMMENTS
FIRST SECOND | THIRD | FOURTH FOR JOINTS 7 & 2
BASE-
LINE 0.0431 0,0703 | 0.0823 | 0.1181 [FULLY FIXED
1 0.03481 0.0458 | 0.0686 | 0,1129 |Z-AXIS PINS
2 0.0359 0.0451 | 0.0482 { 0.1120 ! Z-AXIS PINS AND
1/10 OF El, GJ, AE
3* | 0.0381 0.0858 | 0.0686 | 0,1152 | Z-AXIS PINS WITH
OFFSET FROM DIAG-
_{ONAL CENTERLINE
4 0.0351 0.0628 | 0.05680 | 0.1085 | BALL JOINTS
*OFFSET= 1.5m

The third design concern has not been resolved in this study and is applicable

Figure l1.4-34. ASASP Modal Frequency Variation
with Diagonal End Joint Design

to the concepts studied which all utilize clevis joints, folding and/or
telescoping joints.

Consider the following illustrative example (Refer to Figure 1.4-35):

o

o]

Consider a cantiliver member 60 m long (38 bays)
Suppose ACS thruster shear = 4.5 N

Limit longeron load = 2.8 N (one bay from RCS thruster)
Limit longeron load = 107 ¥ (38 bays from RCS thruster)

For the adopted EI = 2 x 108 Nm@, and truss depth of 1.26 m the
longeron AE = 1.26 x 108 N

Elongation of longeron for load of 2.8 N = 0.0000035 em
Elongation of longeron for load of 107 N = 0.00013 cm
For a design to twice the depth (same EI), the above values of

0.0000035 and .00013 cm are multiplied by 4, i.e., elongation is
0.000014 and 0.00052 cm
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length
=1.58 m

Figure 1.4-35. Model for "Implication of
Joint Slop" Analysis

o) For both depths, the elongations are very small compared to
conventional clevis/pin clearances

o] Problem is increasingly more severe with reduced RCS thrust
Hence, for future resolution: (1) To what extent does friction preclude
"joint slop?" and (2) What is statistical implication of joint slop in actual
design with numerous joints?
The potential implications of "joint slop” to the control system design are:
] It will be of increasing concern in figure control applications
where "joint slop” alone results in structural deflections

approaching total allowable deflection

) “Joint slop" is highly non-linear phenomenon with strong potential
for destabilization and limit cycling

o It will be of increasing concern if "equivalent frequency"” (fg)
(Figure 1.4-36) approaches control system bandwidth

The resulting potential control system design implications are:
) Develop accurate "joint slop" model to facilitate controller design

o Typical controller enhancement - nonlinear gain scheduling,
compensation and limiters to enhance performance
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RESPONSE

m
] —

Figure 1.4~-36. Equivalent Structure
Frequency due to "Joint Slop"”

The primary problem is that joint slop introduces a series of distributed non-
linearities in the spacecraft dynamics. In general, this will degrade control
system performance. It is destabilizing and a potential cause of limit cycling.
Special control enhancements can be used to minimize the detrimental effects of
joint slop, as indicated above. 1In general, the problem is tractable if the
magnitude of the joint slop can be eliminated or made small relative to the
control system pointing accuracy requirement. Also, the control problems are
eased with increasing friction levels at the joints. '

The preferred solution is to elimi..ate or negate joint slop by mechanical means
(eccentric clevis pin or bolt with an expanding sleeve) or with thermosetting
materials at the joints (one bay at a time deployment enhances this possibility).

Another alternative is to increase joint friction providing it is not detrimental
to deployment.
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2. MATERIAL DATA BASE

The material requirements for the manufacture of structural members for large
deployable platforms include those needed. to produce tension/compression
members, tension members only, fittings, hinges, bearings and springs. The
materials selected for the data base to satisfy these requirements are those
currently available in present technology and those which could be available
in the technology for point design by 1986. This philosophy permits the
consideration of not only metals and organic composites, but metal matrix
composite materials.

This material data base is not intended to permit the detailed optimization
needed for the ultimate point designs to be made by 1986. It is intended to
supply a sufficiency of general information to allow the material trades
required for the generation of preliminary designs. These trades will specify
the direction of the ultimate designs for deployable space gtructures.

All materials selected are suitable for the temperature fluctuations

(-200 to 80C) that will be encountered in service in either a low earth or
geosynchronous orbit. These temperature excursions can be reduced by the
judicious application of thermal control coatings and insulations.
Temperature resistance of the materials is, therefore, not a critical
consideration. The radiation resistance of the materis’l is important only in
the case gf geosynchronous orbit. Using a radiation criterion of a dose rate
of 6 x 10° rads (Si) per day as the maximum anticipated in geosynchronous
orbit, the materials have life expectancies in excess of 5 to 500 years
(Reference 13). Since only a few of the materials have low damage

thresholds and these are usually restricted to low radiation exposures in the
interior of spacecraft, a minimum of thirty-year life is expected for any
platform system designed using the materials in the data base.

The data base is contained in Tables 2.2-0C through 2.0-11. Table 2.0-1
provides a glossary of terms. Tables 2.0-2 through 2.0-11 present candidate
materials and their pertinent material properties.

Tension and Compression Members .

Some typical metals such as aluminum 2219 and beryllium (Table 2.0-2) are
included in the data base for comparison with the more advanced materials such
as the organic and metal matrix composite materials (Table 2.0-3).
Considering the design parameters of low thermal distortion, low cost, and
high modulus, the most attractive candidate materials within the gtate of the
art are the epoxy/graphite composites. The metals have a high coefficient of
thermal expansion which contributes to excessive thermal distortion of the
structure. The polyimide/graphite is state of the art, but it is used only
for high temperature applications because it is excessively expensive for
general use. The metal matrix composites have all the right properties, but
are at present very expensive and the technology is in the experimental stage
and may not be available for production by 1986. Therefore, they may have to
be relegated to specialty applications where no other material can reasonably
suffice. Some new materials that will very probably be available for general
application to point designs in 1986 are the very high modulus graphite
fibers. These fibers permit the production of structures with a lower
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Pable 2.0-1. Glossary of Terms for Data Base

(ALY CHARACTER ]

A ACCEPTABLE M MEMORY
B ACCEPTABLE WITH SPECIFIC COUPONS L LOSS FACTOR
Be BEARING STRENGTH N/A NOT APPLICABLE
c ACCEPTABILITY MUST BE DEMONSTRA- NR  NOT RATED

TED BY TEST OR ANALYSIS R REFLECTANCE
D DUCTILITY 0  SURFACE RESISTIVITY
dye DIFFUSION OF HELIUM s SET POINT
Dye DIELECTRIC CONSTANT Sp SPECIFIC HEAT
Dig DISSIPATION FACTOR TML TOTAL NASS LOSS
E MODULUS v UNAVAILABLE
e ELONGATION VCM VOLATILE CONDENSIBLE MATERIAL
F STRESS 1/7Y VOLUME RESISTIVITY
b4 FATIGUE PROPERTIES X UNACCEPTABLE
G SHEAR MODULUS @  ABSORBTIVITY
H HARDNESS € EMISSIVITY
K COEFFICIENT #  POISSON's RATIO
Kk THERMAL CONDUCTANCE P DENSITY

| SUPERSCRIPT ] (CSUBSCRIPT ]
c COMPRESSION C  TEMPERATURE
E MODULUS e THERMAL EXPANSION
t TENSILE . f FRICTION
u ULTIMATE - L LONGITUDINAL
s SHEAR T  TRANSVERSE
DIMENSIONS

MPa - MEGA PASCALS
GPa - GIGA PASCALS
J /kgK - JOULES/KILOGRAM-DEGREE KELVIN
¥/mK ~ WATTS/METER-DEGREE KELVIN
m/okK - METER/METER-DEGREE KELVIN
kg/m3 - KILOGRAM/CUBIC METER
m2/sec~-ATM -~ SQUARE METERS /SECOND-ATMOSPHERE

coefficient of thermal expansion, a higher thermal conductivity and a high
specific rigidity. The two more prominent contenders in the field of high
modulus fiber composites are the P755/934 and P100S/934 graphite/epoxy
composites listed in Table 2.0-3.

Fittiggs

In addition to the conventional materials used in the manufacture of fittings
for spacecraft, such as the metals in Table 2.0-4, more unconventional
materials (Table 2.0-5) are being considered to obtain both a closer thermal
expansion match to the basic structure and a closer match to the modulus.
Another major advantage for the use of composite fittings is that it permits
the molding of fittings directly into structural members. The type of organic
materials most amenable to this type of processing are the thermoplastic
composites such as the polysulfone/graphites. There is some development work,
however, that needs to be accomplished between now and FY 1986 to reduce the
direct molding to structural member process to common everyday practice.

2-2
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Table 2.0-2. Metallic Materials for Structural Members

MATERIALS @ \
ALUM INUM
2219 BERYLLIUM
PROPERTIES D @
MECGHAN | CAL
FIY (MPa) 427.8 276.0
Ff“ (MPa) 331.0 207.0
FLt o (MPa) 248.4 172.0
Ef (GPa) 72.5 289.0
Ef (GPa) 74.5 : 289.0
G, (GPa) 27.6 138.0
u 0.33 0.10
e/D = 1.5 655.0
B, (MPa) /b = 2.0 835.0 N/A
PHYS I CAL
sp (J/kgK) 848.0 1825.0
k (W/mK) 12.1 8.4
Ke (m/mKx 1076) 22.0 12.3
€ 0.05 0.10
o 0.10 0.55
R 0.90 0.45
o (kg/m3) 2830.0 1850.0
APPLICAT | ONS TENSION & TENSION &
COMPRESS I ON COMPRESS | ON
BEARINGS

@ ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
@ ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND TML

2~3
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Structural Member Candidate Composite Materials

MATERIAL DO D GRAPHITE/EPOXY () ng{,‘,::?i’ el v
PROPERTIES T300/934 P755/934 [ P100S/934 Q [ ()
MECHAN | CAL
P (wea) 1482.0 999.0 1140,0 863.0 483.0 635.0
-'f;“ (wa) 48,0 32.0 37.0 20.7 48,0 35,0
Ff“ (wPa) 1276.0 28,0 .o 538.0 642.0 621.0
r;“ (MPa) 186.0 119.0 v 89.0 104.0 1040
FiY (wpa) 69.0 4,0 48,0 1.0 48,0 48.0
f;“ (WPa) 33.0 21,0 23,0 20,0 55.0 y
g (cra) 145.0 368.0 428.0 30k,0 207.0 324.0
:{.' (GPa) 10.0 6.0 v 6.2 35.0 21.0
‘f (GPa) 133.0 24630 428,0 254,0 u U
M%) 5.0 &3 u 4,83 24,1 17.3
PHYS I CAL
Sp (J/kgk) 880.0 ] ] 879.0 962,9 962.9
Kk (W/mK) N/A N/A N/A N/A 233.0 1030.0
ky  (W/mk) 9.0 157.0 520.0 77.83 N/A N/A
kr  (W/mK) 0.7 1.8 v 121 N/A N/A
KeL (m/mKx 10-6) 0.23 -1,04 1.6 -0.99 1.33 0.55
KeT (m/mKx 10-6) 25.2 25.6 26.9 28,8 26.6 28.2
€ 0.85 0.85 0.85 0.85 0.45 0.45
a 0.80 0.80 0.80 0.80 0.45 0.45
R 0.20 0.20 0.20 0.20 0.55 0.55
p (kg/m3) 1600.0 1765.0 1820,0 1580.0 2410.0 1880.
@ ALL CONPOSITE PROPERTIES ARE BASED ON O° FIBER ORIENTATION

@ ALL PROPERTIES MEASURED UNDER AMBINET CONDITIONS
(D ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND TML

2=4
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Table 2.0-4. Metallic Materials for Fittings and Springs

[ MATERIALS(?)
>/ R Y «$‘:>'
¥/ & 3 F /S SR 58
o ‘}? Q,\Q '&Q' ) § 9 é\y ’\¢ & ":1 '-"" Q‘b o
propeRTIES ! $ /I /8 S/ & /8 /88 Jfas

MECHANICAL

FEY (ima) 518.0 | 235.0 [17%0.0 | 427.8 | 276.0 | 1000.0 | 587.0 | 1830.0

Ff“ (MPa) 370.0 110,0 [1655.0 | 331,06 | 207.0 1034,0 | 414,0 {1103.0

F{“ (wa) 345.0 | 159.0 [1o80,0 | 248.4 | 172,0 | 621.0{ 366.0 | 793.0

sﬁ (6Pa) 2000 | w80 | 200,0 | 72.5 | 289.0 116.0 | 193.0 | 200,0

sf (Gpa) 200.0 | 448.0 | 200.0 76.5 | 289,0 113.0 | 193.¢ | 206.0

6, (GPa) 79.4 16,6 75.9 27.6 | 130 42,81 79.4 75.9

u 0.28{ 0.35| o0.32| 033 o.10] 0.3 o.28] o0.28
PHYSICAL 1.

Sp (J/kgK) 502,0 ! 10048 | 477.0 | 8u8.0 |1825.0-| sub.0| soz.0 | 460.5

k (W/mK) 176.0 | 76.0 | 38.0 12,1 8.4 7.0| 16.25] 1641

Ke (m/mK x 10=6) 17.2 25.3 1.3 22.0 12.3 9.4 7.2 10.4

P (kg/m3) 8030.0 |1770.0 |7840.0 |2830.0 | 1850.0 | 4430.0 | 8030,0 | 7760.0
APPLICATIONS FITTINGS |FITTINGS |FITTINGS [FITTINGS |FITTINGS ;;;};zgs SPRINGS | SPRINGS
NOTES: (1) ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS.

(2) ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND TML,

s s 3

e A




INAL PAGE I8
8?'(;(,% QUALITY

Yable 2.0-5. Non-Metallic Materials for Fittings and Springs

( ’MITEm(Lzs, _GRAPHITE/EPOXY (1) POLYIMIDF/ POLYSULFONE/
| PROPERTIES T00,34 | 1755934 | 1005934 |  GRAPHITY (1) GRAPHITE (1)
' MECHANICAL

FY (Mpo) 1482,0 999.0 N0 83.0 1323,0 (4)
FY (Mpa) 8.0 2.0(4) | 37.0(4) 20.7 43.0(4)
FEY (MPa) 12276.0 3280 311.0 533.0 1139.0 (4)
FT' (MPa) 186.0 119.0 u ”.0 166.0 (4)
FI' (Mpo) .0 44.0 (4) 48.0 41.0 54.0 (4)
FY' (MPo) 3.0(0 | 20,004 ! 2.0(4) 20,0 (4) 26.0 (4)
E{ (GPa) 145.0 368.0 428,0 304.0 119.0 (4)
E} (GPa) 10.0 6.0 1] 6,2 4.3(4)
Ef (GPa) 133.0 246.0 428,0 254.0 (4) v

G (GPa) 5.3 4.9 v 4,83 1]

My 0.29 0.345 v 0.30 v

PHYSICAL !

S (JAgK) 880.0 1] 1] 879.0 v
ky  (W/mK) 9.0 . | 157.0 520.0 77.83 9.0 (4)
ky  (W/mK) 0.7 1.8 u 1.21 ]
Kot (m/mkx 10-6) | 0,23 -1.04 -1.6 ~0.99 0.23 (4)
Kqr (m/mKx10-6) | 25,2 25,6 26.9 28.8 u
¢ 0.85 0.85 0.85 0.85 0.85
a 0.80 0.80 0.80 0.80 0.80
R 0.20 0.20 0.20 0.20 0.20
P (i) 1600,0 17650 1820.0 1560.0 1490,0
APPLICATIONS FITTINGS FITTINGS SPRINGS
SPRINGS SPRINGS

NOTES: (1) ALL COMPOSITE PROPERTIES ARE BASED ON 0° FIBER ORIENTATION
{2) ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
(3) ALL MATERIALS LISTED MEET $SP-R-0022 FOR VGM AND TML
(4) CALCULATED VALUE FROM MSIC MATERIAL PROPERTIES
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Springs

Table 2.0-4 presents the conventionsal spring materials normally used in
spacecraft. These materials are metallic and have the same shortcomings of
excessive thermal expansion as metals proposed for other applications on the
deployable platform systems. To obtain a close match of the coefficient of
thermal expansion to a graphite composite structure, it is desirable to
manufacture the spring out of the same basis materials. Some of the new
organic composite materials being considerel for the production of springs are
presented in Table 2.0-5. These composite prings may not be commercially
available by 1986. However, titanium sprin, * can be considered as the closest

compatible compromise in the event commercial availability of composites lags
the need date.

Flexible Tension Members

Flexible tension members usually consist of metal cables such as the 17-7PH
stainless steel presented in Table 2.0«6. This type of conatruction has twe
major deficiencies for this application., One, the high coefficien* of thermal
expansion of the metals makes these cables incompatible with the contemplated
graphite/epoxy structure. To further aggravate this condition, the twist in
the material can exaggerate the dimensional miasmatches that occur with thermal
excursions. To reduce, if not eliminate this problem, graphite fiber tapes of
monofilaments with flexible organic binders are proposed. A sample of one of
these materials is RTVS566/graphite and is presented in Table 2.0-6. Most of
the properties of the individual components of the coumposites are known but
significant work remains to confirm the potentials of these materials in a
combined form as flexible cables.

Table 2.0~6. Materials for Tension Cables

MATERIALS | rYV 864/ 17-7PH STAIN=-
proreatiEs & | GrapHITE (1) LESS STEEL
| MecHANICAL
' (MPa) u 1830.0
£l (GPo) ] 200.0
PHYSICAL
% (IkoK) ] 440,58
k  (W/mK) ] 16,1
Ko (m/mkxio=6) v 10.4
€ 0.90 0.30
a 0.85 0.10-0.25
R 0.15 0.90-0.75
p (ka/md) u 7760,0
APPLICATIONS TENSION TENSION

NOTES: (1) ALL COMPOSITE PROPERTIES ARE BASED ON 0° FIBER GRIENTATION
(2) ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
(3) ALL MATERIALS LISTED MEET SP-R-0022 FOR YCM AND TML
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Electrical Conductors

The primary criterion for electrical conductors, apart from the obvious
properties such as specific electrical conductivity, is the ability to coil
and uncoil the conductors several times through very tight radii for stowage
and deployment in a deployable structure. To thim end, copper with its smaller
radius of wire for equivalent electric¢al conductivity, surpasses aluminum.
Its superior mechanical properties for like wire gauges surpass silver for
this application (Table 2.0-7).

Table 2.0-7. Materials for Electrical Conductors

D MATERIALS
- ALUMINUM :
PROPERT| ES . 1100 COPPER S1LVER
MECHAN | CAL
tu
Fr (MPa) 165.0 207.0 138.0
EE (MPa) 68.2 117.0 73.0
PHYS ) CAL
Sp (J/kgk) 958.8 385.2 238.6
k  (W/mK) 222,0 7.11x 102 427.0
Ke (m/mKx 1076) 23.86 16.74 19.0
p (kg/m3) 2710.0 8920.0 10,500.0
1777 (ohm=-cm x 10-6) 2.6548 1.6730 1.50
APPLICATIONS FLUID LINES @] ELECTRICAL ELECTRICAL
ELECTRI CAL CONDUCTOR CONDUCTOR
CONDUCTOR
@ ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
@ ALL MATERIALS LISTED MEET Si - £-0022 FOR VCM AND TML
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Pluid diffusion barriers (Table 2.0-8) are one application where only a metal
Thers are a number of

can perform effectively for long sxposure timas.
candidate materials with little to choose between.

The possible exception is

the use of the metal matrix composites which technically provide the best of
all worlds, low coefficient of thermal expension, high resistance to gas

diffusion, high modulus and low weight.

and the commercial availability by 1986.

The drawbacks are extrame high cost

Table 2.0~8. Diffusion Barriers for Fluld Lines
“*TE“‘Ags 17~7TPH ALUMINUM/
(4) STAINLESS GRAPHITE | ALUMINUM ALUMINUM ALUMINUM TITANIUM
PROPERTIES (3) STEEL _ (3) 5952 5066 1100 (BAL-4V)
MECKANXCAL
riY (ee) 1830.0 483.0 289.8 414,0 165,0 1100.0
Ef (oPa) 200,0 207.0 70.4 7.1 8,2 118.0
PHYSICAL
Sp (J/kgK) 460.5 962,90 962,9 821.0 958.8 544,0
K (W/mk) 16.1 233.0 138.0 116,6 222.0 7.0
Ke (m/mK x 10-6) 10,4 Log 24.1 24.1 23,86 9.4
dle (m2/sec-ATM) NEGLIGIBLE | NEGLIGIBLE | NEGLIGIBLE | NEGLIGIPLE | NEGLIGIBLE | NEGLIOIBLE
P (k/m3) 7760.0 2410,0 2690,0 2640,0 2710,0 .4430,0
CHEMICAL
HYDRAZINE A A A A A A
HELIUM A A A A A A
FREONS AS A CLASS A A A A A X (5)
NITROGEN TETROXIDE A A A A A A
APPLICATIONS PLUID LINES |PLUID LINES | FLUID LINES | FLUID LINES | FLUID LINES| PLUID LINES
(1) (1) (1) (1) (1) (1)
NOTES :

(1) THE FLUID LINES MAY BE OVERWRAPPED HYBRIDS OR SINGLE MATERIALS
(2) ALL COMPOSITE PROPERTIES ARE BASED ON 00 FIBER ORIENTATION
(3) ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
(#) ALL MATERIALS LISTED MEET SP-R-00322 FOR VCM AND TML
(8) CHLORIDES AND CHLORINATED HYDROCARBONS OTHER THAN FREON TF ARE UNACCEPTABLE

Diffusion Barriera-Bellows

Considering the extended exposure times anticipated for flexible portions of

the fluid lines the only materials reasonable to consider for this application

are metal bellows.
in Table 2.0-9.

The two primary materials currently in use are presented

be available for point design by FY 1986.

2-9
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Table 2.0~9, Diffusion Barriers for Bellows

MATERIALS
PROPERTIES* 32] STAINLESS STEEL INCONEL 718
MECHAN | CAL
tu

FL (MPa) 586.0 1240.0

Fr' (Mpa) N/A N/A

FEU (MPa) N/A N/A

EE (GPa) 193.0 200.0

E; (GPa) N/A . N/A

u ' 0.28 0.31
PHYS I CAL

Sp (J/kgK) 502.0 , 418.7

dye (sec/m2s) NEGLIGIBLE NEGLIGIBLE

o (kg/m3)

177 (ohm-cm x 10-6) N/A N/A
CHEMI CAL

HYDRAZ INE A A

HELIUM A A

FREONS AS A CLASS A A

NITROGEN TETROXIDE A A
APPLICATIONS BELLOWS BELLOWS

I

*ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
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Vibration Damping Materials

Currently, there are primarily two significant space-~rated materials for
vibration damping. These materials are presented in Table 2.0-10. It is rot
anticipated that any unusual developments will require any unique materials
development in this area,

Table 2.0-10., Vibration
Damping Materials

MATERIALS SYNTACTIC
) SMERD FOAM D
L eropeRTIES G.E. AIRCRAFY
MECHANICAL
Y (KPa) 2760.0 2208,0
e (%) 100.0 55.0
Torsional Shear (KPa) u 1035.0
G (KPa) V] 41,400,0
Tear Strength (Nedd) U 11.3
H  (Shore A) 50,0 min. 70,0-85.0
Ot 0,162 0,12
{1 KHz) (! MHx max.)
PHYSICAL
VCM (%) 0.02 0.10
ML (%) 0.19 0.22
Glom Transition (°K) u 227.0
APPLICATIONS VIBRATION VIBRATION
DAMPING DAMPING

Thermal Control Coatings

Some typical space-rated thermal control coatings currently available are
presented in Table 2.0-11. This area requires some extended development not
only for deployable space structure, but for all apacecraft. Very few
materials serve in this capacity and meet the outgassing contamination
requirements of NASA specification SP-R-0022. These materials have some
problems with adhesion and general in-space deterioration from causes not
fully understood.

2-11
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Table 2,0-11. Thermal Control Coatings

MATERIALS | MACK CHEM- sl\grélﬁo
SROPERTIES GLAZE 2306 (IITR1)
- MECHANICAL
Adhesian (1) NO EVIDENCE | NO EVIDENCE
OF LIFTING | OF LIFTING
PHYSICAL
a 0.94 0.22
€ 0,84 0.85
VCM (%) 0.01 (3) 0.03 (2)
TML (%) 0.56 (3) 0,47 (2)
APPLICATIONS THERMAL THERMAL
CO%MTOL CONTROL
COATING COATING

NOTES: (1) TESTED PER ASTM D-522
(2) FULLY CURED (30 DA'rS OR LONGER) AT ROOM TEMPERATURE
(3) CURED 30 DAYS AT ROOM TEMPERATURE -

Lubricants

Several space-rated lubricants exist for most of the typical applications that
are anticipated. For solid film lubricant applications, there are the
molybdenum disulfides such as Molykote 3402 which conforms to MIL-L-3937 and
Adrecolube 13 which conforms to MIL~L-46010. There i3 also a tungsten
disulfide solid film lubricant Microseal. Where greases are needed there is a
fluorinated material, Braycoat JL-38RP; and for an oil, a fluorinated
material, Brayco 8152. All these materials meet fthe requirements for
outgassing in SP-R-0022. The materials listed ars typical of the many
davailable and are presented for illustration only.
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3+ TDENTIFICATON OF TECHNOLUGY DEVELOPMENT NEEDS

Tabdle 3.0-1 presents the special technology needs summary.
estimated cost of resolving each new technology need, as well as the esatimated

calendar time.

Pabla 3.0-1. Spscial Taechnology Needs Summary

It summarizes the

POTENTIAL TECHNOLOGY REQUIREMENT

ESTIMATED

SCHEDULE TO

(LISTED BY RATING) TOTAL COST ()| AcCoMPLISH (YR)| PRIORITY
* DAMPING CHARACTERISTICS PREDICTION TECHNIQUE 350-400,000 4,0
o ORBITAL TRANSFER THRUSTER (1335~2225 N THRUST)® 780-960,000 3,5
o SPACE CHARGE DISSIPATION TECHNIQUES 1244-150,000 4,0 HIGHEST
« JOINTS WITHOUT *SLOP 190~220,000 1,5
o MININIZE STRUCTURAL LOAD AMPLIFICATION 295-340,000 3.5
o RADIATION-RESISTANT FIBER OPTICS 120-150,000 1.0
o LIGHTWEIGHT, LON CTE, HIGN-STRENGTH CLUSTER FITTING | 210-240,000 1.7 .
o PASSIVE STRUCTURAL DAMPING TECHNIQUES 100-125,000 2,0 MEDIUM
o MICROMETEOROID STRUCTURE DAMAGE o 100-150,000 1.5
« RADIATION-RESISTANT THERMAL CONTROL COATING 95-115, 000 0,8
o HIGH-CAPACITY HEAT PIPE §00-800, 000 3.5
o ACTIVE STRUCTURAL CONTROl TECHNIQUES 300-350,000 3.3
* ADARTIVE CONTROL TECHNIQUES 340-385,000 2,7 LOKEST
o LIGHTHEIGHT, HIGH-STRENGTH MEMBER (MALE) FITTING 155-175,000 17
o INSULATED FLEXIBLE COOLANT LINES ‘ 190-240,000 2,5
* LON CTE, HIGN MODULUS, FLEXIBLE TENSION MEMBER 100-130,000 1,0

TOTAL 4,930,000 4,0

CHIGHEST) (LONGEST)

ORBIT TRANSFER FUNCTION-:

The tachnology needs are presented in three priority groups.
basad upon consideration of net effect on performance, hardwars lavel of the

*THIS TECHNOLOGY REGUIREMENT IS [NVALID IF EARTH STORABLE PROPELLANTS ARE CHOSEN FOR THE

The groups are

problem, type of logic for resolution, level of test simulation required,

development teat approach, and required hardware interfaces.

Thera is no

significance to the ordear of tha items listed within each priority group.

It is pertinent to note that numerous development tests need to be performed
pertaining to eleatrical cable bending, fatigue data, suitability of folding

joints, telascoping joints, etc. These ware not considerad new technology

items aince the technical approach is based on known methodologiea.

The logic diagram shown in Figure 3.0-1 indicates the approach Rockwell used
to identify, validate, and estimate the cost of the special technology needs.

3-1
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¢

: *Dr. Jim Haffner Dewaine Peebles
TECHNOLOGY Norm Scully Dave Pankopf
DATA BASE Dr. Ed French T. Nishimoto

Lee Smith Fred Etheridge

Figure 3.0-1. Logic Diagram—Special Technology Needs

Table 3.0-2 summarizes the 23 potential technology items identified, along
with the rationale used to reject seven of the items. As might be expected,
the greatest number of items are identified for structures and materials, as
well as dynamics and <ontrol.

Each of these potential technology requirements was validated by asking the
four questions shown in Table 3.0-3. The Technical Review Board (TRB),
representing in-depth knowledge in each of the disciplines covered, was able
to identify solutions/ongoing R&D activities for seven of the 23 items dis-
cussed. The remaining 16 items, which passed Gate 1, were scrutinized further
as the TRB collected confirming data. The data were reviewed at the second
gate, with confirmation of the 16 primary technology candidates.

Most of the requirements apply to all the structural concepts generated, not
just to individual concepts. As an example, radiation-resistant fiber optics
apply to all the concepts generated--not just one or two. For this reason,
the output of this task is deemed to be inappropriate for inclusion in the
selection criteria, but will be a direct input to the Preliminary Test Plan
of the Part II study.

A fiscal year schedule for each identified task, including major milestones,
was completed for each technology deficiency. Estimated costs were estab-
lished through discussions with each responsible engineer in each discipline,
using a checklist which includes the costs for design and analysis, manufac-
turing, laboratory testing, major ground tests, flight tests, and (outside)
consultation fees.
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Table 3.0-2., Summary of Potential Technology Requirements

POTENTIAL ITENS

RATIOWALE FOR SELECTION

STRUCTURES AND MATERIALS

© NICROMETEORGID IMPACT STRUCTURE DAMAGE

@ RACIATION-RESISTANT FIBER OPTICS

©®: SPACE CHARGE DISSIPATION TECHNIQUES

@ RADIATION-RESISTANT THERKAL COATING

©® LOW CTE, HIGH MODULUS, FLEXIBLE TENSION MEMBER

® LOW CTE, HIGH MODULUS, COMPOSITE MATERIAL FOR
DEPLOYABLE STRUCTURAL ELEMENTS

® LIGHTWEIGHT, LOW CTE HIGH-STRENGTH CLUSTER
FITTING

® LIGHTWEIGHT, HIGH-STRENGTH MENBER (MALE) FITTING

® COMPOSITE MATERIAL CARPENTER'S HINGE

© ZERO~BACKLASH JOINTS

CURRENTLY UNDER OEVELOPMENT BY G.E. AND CONVAIR

SHORT-TERM OEVELOPMENT EFFOAY

THERMAL CONTROL

® |NSULATED FLEXIBLE COOLANT LINES

® LONG-LIFE FLUIO PUMP

©® HIGH=CAPACITY HEAT PIPE

® HEAT PIPE INTERCONNECTION TECHNIQUE

© ROTATING FLUID JOINT FOR ARTICULATING RADIATOR

ORBITER'S RADIATOR FREON PUMP

CAN RESOLVE BY PESIGN TECHNIQUES

DESIGN APPROACH DEHOMSTRATED DURING FLYING LUNAR
EXCURSION EXPERINENTAL PLATFORM CONTRACT
{NAS1-9516, 1970)

UTILITIES

® TECHNIQUES TO REDUCE BEND RADIUS OF ELEC. CABLES
©® TECHNIQUES TO REDUCE BEND RADIUS OF NON-POWER
CABLES

DESIGN SOLUTIONS ARE WITHIN CURARENT TECHNOLOGY
REALM

PROPULSION
® ORBITAL TRANSFER THRUSTER (1335-2225 N THRUST)

DYNAMICS AND CONTROL

©® DAMPING CHARACTERISTICS PREDICTION TECHNIQUE
® ADAPTIVE CONTAOL TECHNIQUES

® ACTIVE STRUCTURAL CONTROL TECHNIQUES

@ PASSIVE STRUCTURAL DAMPING TECHNIQUES

© HINIMIZE STRUCTURAL LOAD AMPLIFICATION

Table 3.0-3. Validation Questions

IS NOT SATISFIED?

1. IS COMPARABLE WORK BEING CONDUCTED NOW (OR CONTEMPLATED)
BY NASA, DOD, OR INDUSTRY?

2. COULD THE REQUIRED NEED DATE BE SATISFIED BY THE
ON-GOING TECHNOLOGY RATE/TREND LINE?

3. ARE THERE VIABLE ALTERNATIVES IF THE TECHNOLOGY NEED

4. IS THE SOLUTION TO THE PROBLEM PRIMARILY A SHORT-TERM
EFFORT (LESS THAN ONE YEAR)?

3-3
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The final products of this task are provided at the end of this section. The
individual tasks also lend themselves to more accurate milestone schedules and
time-phased cost estimates.

The 16 technology items were then prioritized according to the criteria
described in Table 3.0-4.

The use of criteria is a method of measuring the impact of a new technology
need on deployable platform system performance. The first criterion is a
direct measure, while the remaining five are indirect measurements based on
the relative difficulty of solving a particular technology deficiency.

The results of the rating are summarized in Table 3.0-5, which indicates that
the point count ranges from a high of 4.75, down to 2.00. In those cases
where two or more technology deficiencies receive the same numerical total,
the same priority rating is assigned. Although this technique is rather
arbitrary, the ratings are relative to each other, and a difference of one or
two positions is not critical.

Becauase these rating criteria have only one direct measurement of the impact
of a new technology need on system performance, a sensitivity analysis is
conducted. The results of this analysis are shown in Table 3.0-6. The upper
limit of the first criterion is raised to 3.00 (rather than 1.00) and each
priority rating value in this column is multiplied by 3.00 to intensify the
first criterion. The results (Table 3.0-6) indicate that roughly half the
technology requirements do not change position and the other half moves only
one or two positions, i.e., the change is negligible.
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Tadble 3.0~4, Prioxrity Rating Criteria

AN QVERALL MEASURE OF THE 1MRACT THAT A TECHMOLOGY DEFICIENCY HAS ON AN
10NAL O ' \Al GN IS YHE NRY EFFECT ON PEAFORRANCEG AND, BETAUSE THE NEYT CFFECT INCLUNKS ALL
wm o RCWQLNY Q(PICIKNNIS. TNE KRNS USED TO DESCRIBE THE MPACT ON TNE SYSTEN ARE RATHER GENTRAL, OUR
ggﬂ:is& RATING ASSICNS A VALUE OF 1,00 FOR SRVERK PERPORNANGE BINITIATLON, WHILK MO Ieeatt 13 ASSIGNED A VALUC
. .

@ SEVERE PERFORNANCE LINITATION 1,00
 CONSIOERADLE DEBRADATION 0.8
@ NILD INACT 0,50
© NCASURABLE DEGRADATION 0.3
o NO INPATY ON PEAFORNANCL 0

N ONE INDIRECT NEASURE QF THE SYSTEN INPACT OF A TECHNOLOGY DEFICIENCY S \‘Nt LEVEL

€ RCQUIRED TO RRSOLVE THK PROBLEN, GENCRALLY SPUANING, A CONPONENT {SUCK AS A
P\W) MM(S(NH A NCN LOWER COST LMPACT TQ RESOLVE A PROBLEN, COMPARKD TO A COMRINED SURSYSTENS OR IN\’NMTN
SYSTEN TEST PROGRAN, TNE LATTER NOAMALLY REQUIRES NANY \TENS OF GROUND SUPPOAT TQUIPRENT AND KNOWLEDGEABLE TECH-
NICAL PENSONNEL, IN A VARIEYY OF DISCIPLINES TO SUCCESSFULLY DLAGNOSE AND CORRECT A SYSTUNS=LEVEL DEVELOPMINT TASK,
A CONPONENT, ON THE OTNER NARD, USUALLY REQUIRES A NUCK SMALLER TEAR WITN NORK IN=DEPTN TECNWICAL TRAINING AND A
ECW ITENS OF GROUND SUPPORYT TQUIPMENT. QUR NUNMERICAL RATING ASSIGNS A VALUE OF 1,00 FOR A SYSTEN-LEVEL PROSLEN
&:Esgs& Og Ifsi( ACLATIVELY GREATER COMPLEXITY OF A SYSTEN VEASUS A CONPONKNT, A CONPONENTLEVEL PROBLEN BAS A

ARGy

® CONRINED SURSYSTENSZINTEGRATCD SYSTENS 1,00

o SYSTENSSYSTEN CRITICAL INTERFACE 0,75
* SUBSYSTER 0,80
o CONPONENT 0.3§
® NATERIAL OR NETRODS )

~7

YNE TYPE OF (COMPUTATIONAL) LOAIC RTQUINED YO RESOLVE A TETHNOLOQY DHIN(N\’:\‘

AN INDY TEH IAWPACY,  OUTSAND=TAY LOGIG IS A FORN OF CUAVE FITTING IN A REGION WHERE
atuﬂmmbs ARL NN‘ WELL OEFINZD,  THIS NETNOO 1S TINE=CONSURING AND RCEQUIRES EXPERINENTATION, AN ENANALE WOULD
AC TNE KNOWLEDGE OF FLUID BENAVIOR IN TERD QRAVIYY IN 1380, AT THC OTNER EXTRENE, ANALYSIS OF A PRONLEN USING
PROVEN FORNULAS/RELATIONSHIPS AND/OR CONPUTCR-STORED PROGRANS 1S RELATIVELY $1MPLE (LEAST COST INPACT),

* CUT AND TAY LN
® DATA KXTRAMQLATION 3,28
@ STAVISTICAL/EMNERECAL 0,50
@ ANALYSTS/3VNTHESLS 0,38

1N \ ‘ TLET \.E\'ELS REQUIRED TO FIND SOLUTIONS YO A PROBLEN ARE ALSD INDICATIVE

FLIGNT TEST, #OA INSTANGE, 1S VERY COSTLY BUT 1§ SOMCTIMES JUSTIFILD AS THU
S)NLY \'i“‘ LW[L \iﬂltk \Nl.k CREATE ACTUAL TONBINED YEST UNVIRONMENTS WNICH ART NECEISARY FOR NIGN~UONFIOUNCE AUSQ-
LUTION,  LABORATOAY YSSYING, ON TNZ OTHER NAND, TENDS YO BE LESS COSTLY WECAUSK THE TEST TUAN 1S GENERALLY SMALL
AND THE YUST UNVIRONNENT, EVEN 1F CONSTOERED EGST\.\’, DOES NOT LASY VEAY LONQ {APPLIED INTERNITTENTLY),

© RO FLIGNT TEST 1.00 .
 RUIOR GROUND TEST .78
* FLIEATAONOND PASSENGER 0.50
o LARCRATORY 0.8

u- i‘l“kim:llﬂ"m‘.\iﬂ THE DEVELOPRENT TEST APPROACH ACFEAS TO THE PRINARY NETHOD TQ BE USED TO QRTALN

A EXANCLE, CONAINEZD TEST TNVIRONNENTS ARE GENERALLY PALFTRAED, FRON A YEST PRINT
QF \HW. “CA\IS( YN“ S\'RKSS THE TEST ARNCLR SINLLAR TO ACTUAL USE CONDITTONS AND THERTAY TLININATE SOMK OF THE
UNKNOWNS [YNC ADDITIVE EFFECY OF INTCRNAL SYRESS LEVELS CAUSED AY DIFFEAKNT ENVIRONMENTS). COMMINED TEST ENVIRS
ONMENTS ARE DIFEICULT TQ ACNIEVE AND ARE, THEREFORE, COSTLY TO SIMULATC. A DENONSTRATION TEST, NOWEVER, 1S
USUALLY STRAIGHTFORNARD AND, FRON A TOST INPACT STANDPOINY, ARPRESENTS RULATIVELY LOM TEST COSTS.

® CONRINLD ENVIRONMENTS TESTING 1,0
® DEYEANINE SAFETY RARGING 0,28
© DETEANINEG FALLUAL MODKS %80
® DENONSTRATLOW 02§
® QATHER DAYA \]
mnmwmmmmum«m@mm OTHER HAROMARE INTERFACES REQUIRED T CONTAOL, MONITOR, SINULATE, RECORD,

ARTICLE ARE ALSO AN INDIRECT MEASURL OF TNE INPACT OF A YECHNQLOGY OEFICH-
ENCY\ NN(R WWAN lN\'HFACtS REPRESENT CONSIOCRABLE COST TO ORTAIN AND QPEAATE, QR TO SIMULATE THE EFEECT OF
THE INTERFACK, FOR THESK REASONS, CONRINED SUMSYStRat, INORGRATED Sternat (AT A NARDWARE INTERFACE) 1§ TRE ROST
COSTLY ARD, THERKFORT, NAS THE WIGNEST PRIORITY RAVING VALUE OF 1,00, Ot¥ER SURSYITEN INTERFACES REPRESENTS THE
LEAST TOST 1MPALT AND "uas THE LOWEST PRIORITY RATING VALUE OF 0.31S.

® CONMINED SURSYSTENS/INTEGRATED SYSTENS 1,00
® OTNER COMPLEYE SYSTENS 028
© QTNER PARTIAL SYSYENS 0,50
® OTNER SUBSVSTEN INTCRFACES 0,38
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NEW TECHNOLOGY NEED
TASK TITLE: ]
""" Damping Characteristics Prediction Technique

JUSTIFICATION:

A highly damped structural system will minimize any requirement to aug-
ment motion with the attitude control function. A low damped structural
system may require augmented attitude control (to meet pointing accuracy)
as well as a variable gain function. The latter situation would be

more complicated (less reliable) and weigh more than the first situation.
The ability to accurately predict the degree of damping may alleviate

a complicated attitude control function and avoid an overkill with passive
damping techniques.

TECHNICAL OBJECTIVES:

Develop a method of analysis (verified by test data) which will predict
the damping characteristics of deployable structures containing extensive
utility lines and cables im zero gravity.

TASK DESCRIPTIONS:

1. Develop a modeling technique for utility lines and cables which'’
are secured to basic structure in a variety of ways (various
damping coefficients).

2. Verify the above modeling characteristics by free-free modal
testing of representative structures and utilities.

3. Verify the above modeling characteristics by space flight testing
representative structures and utilities (zero-gravity mode).

4. Update the analysis technique as required.

3-8
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NEW TECHNOLOGY NEED

TASK TITLE: ORBITAL TRANSFER THRUSTER (1335 TO 2225 N THRUST)*

Justification

Many light-weight structure concepts will be constrained to very low
acceleration forces (thrust to weight ratio) during transfer to
geosynchronous orbit. A new thruster, in the 1335 to 2225 N thrust
range, utilizing liquid o6xygen and liquid hydrogen, needs to be
developed for this application.

Technical Objective

Design and demonstrate reliable operation of an orbital transfer
thruster in the 1335 to 2225N thrust range, pump fed.

Task Description

Conduct detail design, analysis, manufacture, and development tests to
verify performance and reliable operation of an orbital

transfer thruster 'in the 1335 to 2225 K thrust range. A soft thrust
buildup transient is a key requirement (5 to 15 second rise time), which
may require a variable area injector, a sequenced injector design, or
variable-speed, motor-driven pumps. '

*This technology requirement is invalid if earth storable propellants
are chosen for the orbital transfer function.

-9
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NEW TECHNOLOGY NEED |

TASK TITLE: SPACE CHARGE DISSIPATION TECHNIQUES

rano——
e ——

e

JUSTIFICATION

The space environment, particularly at geosynchronous altitudes, is known to
cause a spacecraft to accumulate a differential charge as high as 20 kilo-
volts when a magnetic disturbance (called a substorm) occurs in its vicinity.
Large arcs, or the corona discharge so produced, radiate large-amplitude
fast-rise-time electromagnetic pulses that can be detrimental to circuits and
circuit piece-parts.

While there are active mechanisms to reduce surface charging (electron gun,
heated filament, or a plasma source), long-term, high-reliability requirements
suggest a high secondary electron emission matexial. This area has not been
fully explored to date and holds the promise of a passive, long-life, highly
reliable method to minimize surface charging of the system.

TECHNICAL OBJECTIVES

® Tnvestigate and recommend, based on simulated environmental testing, a
surface coating which will produce secondary electron emissions (or
luminescence) at relatively low-voltage spacecraft charging levels.

® Develop a suitable application process for the above recommended coating,
based on laboratory testing and verification methods.

® Verify, by space testing, that the basic theory of reducing charge voltage
levels, through secondary yield or photon emissicn of the coating, actualily
works.

TASK DESCRIPTION

Part I will investigate, by means of laboratory testing, various coating
materials which electrvluminesce or produce high secondary yields at
relatively low-voltage platform charging levels.,

The purpose of this task is to demonstrate the above effect by subjecting
a test structure, coated with a suitable material, to a simulated electro-
static charge.

Part II will concentrate on developing a suitable method of applying the
recoruended coating. Laboratory application tests will be conducted, and
methods will be developed which verify uniformity and adhesion.

Part III will verify the basic theory of the new coating by space testing.
A spacecraft (an ATS geosynchronous vehicle) will be coated with the new
material and be suitably instrumented (a harness noise monitor and high-
voltage~-charge-accumulation monitor) to detect possible static charge
buildup and arcing.

3-10
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| NEW TECHNOLOGY NEED
TASK TITLE: Joints without Slop .

JUSTIFICATION:

‘1

Stiffness of the deployable platform structure will be lost if backlash
is present in the joints. Also, the predictability of structural
performance characteristics will be imperiled.

TECHNICAL OBJECTIVES:

Develop a zero-backlash joint, suitable for deployable platform deszgns
and operational environments.

TASK DESCRIPTICNS:

1. Perform design and analysis to investigate and select several promising
approaches, both passive and active concepts.

2. Manufacture several joints of each design selected above.
3. Perform laboratory test program to verify zero backlash for all

operational (load) conditions and environments. Select the desigr
approach which best meets the performance requirements.

3-11
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NEW TECHNOLOGY NEED

=
TASK TITLE: Minimize Structural Load Amplification

JYSTIFICATION

Several approaches are possible which will reduce load amplification
factors for lightweight structures, namely: (1) soft transient thrust
buildup of RCS thrusters (0.1 to 0.25 1lb thrust, 10-20 second rise time);
and (2) optimum pulsing of RCS thrusters to deadbeat the structural
rasponse of the system. The most cost-effective approach must be defined
and demonstrated because a strucfiural load amplification of two

will require struectural members with greater stiffness (more weight) for
the deployable platform system.

TECHNICAL OBJEGTIVES

Select the most cost-effective approach to minimize structural load ampli-
fication for lightweight deployable space platform structures.

TASK DESCRIPTIONS

Twa approaches are presented. The optimum pulsing approach is shown to’
. be the most cost-effective method and will be adopted as the baseline
method to minimize load amplification.

1. Develop and demonstrate an RCS thryster (0.1 to 0.25 1%
thrust level) which has a 10-20 second rise time.

2. Define g suitable method (hardware and mechanization) for
optimum pulsing of current design RCS thrusters, such that
the structural response of the system does not lead to
appreciable load amplification factors. Include verifica-
tion testing using representative structure and utilities
in a space flight mode.

3-12
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NEW TECHNOLOGY NEED |
TASK TITLE: RADIATION RESISTANT FIBER OPTICS

S N IR - |

JUSTIFICATION:

Quartz fiber optics are subject to color center formations, called
opaquing (degrading effect to light transmission), caused by radiation
impingement in a vacuum. The Quartz fiber space lattice is composed of
silicon and oxygen atoms which have a one~to-one correspondence (single
bond) between each element. Double bonds are formed within the lattice
structure (color is added) when radiation (electrons, protons, or
photons) displaces an oxygen molecule, thereby destroying ovne of the
single bonds.

Shielding would add considerable mass. The high density material
required would be a source of secondary emissions (Bremsstrahlung
radiation, produced by the impact of electirons, protons, or phokons)
which can be more damaging (because these are harder to shield against)
than the original radiationm. '

Two approaches to resolve this problem are presented. The approach
which shows the most promise, at the end of the development period, will
be adopted as the baseline method for fiber optic applications.

TECHNICAL OBJECTIVES:

1. Determine the possibility that organic materials (such as Acrylic),
with higher energy linkage between bonds, are more resistant to
galactic radiation and will maintain high transmissibility of light.

2. Determine a suitable method of annealing the Quartz fibers with
heat, applied intermittently.

TASK DESCRIPTICNS:

1. Select the most promising organic materials which possess suitable
light transmission characteristics. :

Conduct a laboratory testing program to determine the amount of

resistance to simulated galactic radiation of each material selected
above.,

Based on the above test results recommend an organic material
suitable for i0-year life in geosynchronous orbit.

2. Investigate possible methods of annealing Quartz fibers with heat.
Conduct laboratory tests to verify that annealing restores the
single bonds between elements (no degradation).

3-13
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|
TASK TITLE: Lightweight, low CTE, High~Strength Cluster Fitting
[— R ST R m——

JUSTIFICATION:

Without a low CTE cluster fitting, the effective CTE for the overall

deployable platform design could be appreciably higher and result in
increased thermal deformation.

TECHNICAL OBJEGTIVES:

Develop a technique for producing multi~directional cluster fittings
which have the following characteristics: (1) low CTE in each of the
projected (longitudinal) directions; (2) close-tolerance clevis pin holes;
(3) high bearing allowables at the clevis pin holes; (4) low overall
weight; and (5) high strength across the fitting.

TASK DESCRIPTIONS:

"l. Manufacture several cluster fittings using different ratios of resin to
fiber, different fibers, mixes of fibers (glass/carbon), as well as
combination techniques (partial hand layup, partial injection mold).
Consider metal inserts for clevis pin holes.

2. Perform a laboratory test program tc evaluate longitudinal CTE,
bearing stress limits, weight, load capacity across the fitting.
Select the manufacturing methods and material which best meet the
characteristics desired.

3. Develop a process specification to be used to produce multi-directional
cluster fittings.

3-14
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NEW TECHNOLOGY NEED~—CONTINUATION SHEET
TASK TITLE: PASSIVE STRUGTURAL DAMPING TECHNIQUES

W

JUSTIFICATION. Tha visco-alastic matarial currently used to attanuate
gtructural vasponse is vavry heavy and, thavefora, would not ba sultablae
fow application to the entive deployabla platform. A judieious applica=
tion to each pinned Joint, to cause the jolnt to vespond move like a

cantilavarad baam, neods to be investigated and desiygn solutions verified
by tasting.

TECHNICAL OBJECTIVES. Davalop passive structural damplng techuiques

sultable for tha pinned joints off larga daployable spaca platform
structures.

TASK DESCRIPTIONS

L. Design studlas to datevmina best weans of applying visco-elastie
matavial to pinnad joilnts,

2, TLabovatovy test program to vorify attanuation of styructural-:rvasponsa

(pinned joionts vespond more Like cantilovarad baaw).

3. EBstablish a deslgn standard for applying visco-alastic material to
plnnad joints for daployable space platforms.

3~13

o

LRI T



ORIGINAL PAGE 13 ‘ Rockwell
OF POOR QUALITY s“““'s‘ii’.'ﬁﬁ?s“,'.’.'.’?&?é?&‘;‘:&: international
NEW TECHNOLOGY NEED
TASK TITLE: Micrometaovoid Impact Structure Damage
P ————— -~ e— — r—
JUSTIFICATION

The probability of micromataorvoid impact ypon the structural members in a
deployable truss is sufficlently signifigant to be of concern to the
structural integrity. Prasently, thera is virtually no data descriptive

of the impact damage upon structural tubes of circular, square, or vectang-
ular cross sactions fabricated from composite matarials,

TECHNICAL OBJECTIVE

To devalop analytical mathod (confirmad by tasting) for pradiction of
micrometaorold impact damage to clrcoular, square, and ractangular tubes
of graphite epoxy and aluminum construction,

(1) Davelop snalytical mathodology, using existing tachniques to
maximum extent possibla, to pradict structural damage of cand-
idate constructlons,

(2) Manufacture nine representative sactions of graphite epoxy tubing
and nina vepresantative sactions of aluminum tubing. Two tuling
shapes will be made (nine round, and nine squara).

(3) Characterize sach diffaerent tubing shape (round, squara) for
compraessive strength.

(4) Test six sactions of aach different tubing shape Eor hyparveloeity
impact, using glass baads with a mass of ona gram (or less) to
produce valoclities of 7 km/sec or more., Thras sectlons ave to be
hit on centerline, and three sactions hit one inch off cantarlina.

(5) Retest each tubing section (which was penatrated) for strength
gharactaristics as described in item (2) above.

(6) Correlate analytical predictions with test data and mobility
pradiction techniques, as required.

3-18
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NEW TECHNOLOGY NEED
—— —— e |

TASK TITLE: Radiation-Resistant Thermal Control Coating
e = m

JUSTIFICATION

The white pigments used in thermal control coatings (such as zinc oxide

and titanium dioxide) tend to increase in solar absorptivity in the space
environment. The cause is believed to be a combination of ultra violet
and entrapped radiation, causing the loss of a small percentage of oxygen
or water in the pigment. Mostwhite paints will slpwly discolor because

of color centers formed (caused by the loss of oxygen or water). This
phenomenon causes spacecraft temperature to increase and could imperil the
operation of temperature-sensitive components using structure as a heat
sink.

TECHNICAL OBJECTIVE

Verify that a new pigment (such as zinc orthotitanate), with an appropriate
binder, will not degrade significantly over the ten-year life of the space
platform in geosynchronous orbit.

TASK DESCRIPTION

Conduct laboratory tests on new pigments (such as zinc orthotitanate), with
an appropriate inorganic binder, to determine the amount of degradation to
be expacted in a space environment over a ten-year period. Recommend a new
pigment and binder combination for long-term space applicatioms.

win e A I
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NEW TECHNOLOGY NEED

TASK TITLE: HIGH CAPACITY HEAT PIPE '

Justification

High capacity heat pipes, in the range of 20 KW-meters and above, have
not been developed and demonstrated.

Technical Objective

Develop and demonstrate a high capacity heat pipe.

Task Description

Develop and demonstrate a high capacity heat pipe design (20 KW-meters
and above), suitable for space platform application.

3-18
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NEW TECHNOLOGY NEED

IASK TITLE:  yotive Structural Control Techniques

— —_— s

JUSTIFICATION:

This technology will permit system performance requirements to be achieved
in the presence of relaxed structural stiffness, frequency, damping, and
alignment requirements,

TECHNICAL OBJECTIVES:

Devzlop an active structural control technique for vibration suppression
and shape control (including use of distributed sensors and actuators)
in order to reduce requirements for structural stiffness, frequencies,
and damping.

TASK DESCRIPTIONS:

1. Develop methodology.
2. Synthesize active structural control approach for space platform.

3. Simulate and evaluate sensitivity to '"real world" errors and
develop hardware requirements.

4. Develop sensor and actuator requirements.

5. Verify sensor and actuator performance by space flight-
testing representative structure and utilities.

3-19
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NEW TECHNOLOGY NEED

—mﬁ

TASK TITLE: Adaptive Control Techniques

JUSTIFLCATION

Large tolerances on structural dynamic parameters, from preflight analy-
tical estimates, will not permit achievement of a high~performance
controller. (round testing of very large structures is difficult and
expensive, Classical frequency separation criteria impose unnecessarily
severe structural dynamic requirements.

TECHNICAL OBJECTIVES
Development of an in-flight dynamic mode identification technique in order
to reduce tolerances of structural dynamic parameters. These data will

permit adaptive readjustment of the controller to achieve higher stability/

performance and/or reduction in structural bending stiffness and frequency
requirements.

TASK DESCRIPTIONS

(1) Develop methodology.

(2) Synthesize adaptive approach for space platform application.

(3) Simulate system and evaluate sensitivity to "real world" errors.
(Qf Formulate new criteria for structural dynamic design requirements.

(5) Verify in-flight dynamic mode identification technique by ground
testing representative structure and utilities.

3-20



OF POOR QUALITY Satellite Systema Division

ORIGINAL PArT 1o Operations/Integration Rockwell
= 1S Soace s . ‘ ‘ lnggm‘::!onil

TASK TITLE#

Lightweight, High-Strength Member (Male) Fitting

—

JUSTIFICATION:

of the

Separate (wale) fittings will weigh more (and require more volume) than a
fitting which is integral with the structural member. Packaging efficiency

TECHNICAL OBJECTIVES:

deployable platform may be degraded.

member.

Develop a technique for producing lightweight, high-s%rength member (male)
fittings as an integral part (extension) of the structural compression

TASK DESCRIPTIONS:

1.

* (male) member fittings.

Manufacture several member (male) fittings by a layup technique,
transitioning from a circular (tube) member to a flat tongue.
Consider the addition of different fibers in the male fitting,
as well as metal inserts for the clevis pin hole.

Laboratory test program to evaluate compression/tension limits
and bearing stress limits. Select the manufacturing methods and
materials which best meet the desired characteristics.

Develop a process specification to be used to produce integral

3-21
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NEW TECHNOLOGY NEED
TASK TITLE:  INSULATED FLEXIBLE LINES
m _ A
Justification

Technical Objective

Task Description

to bend to a small radius.

Develop a new concept for insulated flexible lines,

Insulated fluid lines, currently on the market, are not flexible enough
Those designs available which will bend to
a small radius are gquite bulky and require too much room when stowed

in a deployable structure,.

Design and develop a new concept for an insulated flexible line which is
not hulky and will peymit bending to a small radius.

3-22
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NEW TECHNOLOGY NEED

JASK TITLE: Low CTE, High Modulus, Flexible Tension Member
JUSTIFICATION:

The only higli~strength tension member which is quite flexible and currentlﬂ

higher coefficient of thermal expansion compared to the anticipated
composite structure. Net result would be a loss of tension in sunlight
and excessive tension in the earth's shadow. The structure's shape,
pointing accuracy, and load-carrying capacity would be severely degraded.

TECHNICAL OBJECTIVES:

Develop a high-strength tension member which will bend to a small radius,
have an extremely small coefficient pf thermal expansion, and not
degrade in the space environment.

TASK DESCRIPTIONS:

Laboratory test program to determine the best composite material (such as
P100S graphite fibers, imbedded in an elastomeric matrix material) which
will bend to a small radius, have an extremely small coefficient of
thermal expansion, and will not degrade in a space environment,

available is stranded wire cable. Wira cable, however, has a substantially

on B A S N SIS B ra £
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4, CONCEPT SELECTION

This section describes the process used to select the most suitable concept
from the eight candidate building block designs, described in Secticn 1. This
process identified Concepts 6 (Figure 1.4-17) and 8 (Figure 1.4-20) as
together being the designs that best satisfy the major criteria tabulated in
Table 4.1-1. The major reasons for identification of Concepts 6 and 8 are
enumerated as follows:

0 The open-square shape of Concept 8 has the best growth potential for
utilities and can accomm¢ ‘ate ?in trays) up to twice the adopted
study requirements (increased utilities requirements are typical
with program meturity).

o For significantly reduced utilities requirements (mountable on
longerons) Concept 6 is adequate and is a simpler structural design
than Concept 8.

) The two designs together can satisfy the LEO/GEO platform
requirements with common concepts of housing, adapter, deployment

mechanization and building-block to building-hlock attachment
designs.

o Redundancy for meteoroid impact survival (if necessary) is available.

o The square housing is most suitable for mounting of payloads,
subsystems, propulsion modules, and mounting ports.

o The square housing is most amenable to support in the orbiter cargo
bay.

The identification of Concepts 6 and 8 was accomplished through review of

summary tables (4.10-1 through 4.10-5). These tables encompass the major
criteria of Table 4.1-1.

At the conclusion of this selection process, the best features of Concepts 6
and 8 were configured into a new concept called 6A, (Figure 4.11-2). Concept
6A is the same design as Concept 6 except the longerons are folded at 30°
rather than 45° (Drawing 42712-29, Volume II), clearing the center of the
square frame for installation of utility trays such as are shown for Concept 8
(Drawing 42712-025, Volume II). The overall featurss of this design are
summarized as follows:

o] Building~-block approach for automatic deployment of platform systems.
(¢] The square-shaped truss is most suitable for inter-building-block
attachments; mounting of payloads, docking ports, propulsiorn

modules, etc.

o Circular tubes for all truss members provide minimum cost
conatruction with use of graphite composite construction.

4-1
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0 Trays for mounting of adopted complement of utilities provide ease
of initial installation, repair, and replacement during total ground
fabrication period with minimum truss structural design conatraints
imposed by utilities integration

o Small complementa of utilities can be mounted directly onto the
longerons (design reduces %o Concept 6).

o Square~shaped housing with reciprocating deployment mechanism

0 Bay-by=-bay deployment to facilitate identification of deployment
problem (in the event this ococurs).

0 Rail system for root strength during deployment permits orbiter
beriiing and orbiter VRCS firing, if necessary.

0 Adapters for mounting of payloadz with automatic electrical
connactor interface.

o Fayloads and propulsion modules attached using RMS.

Further detail concerning the selaction process is provided in the remainder
of this section.
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The criteria used in the seleotion are listed in Table 4.1-1. Many other
oriteria were included and then rejected, since there was no difference among
the concepts insofar as these criteria are concerned. For example, one early

criterion was the ability to deploy in a straight line. All of the concepts
have this characteriatic, hence that particular oriterion was eliminated.

An explanation of each criterion together with the approach to grading the
concepts is provided in Sections 4.3 through 4.9.

Table 4.l-l1. Major Criteria Used in
the Selaction Process

1. DESIGN VERSATILITY (WITH DISTINCTIONS BETWEEN LEO AND GEO)
OF STRUCTURAL CONCEPT

® Accommodation of adoptad power and data utilities requirements

® Accommedation of veduced powar and data utilitles rvequiremants

® Accommodation of fluld utilities: Two 2~cm lines (or equivalant)
® Satiasfactlon of adopted strangth and stiffnesa requirements

® Sarisfaction of strangth and stiffness requivements that ave aach
1/10 of the adoptad valuas

® Satisfaction of tha adopted strength requiremens and 10 times
the adopted stiffness raquiremant

® Platform conatruction
® Accommodation of aluminum aud graphite composite matacials

.

2. GOST OF TOTAL BUILDING BLOCK IN GENERIC PLATFORM
® Launch cost
® Fabrication coat
® Orbit transfer to GEO
® Tachnology developmant arfferential (negligible)

3. THERMAL STABILITY OF STRUCTURAL CONCEPY

4. METEOROID IMPACT SULTABILITY OF STRUCTURAL CONCEPT

5. RELJABILITY OF DEPLOYMENT (BUILDING BLOCK)

® faslc truas structure ® Docking port atructure
® Housing & Matarials variation
® Adapter : ® Mechanization

6., PREDICTABILITY OF PERFORMANCE OF STRUCTURAL CONCEPT

7. INTEGRATION SUITABILITY OF BUILDING BLOCK
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4.2 METHODOLOGY

The eight concepts are graded by an allocation of points. Points are
allocated to the concepts in two ways:

o Qualitative data are converted to points judgmentally.

o Quantitative data are converted to points using a linear systea as
shown in Figure 4.2~1. Regarding the line marked "baseline
- evaluation” the most desirable concept is awarded 100% points and
the least desirable concept is awarded 50% points. The other
concepts are graded on a linear basis betwsen the two extremes.
This method was used for all the tables shown up to and including
Tables 4.10~1 and ~2.

| QUANTITATIVE DATA |

MAK,

POINTS BASELINE EVALUATION

ENSITIVITY STUDY

L <y EXAMPLE

PDIQTS

MINIMUM DESIGN CONSTRAINTS -
RATL _DEPLOYMENT

to— MAX{MUM DES |RABLE VALUE e LEAST 20
OF PERFORMANCE PARAMETER DES1RABLE
VALUE OF
PERFORMANCE “
PARAMETER £
PERFORMANCE PARAMETER e
0l - ' e
0 2.0 4.0 6.0

RAIL LENGTH (m)

Figure 4.2-~1. Point Evaluation Methodology

Another approach is shown on Figure 4.2-~1, but uses the line marked
“sensitivity study". The only difference is that zero % points are awarded to
the least desirable concept instead of 50%. This method was used in compiling
summary tables (4.10-% and -4). Both the "baseline study” and the
"gensitivity study” are incorporated into this selection process.

There is only one important distinction between LEO and GEO in terms of
concept selection, and that is mass. Other differences between LEO and GEO
are listed below, but do not affect concept selection:

o] Transfer to GEO introduced a somewhat higher loading regime, but not
sufficient for distinction in trade

o No asignificant differences observed in flexural and torsional
stiffness requirements
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No differences (significant to concept selection) observed in
Utilities requirements (function of payloads)

Meteoroid environment

Thermal environment

Servicing and maintenance

4.3 DESIGN VERSATILITY OF STRUCTURAL CONCEPT

The grading of the eight buiding-block concepts fdr this criterion is shown on
seven tables:

0

o]

o}

0

Table 4.3-1

Electrical Accomodations (GEO)

Table 4.3-2

Electrical Accomodations (LEO)

Table 4.3-3 - Fluid Utilities Accommodations (LEO and GEO)

Tabie 4.3-4 ~ Structural Materials Variation (LEO and GEO)

Table 4.3-5

Strength & Stiffness Accommodations (GEO)

Table 4.3-6 - Strength & Stiffness Accommodations (LEO)

Table 4.3-7 - Platform Construction (LEO and GEO)

The following notes are intended to explain the fationale behind the grading
and points allocation of Tables 4.3-1 through 4.3-7.

For Tables 4.3-1 through 4.3-3:

(o}

Mass implications apply to the mass of frays, clips, and shoes,
etc., necessary to support utilities.

The high electrical requirement is the baseline adopted requirement.

The low electrical requirement consists of eight No. 4 lines and 1/8
the complement of adopted data lines.

The values assigned are based on accommodation of utilities by the
utilities installation designs tabulated as follows:

CONCEPT LOW REQUIREHENT HIGH REQUIREMENT FLUIDS
1 TRAYS ' TRAYS TRAYS
2 TRAYS TRAYS LOOPS
3 COILED COILED Lo0PS
l LONGERONS LOOPS LOOPS
5 TRAYS TRAYS TRAYS
6 LONGERONS LOOPS LOOPS
7 TRAYS TRAYS TRAYS
8 TRAYS TRAYS  TRAYS
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Tables 4.5~1 and 4.3-2 address the comparative capability of the designs to
accommodate the electrical utilities, respectively, for GEO and LEO
applications. The following clarification of the evaluation parameters is

presented:
o} Reliability for Space Deployment
This paraneter addresses the likelihood of successfully moving the
electrical lines from the stowed to the deployed position.
Retraction is not a factor. Lines which are mounted on trays or on
the longerons are thought to be the most reliable. Looped lines are
similarly reliable for small quantities of lines, but slightly less
reliable for large bundles. Coiled lines ars judged to be the least
reliable.
0 Ease of Ground Deployment and Checkout
This section addresses the ease/difficulty of extending and
retracting the electrical utilities several times in a l-g
environment. Factors included in the assessment are accessibility
and the necessity for manual resetting of the lines for retraction.
Table 4.3-1. Electrical Accommodations (GEO)
ELECTRICAL UTILITIES ACCOMMODATION
LOW REQUIREMENT HIGH REQUIREMENT

c TASE OF EASE OF 'T—L_-%

° RELIABILITY CROUND  [SUITABILITY - RELIADILITY CROUND SUITABILSTY

M SPACE DEPLOYMENT | TO LAUWEN MASS SPACE DEPLOYMERT | TO LAUWCN Mass®

" Lovwewt | ¢ cueckout Jewyihowment]ieLicATiont o gg;glv_gn CMCKOUT JEiv) RoMMENT | IeLICATION) (oo o m“;"‘g

E RANK | PTS | RANK | PTS | RANR | PTS .%"l PTS [REQUIREMENT] RANK] PYS | RASK| PYS | RANK| PTS . u:!l PTS [REQUIREMENT | AZQUIRENENT

: RAX POINTS | MAX POINTS | MAX rﬁTr';" MAX POINTS | MAX POINTS | MAX Pﬂl;"-!- MAX POINTS | MAX POINTS | MAX POINTS MIW MAK POINTS
20 10 20 20 70 20 10 20 20 70 140

1 {1 |20|3 | 9| 3|18{.,14]/10] 57 1| 20]1 [10} 1 |20].68/10] 60 117

2 (1 (203 9f 3a{18{o0 (20] &7 1{20f(1 {10 { 1|20 {0.,1]18| 69 136

3 |8 |15|/8 | 4| 8j10j0 |20]| 40 g8|15/!8 |46 (12] 0f20] 51 100

4 |1 |2(11i10] 121|200 |20] 70 6|18|6 |6 | 7| 6].18/18| 48 118

5 |1 (206 | 7| 3 {18 |.14/20 | 55 1(20]4 |8 | 120 {.64/11] 59 114

¢ |1 |20{1 10| 1{20}0 {20| 70 6|18|6 6| 7] 60.1]19] 40 119

7 {1 {20}6 | 7] 318 |,.14}10 55 1(20/4 |8 (1 ][20].64]21 ] 89 114

8 |1 j20]5.] 8] 3|18 jo.0|20]| 66 5119{3 |9 (1 ]20]l0.3(15] e3 129

NOTES: .

* x6 X 1073

e
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Table 4.3-~2. FElectrical Accommodations (LEQO)

ELECTRICAL UTILITIES AGCOMMODAT[ON
LON_REQUIREHENT RIGH_REQU]REMENT
c EASE OF EASE OF TOTAL
0 |RELIABILITY| GROUND {suiTABiLITY RELIABILITY] cRoUND  |suitAmitivy Low
N SPACE | DEPLOYKENT | TO LAUNCH | yoraw SPACE | DEPLOYNENT | TO LAWNCH | rooo | ARG
C | DerLOVMENT | & CHECKOUT |ENVIRONMENT| ''ou- | oeprovment | ¢ checkour fenviroment] (L | ok
ﬁ mank | prs | mank | prs | manc| pvs | ReanT [ mank | pvs | mank) evs | mank | evs | meqar | nequr
T [RAX POINTS | MAX POINTS | MAX POINTS | MAX PTS| HAX POINTS | NAX POINTS | MAX POINTS | NAX PTS | NAX PTS
20 10 20 80 20 1 20 50 100
1 120 3| 9| a| 18] 47 12| 2| 0f 23| s 07
1 (20| 3| 9} 9| 18] 47 1 /20 1] 10/ 1]30{ so 07
8 (15 ] 8| 4| 8] 10/ a9 8|18 8 4f 613 ]| = 60
130 1w ] 1| 20| so 6|18 e 6] 7| 8] 30 80
1120} 6| 7| a| 18| 4s 1|30} 4 s| 130 | 48 93
1 a0l 111wl 1] 20| 30 s{1sl @ [ s | 30 80
1]20 ] 6| 7] al 18] 4s 1]/20) « sl 1)a20 /| an 93
1{20] «| 8| 3] 18] 46 | s{w] s| o 1|20 I a ™

Suitability to Launch Environment

This parameter subjectively accounts for the degree of support
provided to the utilities during launch by the utilities
installation systems (longerons, trays, clips, shoes). Electrical °
utilities mounted on the longerons are best, with trays second, and
the remaining concepts last. The points allocated are a judgmental
estimate of the relative difference between the designs.

Mass Implication

This parameter quantitatively accounts for the GEO transfer cost
implication of the utilities support system mass. The masses shown
represent the delta mass above that of the minimum value.

TR
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Table 4.3-3 compares the comparative capability of the designs to accommodate
the fluid utilities. The following clarification of the evaluation parameters
is presented.

o) Minimum Bend Radius

A large bend radius in the fluid lines is judged to be better than a
small bend radius. A small bend radius has higher stress and takes
more force to fold.

o The notes for Tables 4.3~]1 and 4.3-2 apply to the other‘parameters
shown.

Table 4.3-3. Fluid Utilities Accommodation
(LEO and GEO)

FLUIO UTILITIES ACCONMODATION
EASE OF

[ RELIABILITY GROUND SUITABILITY

Q SPACE DEPLOYMENT | TO LAUNCH MINIMUM

N | DEPLOYMENT | & CHECKOUT [ENVIRONMENT| BEND RADIUS

E RADIUS

P RANK | PTS | RANK | PTS | RANK | PTS {CM) PTS TOTAL

T MAX POINTS | MAX POINTS { MAX POINTS HAX POINTS |MAX PTS
20 10 20 20 70

1 1 {20} 1 |10 1]20 ]| 12 15 | 65

2 5|19 | 5] 8|5 |18 ] 20 |20]| 65

3 8l | 6| 7|6 |16 | 20 20 | 53

4 s 1ol sl 72726 ] 1t 14 | 48

5 1{20] 3|91 {20 4 | 10| 59

6 s |19 e | 7| 7] e 1 | 18] s0

7.1 1}20} 3] 9] 1|20 4 | 10| s9

8 1 {20 ] 1101 |20 3.1 {10 ] 60

Table 4.3-4 comparss the versatility of the candidate structural designs to
use either aluminum or composite materials (graphite epoxy or metal matrix).
The judgemental evaluation is based upon the degree of static determinacy of
the structure. The maximum points are assigned to statically determinate
structures. A pure statically determinate structure can experience thermal
gradients between members with no loads incurred and no resistance to closure
just prior to locking at the end of the deployment phase.

4-8
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Table 4.3-4. Structural Materials
variation (LEO and GEO)

STRUCTURAL MATERIAL
VARIATION#*—20 POINTS

|
CONCEPT| RANK POINTS

|

- 1 1 20

2 1 20

3 8 8

4 1 20

5 6 8

8 1 20

7 1 20

8 8 8

NOTES:

COMPOSITE MATERIALS OR
ALUMINUY

csprpmmCrAT TR -

Tables 4.3-5 and 4.3-6 compare, for GEO and LEO platforms, respectively, the
candidate concept trusses accommodation of varied strength and stiffness
recuirements. The three ranges of strength and stiffness requirements are
defined in Table 4.1-1, (Major Criteria used in the Selection Process). The
accommodation of strength and stiffness is described by packaging efficiency
and structure mass; hence, these parameters are the basis for this
assessment. Clarification of each of the parameters is as follows:

e} Packaging Efficiency

The pazkaging efficiency is the ratio of deployed length to stowed
length. This is a quantitative evaluation with linear distribution
of points between the maximum and minimum values. Consideration was
devoted to use of a volumetric efficiency term. The linear
efficiency is used because the study of packaging (Section 1.4.3)
the concepts indicates that it is the most significant factor.

o Mass Implication

This parameter represents the estimated weight difference between
the concepts as used in the generic platform. A detailed breakdown
of the designs for the adopted strenzth and stiffness requirements

is presented in Table 1.4-3. The concern here is the implication on
GEO transfer cost.

4-9
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Table 4.3-5. Strength and Stiffness Accommodation (GEO)

STRENGTH AND STIFENESS ACCOMMODATION

REDUCED STRENGTH . ADOPTED STRENGTH INCREASED
c AND STIFFNESS AND STIFFNESS STIFFNESS
0 I PACKAGING PACKAGING PACKAG ING
N lerriciency | MAss EFFICIENCY |  MASS EFFICIENCY |  MASS
¢ (PE) IMPLICATIO! (P%) IMPLICATION _(PE) 14911 CAT 1 ON|
E ” 2 TOTAL
P A ACROSS
T PE | PTS | Hass | prs PE | PTS |MASS | PTS PE | PTS | mMass| PTs ALL

MAX POINTS | MAX POINTS | SUBTOTAL] MAX POINTS | HAX POINTS |SUBTOTAL| MAX POINTS | MAX POINTS |SUSTOTAL] REQMTS,

10 20 30 20 30 50 10 10 20 100
1 22 | 5 11,0 12 17 |15 101.1 | 17] 27 8|50l o 5 49
2 32110 (|1.2;10| 20 |21.6] 17 1.3 | 15] a2 8 | 511410 5 57
3 26| 7{o0.0[20| 27 20 | 15 fo.0 { 30 45 J20 | 8 o |10 19 91
4 26 | 7 |o.2]19| 26 20 | 18 .7 | 22 37 {10 | 6 J10] 0 8 69
5 25 | 6 |o.9]| 13 19 |25 20 o1 {20] 49 |25 |10 3|3 13 81
6 31| 9 |o.e] 15} 24 20 | 15 {1.0 | 18 a3 100 {6 {121]o0 8 ‘83
7 25 [ 6 |1.3] 10 16 25 | 20 |1.3 | 15| 3s 25 {10 3| 3 13 64
8 [28 | 8 Jog |15 | 23 |22 |17 Jo.o | 18] as j14 {7 j12 ] 0 7 85

NOYES:  MASS DATA (KG x 10~3) BASED ON GENERIC PLATFORM (WITHOUT MECHANIZATION SYSTEM),

Table 4.3-6. Strength and Stiffness Accommodation (LEOQ)

STRENGTH AND STIFFNESS ACCOMMODATION
REDUCED STRENGTH ADOPTED STRENGTH INCREASED
¢ AND STIFFNESS AND STIFFNESS STIFFNESS
0 PACKAG ING PACKAGING PACKAGING
N EFFICIENCY EFFICIENCY EFFICIENCY
E (Pe) (PE) (PE) TOTAL
P PE___| PoOINTS PE POINTS PE___ | POINTS Ao
T MAXIMUM POINTS HAXTMUM POINTS MAXIMUM POINTS REQMTS
10 20 10 40
1 22 5 15 10 8 5 20
2 32 10 21.6 17 8 5 32
3 26 7 20 15 20 9 31
4 26 7 20 13 10 8 28
5 25 6 25 20 25 10 36
6 31 9 20 15 10 6 30
25 6 25 20 25 10 36
8 28 8 22 17 14 7 32

4-10
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Table 4.3-7 compares the gandidate concepts' building-block platform
construction versatility. The following discussion clarifies the comparison
parameters.

Table 4.3-7. Platform Construction (LEQO and GEO)

PLATFORM CONSTRUCTION
¢ EASE OF BEST MIHIMUM
° JOINING ACCOMMODAT 10N DESIGN
N BUILDING OF PAYLDADS CONSTRAINTS—
p BLOCKS AND DOCKING RAIL
E DEPLOYMENT
P RANK | POINTS RANK | POINTS RALLLENGTH | _POINTS TOTAL
T MAX, POINTS MAX, POINTS MAX, POINTS RAX, PTS
20 20 20 80
1 4 14 4 18 3.2 17 49
2 1 20 1 20 2.5 18 58
3 8 8 8 6 8.0 10 22
4 4 14 4 18 1.0 20 %2
5 6 10 6 10 2.8 17 a7
1 20 1 20 1.6 20 80
. 8 10 8 10 2.8 17 ar
8, 1 | 20 1 20 19 | 19 | se

o Ease of Joining Building-Blocks

This section ranks the ease and versatility of joining building blocks
together to form platforms of many configurations. Building blocks are joined
to each other or to other modules via the main housing or adapter. Rigid
square housings/adavters are the best, followed by rigid triangular shapes.
Expanding triangular shapes, such as Concepts 5 and 7, pose difficulties
becausze of the change in dimension of the housings/adapters. Concept 3

offers the most difficulty because of the flat shape of the housing/

adapter, and because only two of the longerons are tied into the main

housing. The other two longerons must be tied into another structure
(subseqnent to truss deployment) to maintain structural integrity.

0 Best Accommodation of Payloads and Docking

Payloads/docking accommodations are provided by the main housings and the
adapters. Adapters which do not change shape are judged superior to those
which expand (Concepts 5 and 7) or to those which unfold (Concept 3). Rigid
square main housings are best for mounting interfaces, closely followed by
rigid triangular housings. Concepts 5 and 7 have expanding triangular
housings which pose obvious difficulties. 'The mounting of an interface on the
main housing of Concept 3 requires a deployable substructure.

4-11
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0 Minimum Design Constraints——Rail Deployment

The length of the deployment/guide rails poses some design
constraints. If the rail is to be folded for stowing, a longer rail
may require multiple folds. If the rail is to be moved into
operating position subsequent to a partial deployment of ths
truss/payload, a longer rail requires a longer "partial deployment"”
which in turn implies a longer "partial deployment mechanism".
Finally, if a fixed rail system is to be used, a longer rail implies
- that more of the orbiter payload bay is required for stowage.

4.4 COSTS FOR GENERIC PLATFORM (LEO AND GEO)

The grading of the eight building-block concepts is shown on Table 4.4-1.
Additional information is provided on Tables 1.4-~4, and 1.4-5

The following notes are intended to explain the rationale behind the grading,
points allocation of Tables 4.4-1.

Table 4.4~1 presents the comparative costs determined for the candidate

concepts as used in the generic platform and sized for the adopted
strength/stiffness requirements and adopted complement of utilitiss. The

Table 4.4~1. Costs for Generic Platform (LEO and GEO)

c EoutY, tQuiv,
0 POINTS POINTS
N 4 LAUNCH cosT (D TOTAL FOR 4 OTV COST FOR FOR
¢ A FAB, | A COST | A COST { GEO TRANSFER @ |A cosT
g A PXG. cosT FOR LEO | FOR LEO FOR GEO
T (:§¥c;2) A ( MAX PTS A A HAX PTS

{1 (M) 5M) ($H) 20 HASS [5M) 20
2,25 5,9 1.5 7.4 11 1.1 9.7 12
1,5 3.9 4.0 8,2 10 1.3 11,5 10
B 2.3 6.0 0.7 6.3 12 0.0 0,0 20
4 0.75 1.8 0.5 2.3 17 0,7 6.2 14
5 0.0 0.0 0.0 0,0 20 0.0 0.0 20
5 2,1 5.5 2.0 7.8 11 1.0 8.8 12
7 0.0 0.0 1.3 1.3 18 1.3 11.5 10
8 1.5 -+ 3.9 3.0 6.9 12 1.2 10.6 11
NOTES ;
(D BASED ON $2.6M PER METER OF PACKAGED LENGTH
2 BASED ON $8.8K PER KG
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difference in packaged lengths is determined from the packaging arrangements
shown in Section 1l.4.3. The recurring fabrication costs are extracted from
Table 1.4-5. The use of the unit Shuttle launch cost of $2.6M/meter is based
upon a FY 1981 launch cost of $48M divided by the 18.3 m bey length. A
significant reservation on the use of this value is that for a dedicated

mission the $48M cost is incurred ragardless of the length of the bay actually
used.

The differences in platform mass are obtained from the data shown on Table
1l.4-4. A significant reservation pertaining to the OTV transfer costs is that
it is representative of only the adopted strength/stiffness requirements and
for the generic platform. For this reason, and the reservations noted above,
the point allotment of the cost criteria on the final summation charts is no
more than 40. Further, the maximum coat differences shown are very small

compared to the total system cost.
4.5 THERMAL STABILITY OF STRUCTURAL CONCEPT

The grading of the eight concepts for thermal stability is shown in Table
4.5-1. This table is a summary of the thermal data shown on Table 1l.4-2.

Table 4.5~1. Thermal Stability of Structural Concept

d DIAGONAL | LONGERON TEMP. (*C) AT FIGURE OF
|_conceer (m) PRESENT | SUN SIDE ] SHADE SIDE|  (°c)  |MERIT, d/7(aT) | PoInTs
| 1.6 YES 21.6 -13.5 35,1 0.046 "
2 1.3 YES 20.7 -11.6 32.3 0,053 12
NO 24.0 4.8 19.2
3 3.0 NO 24.0 2.7 21.3 0.140 20
1.7 YES 21.7 -7.h 29.1 0.058 12
2.5 YES 23.8 -36.0 59.8 0,040 1
(TENS L ON
STRAP)
1.3 YES 22.5 -22.6 45,1 0.029 10
7 2.5 YES 23,6 -56.7 80.3 0.031 10
8 1.3 YES 22.5 -17.5 40.0 0.031 10

4.6 METEOROID IMPACT SUITABILITY OF STRUCTURAL CONCEPT

This section discusses the issue of potential meteoroid impact and structural
survival. The data in Table 4.6-1 were derived using the meteoroid model
stipulated in Reference 6. The model is sufficiently accurate for the GEO
environment. Man-made debris was less critical (Reference 15), :

The size of the meteoroid particles and associated probabilities are shown for
two sizes of platform and for a 10-year exposure. The projected area applies
to the totality of truss members. Little to no recent information exists
pertinent to the size of holes resulting from the meteoroid strike,
particularly for graphite composites. From discussions with Materials
personnel and reviews of meteoroid impact damage (Raference 7), it is esti-
mated that the hole size may be 2 to 4 times the diameter of the particle.
Considering the low levels of stress and low number of cycles associated

4-13
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with RCS systems, and the negligible impact of the hole on local or Euler
stability, it is likely that the structural damage will be acceptable.
However, since this needs to be verified, redundancy in the structural
design is an advantage; hence the grading of the eight concepts 1s based
on that consideration and is shown in Table 4.6-2.

Table 4.6~1. Probablility of Meteoroid Damage

GENERIC PLATFORM (220 m)
PROBABILITY
OF HIT IN METEOROID POTENTIAL
10 YR DIAMETER HOLE DIA.
(%) (cm) {cm)
1 0.60 1=1/4 70 2=1/2
2 0,48 1702
5 0.38 3/ 10 1-1/2
SMALLER PLATFORM (70 m2)
PROBABILITY
OF HIT IN METEORO1D POTENTIAL
< 10 YR DIAMETER HOLE DIA,
. (%) {cm) (em)
1 0.42 376710 1-1/2
2 0.36 374 TO V=172
5 0.30 17270 1=1/4

Table 4.6-2. Meteoroid Impact Suitability

METEOROID IMPACT
SUITABILITY-=20 POINTS
CONCEPT RANK POINTS

| 5 10
2 4 16
3 ! 20
] 5 10
5 S 10
6 } 20
7 5 10
8 | 20
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4.7 RELIABILITY OF DEPLOYMENT OF BUILDING BLOCK

This section compares the candidate building-blocks for reliability of
deployment based on the parameters which are explained in detail below. The
grading of the eight concepts is listed in Table 4.7-1.

o Bagsic Twitns Based on Number of Joints.

This evaluetion is based on the number of joints in the length of truss
required to build the generic platform. The joints included are sliding
Joints in diagonals and battens, and folding/rotating joints in the longerons
and pyramidal members. There is an inverse linvar relationship between the
number of joints and the number of points awarded. Table 4.7-2 describes in
detail the numbers of joints for each of the eight concepts.

] Basic Truss Based on Complexity.
This is an assessment based on the type of joints/ movements used in deploying
the basic truss structure. S1liding joints in diagonals ure judged to be more

complex than folding joints. The I-gection aliding battens of Concepts 5 and
T are judged to be the most complex.

Table 4.7-1. Reliability of Building-Block Deployment

| THERMAL
¢ BASIC TRUSS EFFECTS— | THERMAL DOCKING
pt BASED oM |BAsic TRuss| craeHiTE | eFFECTS— PORT
N NUMBER OF | BASED on | composiTe | ALuminuM | mousine | AoaTem | sueeoRt
c JOINTS | COMPLEXITY| TRUSS TRuss | stauctume | sTrucTure § sTRUCTURE
E 0. OF )
$ OINTS] FTS JRANK | PTS | RANK PTS ] RANK | PTS | RANK PTS -] RANK FTS § RANK | PTS ‘!OTAL
HAX POINTS |MAX POINTS |MAX POINTS |HAX POINTS | MAX POINTS |MAX POINTS | MAX POINTS | MAX POINTS
10 10 15 5 20 20 10 20
1 gag| o | 2|8 |1 |15] 1|58 120 1l20] 1110 87
2 haso| 8 {218 |6 | 12] 6] 4 1|2 1|20] 2110 82
3 flwes| s | 1 {10 y 7 | 12} 7] 3 1| 2] s]l12] s | 4 69
4 lizaz} 8 2 |8 |1 |15] 1]s 1120 1l20] 11} 10 86
5 a2t e |5 |7 | 12] 7] 3 7{ 8} 6| 16| 6| 8 80
6 heso] 7 |2 |8 {1 | 15] 2|5 1{20] 1|2} 1110 8s
79 hasa| s {e |5 J1|15] 1]s 71 8} e6l16] 6| s 63
g8 paos| s |e !5 |1 15] 1]|s 1|2}.11201 1110 80
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Table 4.7-2. Number of Joints in Basic Structure for Generic Platform
, NUHBER OF NUMBER OF NUHBER OF NUMBER OF
NUMBER LONGERON D1AGONAL DIAGONAL BATTEN NUMBER OF
OF FOLOED TELESCOPING FOLOED TELESCOPING | PYRAMIDAL TOTAL
ClncePT BAYS JOINTS JOINTS JOINTS JOINTS JOINTS JOINTS
1 212 636 212 — -— — 848
2 270 1080 270 — — — 1350
a3 114 456 — _— —_ 912 1368
4 207 621 831 -— — — 124%
5 122 366 - - 366 — 733 '
i} 218 830 830 — — —_ 1660 f
1N
7 122 366 366 733 268 — 1464
8 184 1472 736 — — —_ 2208
NOTES: COUNT GOES NOT INCLUBE BASIC CLEVIS JOINTS SECAUSE THEY ARE SIGNIFICANTLY LESS COMPLEX
THAN FULDING AND TELESCOPING JOINTS. THE NUMBERS ARE BASED 0N APPROXIMATELY 340 METERS
OF TRUSE, WHICH 1S THE LENGTH REQUIRED TO BUJILD THE GENERIC PLATFORM,

0 Thermal Effects, Graphite Composite Truss or Aluminum Truss

These parameters account for the reduced reliability of deployment inherent in
the structures that are indeterminate for the materials shown. The values are
judgmental between the maximums and minimum shown.

0o Housing Structure

Concepts 1, 2, 3, 4, 6, and 8 are ranked equal because they are rigid with no
mechanisms required. Concepts 5 and 7 are ranked last, because they require
a mechanism for lateral extension.

o Adapter Structure

Concepts 1, 2, 4, 6, and 8 are ranked first because they are rigid structures
which require no mechanisms. Concepts 5 and 7 are judged as having less reli-
abil.ty because they are expanded by a mechanism, Concept 3 is ranked last
because it requires a separate mechanism to unfold it.

o Docking Port Structuru

A docking port interface mounted to a rigid main housing is the most reliable.

Concepts 5 and 7 have expanding main housings which degrade the reliability of

the interface. Concept 3 requires a separate substructure to be deployed to

obtain a docking port interface. This requires additional mechanization, ‘
which is the reason for its being ranked 8th. n

4-16
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4.8 PREDICTABILITY OF PERFORMANCE OF STRUCTURAL CONCEPTS

The grading for the eight concep%s is listed in Table 4.8-1.

The features of the eight atructurzl concepts which affect the accurate
prediction of structural performance are:

0 A determinate structure is better than an indeterminate structure
for analytical purposes

o The difficulty of maintaining the tension in "X" braced structures
which is essential to performance predictability

o) The disadvantages of designs with offset load paths at the joints

While NASTRAN analysis and development testing during a program can deal with
these effects, Table 4.8-1 judgmentally and qualitatively accounts for these

additional requirements.

Table 4.8~1. Predictability of Performance

COMPOSITE MATERIALS ALUMINUM I
c PREDICTION - PREDICTION PREDICTION PREDICTION
0 oF oF ©OF OF
N INTERNAL EFFECTIVE INTERNAL EFFECTIVE TOTAL
c LOADS STIFFNESS LOADS STIFFNESS FOR BOTH
s RANK l POINTS | RANK T POINTS | TOTAL RANK | POINTS | RANK L’omrs TOTAL MATERIALS
T MAX POINTS MAX POINTS MAX PTS MAX POINTS MAX POINTS | MAX PTS| '

10 10 20 10 10 20

1 1 10 | 1 10 20 1 10 1 10 20 40
2 6 9 8 5 14 8 9 7 5 14 28
3 8 6 1 10 16 7 4 1 10 14 30
4 1 10 1 10 20 1 10 1 10 20 40
5 6 6 7 8 14 8 4 - 8 2 6 20
6 1 10 1 10 20 1 10 1 10 20 40
7 1 10 1 10 20 1 10 1 10 20 40
8 1 10 1 10 20 1 6 V1 10 16 a6
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4.9 ORBITER INTEGRATION SUITABILITY

UALITY

This section compares the candidate designs in regard to their orbiter
integration suitability. .

The grading of the eight concepts is shown on Tablr %.9-1.

Table 4.9-1.

Orbiter Integration Suitabilicy

¢ | @ nousine (D EASE OF EASE OF CRADLE (D COMPLEXITY,
0 LAUNCH PACKAGING PACKAGING STRUCTURE PACKAGED
N ENVIRONMENT INTO INTO A MASS CONF { GURAT1ON SPARE
c SUITABILITY ORBITER ORBITER (kG x 10°3) TO DEPLOYED VOLUNE
s RANK IPOINTS rank | points | rank | points| a Mass | roints | rank | poinrs] rank |roinrs] ToraL
T MAX POINTS MAX POINTS MAX POINTS MAX POINTS MAX POINTS | MAX POINTS | MAX PTS
10 10 10 10 10 10 60
1 1 10 8 5 1 10 |o0.9 8 3 8 7 5 46
2 1 10 5 6 1 10 1.4 7 5 7 4 7 47
3 8 b1 4 7 1 10 2.3 5 8 6 1 10 41
4 1 10 2 8 1 10 1.0 8 3 8 7 5 49
5 1 10 1 10 6 8 0 10 1 10 2 8 56
8 1 10 5 6 1 10 1.8 6 5 7 4 7 46
7 1 10 1 10 6 8 0 10 1 10 2 8 56
8 1 10 5 8 1 10 1.4 7 5 7 4 7 47 -
NOTES: '(D APPLICABLE TO GENERIC PLATFORM
@ APPLICABLE TO PLATFORN SMALLER THAN GENERIC
(® BASIC BUILDING BLOCK CONCEPT

A discussion of each of the design parameters, listed above, is as follows:

o) Housing Launch Environment Suitability
This parameter judgmegtally accounts for the relative capability of the
candidate housing designs to sustain the launch/inertia induced loads and also

to provide (in conjunction with the cradle structure) a, minimum natural
frequency above that of the orbiter (say, 10 Hz).

o Base of Packaging into Orbiter (Generic Platforms)

The rankings of this section are based on the studies and drawings made.for
the generic platform only. PFactors which influence the package are:

o  Packaging ratio = expanded length of a4 truss
stowed length

o The shape of the truss section

0 The size of the truss section

4-18
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Concepts 5 and 7 gain firat due to their high packaging ratio.
Triangular~-shaped trusses generally fit together in a circle (such as the
orbiter payload bay) better than square-shaped trusses. If the packaging can
be arranged so that the building blocks fit across the payload bay instead of
along the longitudinal axis, it is an advantage. This is reflected in the
ranking of Concept 3.

o Ease of Packaging into Orbiter (Smaller than Generic)

No drawings of packaging "smaller than generic" platforms into the orbiter
were made. As the platforms become smaller, so does the differential between
them, until the point is reached for very small platforms when there is
generally little significant advantage of one concept over another. It is
Judged that small platforms can protably be packaged across the width of the
payload bay. Concepts 5 ard 7 are ranked slightly lower because of the need
for clearance around the expanding main housings.

o Cradle Structure Delta Weight.

This quantitative assessment describes the delta weight additional to each
concept as packaged in the orbiter. The delta weight represents cradle
structure, trunnions and, where required, reinforcement of the housing
structurse. No distinction is made between LEO and GEO desigas at this stage
of the investigation.

0 Complexity of Configuration—Packaged to Deployed

This evaluation addresses the difficulty and complexity of moving the building
blocks from the packaged configuration to the final deployed configurations.
For each concept, a count was made of the number of mechanisms/movements
required to unlock, rotate, relock each building-block housing and adapter,
and the unfolding of the deployment/guide rails. The concept with the least
number of mechanisms/movements, etc., was awarded first place with the other

concepts graded accordingly. This assessment is applicable only to the
generic platform.

0 Spare Volume

In the length of the orbiter payload bay which is occupied by the packaged
generic platform, a certain percentage of the volume is available for other
purposes. The concept with the maximum space is awarded first place, and the

other concepts are ranked accordingly. This assessment applies only to the
generic platform.

4-19
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4.10 SUMMARY OF POINTS AND GRADING

The results of the points allocation and grading of Sections 4.3 through 4.9
are presented in five tables:

o  Table 4.10-1, Total of Normalized Points (LEO)
o Table 4.10-2, Total of Normalized Points- (GEO)

. -0 Table 4.10-3, Total of Normalized Points (LEO)-Sensitivity Trade
o Table 4.10-4, Total of Normalized Points (GEO)-Sensitivity Trade
) Table 4.10-5, Summary of Points (LEO and GEO)

Table 4.10-1 (LEQ) presents the total points in each of the seven major
selection criteria for each building-block concept. The point values shown
for each concept are obtained from the total point value determined in the
individual preceding criteria sheets multiplied by the appropriate factor

to be compatible with the maximum point allocations shown on this chart for
each criterion. For example, for Concept 1, the total points for r "Reliability
of Building-Block Deployment" (obtained from Table 4.7-1) is 87 out of a total
possible 90 points. The 97 points shown oan Table 4.10-1 is obtained by 100/90
x 87 = 96.66 or 97. The "Design Versatility" critorion includes the points
obtained from Tables 4.3~2, 4.3-3, 4.3-4, 4.3-6 and 4 3-7, normalized in the
same manner as shown above. .

Table 4.10~1. Total of Normalized Points (LEO)

(1) (2) (3) (%) (s (6) (7)
METEOROID
DESIGN THERMAL IMPACT RELI- PREDICT- ORBITER
VERSATILITY cosT STABILITY |SUITABILITY] ASILITY ABILLTY INTEGRATION|  TOTAL
CONCEPT | MAX POINTS{ MAX POINTS | MAX POINTS | MAX POINTS |MAX POINTS |MAX POINTS | MAX POINTS [HAX POINTS
100 40 20 40 100 20 80 380
1 87v 22 11 20 97v 20 ¢ 46 303
2 94v¢ 20 12 a2 91 14 47 7/ | 310 @
3 60 24 20y 40 v 77 15 41 277
4 78 34 v 12 20 26 ¢ 20 ¢ 49 309 @
5 80 40 v 11 20 67 10 56 v | 284
6 83 22 10 40 ¢ 94 ¢ 20 v 48 315 @
7 84 36 v 10 20 70 20 ¢ 56 v | 298
8 88 v 24 10 a0 v 89 18 47 v | 816 o
NOTES:
CIRCLED NUMBERS IN TOTZ:.S COLUMN DENOTE RANKING.
v FOR TOP 3 VALUES IN E.H CATEGORY
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The assignment of maximum points of 100 to "design versatility” and
"reliability"” represents the greater importance of these criteria. The
rationale for reduced emphasis on cost is discussed in Section 4.4. It is
important to note that this generic requirements point allocation wpuld be
different for a very specific mission, depending on constraints. For example,
suppose the available orbiter length is a constraint, or suppose subsequent
test data indicate meteoroid impact to be more eritical than expected. These
parameters and/or criteria take on an increased significance. The total
points are shown to the right for each concept, with Concepts 8, 6, 2, and 4
representing the most suitable design for a LEO platform.

Table 4.10-2 (GEO) is compiled in the same fashion as Table 4.10-1. The table
indicates Concepts 6, 8, 4, 3, and 2 to be most suitable.

Table 4.10~-2. Total of Normalized Points (GEO)

(1) (2) 3) (4) (5) (6) (7
METEORO!ID
DESIGN THERMAL IHPACT RELI- PREDICT- | ORBITER
VERSATILITY|  cosT | sTABILITY [surTaBiLiTY| AsILITY ABILLTY |INTEGRATION]  TOTAL
CONCEPT | MAX POINTS| MAX POINTS | MAX POINTS | MAX POINTS IMAX POINTS |MAX POINTS | MAX POINTS |NAX PGINTS
100 - 40 20 40 100 20 80 380
1 77 24 11 20 a7 v 20 v 46 295
2 86 V 20 12 32 91 14 47 /| 302 @
3 69 40 v 20 ¢ 40 v 77 15 4 soz 2
4 78 28 v 12 20 o6 v 20 v 49 303 @
5 75 40 v 11 20 87 10 56 v 279
6 80 ¢| 24 10 40 94 y | 20y 46 314 @
7 75 20 10 20 70 20 ¢ 56 v 271
8 81 v | 22 10 0 ¢ 89 18 a7 v | 307 @

NOTES:
CIRCLED NUMBERS IN TOTALS COLUMN DENOTE RANKING.
v FOR TOP 3 VALUES IN EACH CATEGORY

Tables 4.10-3 and 4 describe the corresponding sensitivity data derived as
described in Section 4.2. The results are summarized in Table 4.10-5. The
sensitivity study data, however, is not considered on an equal basis with that
of the baseline.

4-21
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Table 4.10-3. Total of Normalized Points (LEQ)-—Sensitivity Trade

1) (2) (3) (4) (5) (6) (7)
HETEOROID
DESICN THERMAL IHPACT RELI- PREDICT- | ORBITER
VERSATILITY]  cosT STABILITY [SUITABILITY[ ASILITY ABILITY |INTEGRATION|  TOTAL
CONCEPT | MAX POINTS] MAX POINTS | MAX POINTS | MAX POINTS |MAX POINTS |MAX POINTS | MAX POINTS |MAX POINTS
100 40 20 40 100 20 60 380 :
1 75 4 2 20 93 v 20 v 44 258 :
2 90 v 0 4 3z 83 14 14 269 :
3 53 8 20 v 40 v 71 15 36 243 :
4 70 28 v 5 20 91 v 20 v a7 v 281 @
5 76 40 v 1 20 62 10 56 v 265 :
6 79 0 0 40 v 89 v 20 v 43 2 @ :
7 80 v 34 v 0 20 64 20 v 56 v 274 @
8 82 v 6 0 40 v 83 18 44 273 @
NOTES :
Circled numbers in totals column denote ranking.
v For top 3 values in each category.

Table 4.10-4. Total of Normalized Points (GEO)~Sensitivity Trade

4} (2) (3) (4) (5) (6) (n
METEOROID
DESIGN THERMAL 1MPACT RELI~ PREDICT- ORBI TER
VERSATILITY cosT STABILITY |[SUITABILITY! ABILITY ABILITY |INTEGRATION|  TOTAL
CONCEPT | MAX POINTS| MAX POINTS | MAX POINTS [ MAX POINTS {MAX POINTS [HAX POINTS | MAX POINTS |MAX POINTS
100 40 20 40 100 ¢ 20 60 380
1 58 6 2 20 93 v 20 ¢ 44 243
2 76 v 0 4 32 85 14 44 255
3 65 40 v 20 v 40 v 71 15 36 287 @
4 69 v 18 v 5 20 91 v 20 v 47 v 270 @
5 66 40 v 1 20 62 10 56 v 255
6 73 ¢ 10 0 4¢ v 89 v 20 v 43 275 @
7 61 0 0 20 64 20 v 56 v 221
8, 69 v 4 0 40 v 83 18 44 258 @
NOTES: B
Circled numbers in totals column denote ranking.
v For top 3 values ia each category.
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Table 4.10-5 summarizes the data obtained from the preceding tables. The
number of criteria for each concept that are within the top three is indicated.

The major result ia that there is little difference in the total points
obtained for the top four designs. Hence, the decision between thcse is
Judgemental, but based on the knowledge gained from the details of the study
and tabulation of the selection process data.

Table 4.10-5. Summary of Points and Grading,

LEO and GEO
LEO PLATFORM GEO PLATFORM

BASELINE SENSITIVITY INO. OF CRITERIA] BASELINE SENSITIVITY [NO, OF CRITERIA
DATA DATA IN TOP 3 DATA DATA IN TOP 3

CONCEPT | PLACE |POINTS | PLACE |POINTS | BASE | SENS. | PLACE [POINTS | PLACE | POINTS| BASE | SENS,
8 1 316 3 | 273 3 2 2 307 4 258 3 2
6 2 318 4 271 3 3 1 314 2 275 4 4
4 4 309 1 281 3 4 3 303 3 270 3 s
2 3 310 5 269 2 1 4 302 5 255 2 1

4,11 CONCEPT SELECTION

A review of the selection process of Sections 4.1 through 4.10 and Table 4.10-5
leads to the following general conclusions:

o Concept selection between the first four designs is judgmental, but
based on knowledge obtained from selection process study.

o Specific mission critical requirements will impose special emphasis
on particular parameters and concept selection.

0 No clear concept choice distinction for LEO or GEO application is
represented by the data.

o} The major difference in concept selection will result from extent of
payload power and data requirements.

o No one design is best on the basis of satisfactiorn of every
requirement - improvement toward one requirement almost always
results in degradation of another requirement.

o The thrust of the program for the next 4 years should be to resolve

the major design & technology issues pertinent to deployable
platform systems.

4-23
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o The major design and technology issues are essentially the same
across the candidate designs.

o The open-square shape of Concept 8 has best growth potential for
utilities since it can accommodate in trays up to twice the baseline
study requirements (increased utilities requirements typical with
program maturity).

o For significantly reduced utilities requirements (mountable on
longerons), Concept 6 is adequate and is a simpler structural
design than Concept 8.

o Concepts 8 and 6 together present the most promising combinations
of top four designs (Figure 4.11-1).

CONCEPT

®

Figure 4.11-1. Concepts 6 and 8

Subsequent to the identification of Concepts 6 and 8 as the two designs best
suited for LEO/GEO platforms, it became evident that the best features of
both can be combined into one. This concept, known as 6A, is shown in
Figure 4.11-2, and further discussed as follows:

o Concept 6A is the best utilization of the advantages of Concept 8
(utilities accommodation) and Concept 6 (structural simplicity).

o Concept 6A permits full accommodation of the adopted utilities
requirement with a 0.5-meter-wide tray. The longerons are
folded at 30°.

o Concept 6A has an acceptable packaging efficiency of 18 for the
adopted requirements, and a 1.26-m~-deep truss. Increased pack-
aging efficiency is achievable with increased truss depth and
reduced loads.

4=24
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o The technology development of Concept 6A is applicable to a
family of designs ranging from Concept 6A to Concept 6.

® ALL MEMBERS ARE ROUND TUBES MAIN HOUSING
® LONGERONS WITH CENTER HINGE JOINTS ﬁ

© BATTENS CROSS BRACED BY TENSION STRAPS

® TELESCOPING DIAGONALS w7 Q l D
o NO OFFSET LOADS AT JOINT : .

ADAPTER

LONGERONS -]

UTILITY TRAY { / :! é
VL

END VIEW FOLDED DETAIL OF JOINT

UTILITIES INSTALLATION

Figure 4.11~2. Concept 64
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5. DEPLOYABLE VOLUME ENCLOSURES

This section describes several applications bf deployable volumes for a
typical Space Station (Figure 5.0-1), The three specific applications are
habitat modules, an orbit transfer vehicle (OTV) hangar, and crew transfer

tunnels.
=

SPACE STATION
CONCEPT N

HABITATS
' L i“'\

T8\

CREW TRANSFER
TUNNEL

Figure 5.0-1. Deployable Volume Enclosures

Current designs for Space Station modules typically visualize rigid bodies
which are approximately the same size as the orbiter payload bay. With the
advent of deployable volumes there arises the possiblity of launching much
larger modules without the problems associated with assembly in space. This
section examines these possibilities and demonstrates that in many cases they
are more than just possibilities - they are emimently feasible.

5.1 HABITAT MODULES

5.1.1 Habitat Requirements

The requirements for the design of the habitat module are:
o A life of 10 to 20 years in LEO.
o Compatiblity wivh the orbiter for transportation to LEO.

o Compatiblity with existing designs and concepts for manned space
stations.

5-1
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o Accommodation of crew of up to 8 for 90 days + 90 days =mergency..
o Normal pressurization of 14.7 psi (limit); 8 psi for an emergency.
o Provision of two separate pressurized compartments.

o Provision of two routes for ingress/egress.

o0 Automatic deployment to maximum extent feasible, EVA assist if
advantageous.

o Incorporation of all the equipment normally associated with habitat
modules, including life support equipment, command control center etc.

o Provision of two docking systems.

0 Minimum of one airlock.

o Exterior mounting of equipment such as fuel cells, toxic items etc.
o Radiation protection of 0.50 gram/em? (1.0 1v/ft?).

o Adequate meteproid protection (discussed subsequently).

5.1.2 Radiation/Meteoroid Shielding Review

The suitability of a potential habitat wall design concept (gratuitously
furnished by Goodyear Aircraft Corp.) for radiation shielding has been eval-
uated (Figure 5.1-1). The basic 2.5-cm~thick design with a foam density of
0.032 gm/cc is adequate for precluding skin damage but not for protection
of the astronauts' eyes. An additional 0.24 gm/cc2 needs to be provided by
either increasing the bladder thickness, foam thickness or density, a combin-
ation of the foregoing, or other means. The implication on packaging needs
to be assessed (in subsequent studies).

The associated probabjilities 6f meteoroid puncture of the inner wall using
two different foam defisities a¥se shown. These data are based upon the
meteoroid model specified in Réference 6 and the man-made debris model of
Reference 15, The analyses assume an effective stopping power of 15 for
the foam, i.e., the foam is as effective as 15 times the same mass per unit
area of a sheet of aluminum. This information was obtained from documented
tests performed by Goodyear, and is comsistent with predictions by Rockwell
researchers.

The probabilities shown indicate that with development of a leak-detectionm
system and repair capability, the inflatable wall design shown can be suitable
insofar as meteoroid impact is concerned (propagation of the puncture is not
expected to occur).
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ELASTIC RECOVERY CONCEPT FOR PROJECTED AREA OF 100 m?
: 0,016 GM/CM3 FDAM (2.5 cm THICK)
POLYURETHANE OUTER COVER AND
STAUETUMAL rom [/THENAN COATING o1% PROBABILITY OF PUNCTURE
LAYER IN 3 DAYS
#ON AVERAGE, ONE PUNCTURE
SN — EVERY 9 MONTHS TO BE REPAIRED
s 0,032 GM/CM3 FOAM (2.5 cm THICK)
1% PROBABILITY OF PUNCTURE IN
_ 27 DAYS
DETAIL WEIGHTS OF EXPANDABLE MATERIALS® oON AVERAGE, ONE PUNCTURE IN
CONSTRUCTION (ga/ca’) 1.5 YEARS TO BE REPAIRED
® ALUMINUM IRNER LAYER 0,002
® ADHESIVE 0,C05
e PASLAN THPERLOCRING LAYER 0.031 MATERIAL REQUIRED
o POLYURETHANE FOAM o 0a0 TO SATISFY
© ADHESIVE . RADIATION REQMT.

® OUTER COVER AND COATING
TOTAL 0.263

5.1.3

A review of the habitat requirements and logistics associated with delivery

*Courtesy of Goodyear Aerospace (for Expandabic Airlock Technology Experiment)

Figure 5.1-1. Habitat Radiation/Meteoroid Implications

Habitat Design Approach

of habitats to LEO resulted in the following design approach.

o]

The habitat module should be large as compared to coaventional
modules to significantly offset the reduced cost and higher
reliability of a conventional design.

For habitats with inflatables, use combination of hard (fixed)
structure and inflatables.

Design to accommodate equipment in its correct locations (on
the hard structure) during Shuttle launch to minimize work/
rearrangement on orbit.

Separate the crew quarters from the equipment not in regulax
use with placement of heavy equipment on hard structure and
crew quarters in the deployable structure.

Divide the crew quarters into large volumes for communal use
and into smaller private volumes.

Build radiators into the exterior of the hard structure.
Provide capability to repair inflatables from the inside.
A meteoroid bumper is desirable for inflatables.
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o Utilize the crew inside the Habitat Module for relocation of minor
equipment, final stages of deployment such as locking joints and
removal of temporary deployment mechanisms.

5.1.4 Candidate concepts for Habitat Modulea

Eight concepts for deployable Habitat Modules were considered (Figure 5.1-2). .
Three vere selected for further study (Section 5.1.5).

®DEPLOYA
Q ZZINZ ‘J‘
% Z Wz 4M DIA
Z M7
|len17.8M CEFLOVED—] |
10.9M STOWED

> D
fa—15.9M DEI'LO;ED-.]T

RIGID 11,1M STOWED

FLOOR, .
gy T
SECTION L—n.a«l\' oia—]

FIXED LENGTH
TORUS

®II.GM.-JI_A- QiADlA T-_—’_ .

‘J-l———lz.zm——]_-f ' l"'“‘"—‘j ‘ l—-lo,su_..{

Figure 5.1-2. Candidate Deployable Habitat Module Concepts

Concept 1 expands axially from a central airlock/docking port and two hard
decks on which equipment is mounted. The stowed module occupies most of the
orbiter bay and the deployed volume is minimal. The inflatable sections are
sypported by light deployable internal structures.

Concept 2 4is a derivative of Concept 1 but has spherical end bulkheads.

Concept 3 has a rigid central floor which acts also as a strongback for
launch. There are two docking ports and an airlock. The two inflatable
sections are shown as approximately 4.5 meters in diameter bu% can be larger.
They can be subdivided into wardroom, sleeping quarters, etc., as desired.

Concept. 4 consists of a nearly "standard" rigid habitat module with an i
inflatable torus attached. It has excellent capability for mourting !
equipment, good radiator area and a large inflatable volume for crew
quarters. The arrangement for airlocks and docking is the same as for
"atandard" rigid habitat modules.
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Concept 5 is a "standard" rigid habitat module with two deployable hard
sections. The deployable sections can be sealed either by large internal bags
or by sealing around individual joints (or both). The volumes available for
equipment and crew quarters are excellent. This concept has the further
advantages of all-hard atructure, large radiator area, standard docking, and
no unusual structures.

Concept 6 consists of Concept 4 with the additioh of a hard deployable shell
which serves as a meteoroid bumper for the habitat module and as an OTV
hanger. The systemis deployable and is packaged for a single¢ launch.

Concept 7 4is a rigid module with two inflatable sections deploysd from it.

It is somewhat similar to Concept 4 but the deployed volume is probably not
as useful.

Concept 8 is a variation of Concept 7, as shown.

5.1.5 Preferred Concepts

The three preferred concepts are shown in Figure 5.1-3. The drawings are
contained in Volume II. These concepts were selected for further inveatigation
for the following reasons;

0 Representation of a wide variety of designs

o A good ratio of deployed volume/stowed volume is provided

@ STRUCTURAL SHELLS WITH
=
SEALING BAGS INSIDE DENOTES

(s reQ'D) A [ ] oemovane
STRUCTLRE

(© wewarane roms

Figure 5.1-3. Preferred
Habitat Module Cencepts
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o High growth potential
o Adequate hard structure for mounting equipment

o Safety (redundant volumes available)

o The crew quarters can be subdivided into la"ge and small rooms as
desired

-0 No technology development of an unusually difficult nature is required
5.1.5.1 Habitat Concept 3

Concept 3 (Figure 5.1-4) consists essentially of an inflatable shell mounted on
each side of a strongback. The strongback serves as a launch cradle,
(contains trunnions and keel fitting), a mounting platform for equipment, and
as a structural support for the airlocks and docking systems.

Za
B \:"" PN,
L N DA R
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o INFLATABLE WITH A
STRONG BACK
® AUTOMATIC DEPI.OYMENT 3
© VOLUME STOWED 78 MY
o VOLUME DEPLOYED
LIVING 216
STOWAGE
UNPRESSURIZED 16
PRESSURIZED 42

AIRLOCKS 8
wmm | 12,534 ™
RADIATORS & COVERS
INFATAME STRONGBACK FOR STOWED INFLATABLES

/
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Figure 5.1-4. Habitat Module (Concept 3)
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The inflatable shells are sliown as 4.5 meters diameter but they can be
larger. When stowed for launch, tliey are contained behind covers which
conform to the shape of the orbiter payload bay. The covers are deployed to
allow the shells to inflate and are then used as radiators. The deployed
module forms two separate sections for safety/redundancy, with the strongback
providing a long central floor. Equipment is mounted both inside and outside
of the pressurized volumes. The two docking systems conform to standard
habitat module practice for design and placement. .

5¢1.5.2 Habitat Concept 4

This design (Figure 5.1-5) is a combination of an inflatable section and a
rigid body. When stowed, the module occupies all of the orbiter payload bay
with the exception of space for the docking module and the OMS kit. The
module is supported in the payload bay by standard trunnions and a keel
fitting and requires no separate cradle.

The rigid body is used mainly for equipment, arranged arcund a central tunnel
which runs the length of the module. The outside diameter of the rigid body
is used as e radiator for the whole of the Habitat Module. The inflatable
section is in the form of a toius which surrounds one end of the rigid body.
The torus provides a large living volume which can be used in many ways. One
requirement is probably to divide it into two spaces for safety/redundancy in
the event of loss of pressure. It should be noted that there is space inside
the rigid body which can be used in an emergency. A docking mechanism is

provided at one end of the module while at the other end an sirlock with a
docking mechanism is provided.

o INFLATABLE & HARD SHELL
o OPTIONAL HARD METEQROID
BUMPER

® AUTOMATIC DEPLOYMENT
o VOLUME STOWED 18] _M?

. ® VOLUME DEPLOYED
LIVING 302
STOWAGE 95
AIRLOCK 1
TUNNEL 12
420 M3
OPTIONAL *
'r--—4,6M_.| METEOROID
SHIELD
LIVING SPACE,
INFLATABLE
! Ly
A N
Pid %
~ AIRLOTK TUNNEL RADIATOR
AREA

Figure 5.1-5. Habitat Module (Concept 4)

5=-7

e e o ST i

B Tt

e

en—
L pybdes



ORIGINAL PAGE 9
OF POOR QUALITY

This module can be used with cr without a hard meteoroid cover over the
inflatable torus. The cover is folded and stowed around the outside of the
collapsed torus. When the torus inflates, the cover unfolds and expands along
with it. Deployment of the cover is completed when the panels which form its
end walls are released and swing into position under the influence of springs.

The shape and size of i:e torus can be chosen to suit requirements. Tt can be
much larger and it does not have to be a circular cross section. The shape,
as drawn, is a large circular room (10.7 m diameter) with a column in the
middle. The column is a portion of the tunnel which can be used to stow
equipment for launch. The equipment can be subsequently moved into the torus
living space.

5.1.5.3 Habitat Concept 5

When stowed, Concept 5 (Figure 5.1-6) resembles a standard habitat module
(i.e., as currently designed for the Space Station) which is roughly the same
size and shape as the orbiter payload bay. There are two sections which
deploy from opposite sides of the module and form the living volumes. They
are of excellent shape and can be subdivided to provide separate sleeping
quarters, wardroom, working areas, etc. The whole module divides naturally
into two spaces for safety/redundancy. At each end of the module is a large
airlock and docking mechanism. Some of the space currently allocated for
airlocks can be directed to stowage of items outside of the pressurized volume.

© HARD SHELL THROUGHOUT : RADIATOR AREA
o AUTOMATIC DEPLOYMENT _
VOLUME STOWED 181 M3 v ri ‘

* VOLUME DEPLOYED
LIVING 247 ,
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. N et | o
ND %7 Vi

'/ngyzoazﬂ' Z u LI R
A7 Sz 2 7R
/ z //%

A[RLOCK g
2 PLACES

N\

AN

Figure 5.1~6. Habitat Module (Concept 5)
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The structure is metallic, including the deployable sections and the close-out
panels. The whole structure is supported in the orbiter by standard trunnions
and a keel fitting. Expansion of the deployable sections can be obtained by
either internal pressure or by mechanical means such as astromasts or
screwjacks. Sealing between the deployable and the fixed sections can be
realized either by a large internal pressure-tight bag and by sealing around
individual joints. The area of the module available for use as a radiator is
unusually large.

The ability to carry pressure-induced loads across the deployable joints is
appreciated. These loads may be bending moments is addition to axial loads.
EVA-installed, moment-carrying fittings are possibly needed with this concept.

5.2 TUNNELS

No study effort was devoted toc tunnels since examination of Goodyear Aerospace
Corporation accomplishments indicated ample work has been done relative to
this component. The study time was better used in relation to hangars and
habitats, for which no readily applicable effort is available.

5.3 OTV HANGAR

5.3.1 OTV Hangar Requirements

There are few really firm requirements for an OTV hangar beyond the obvious;
i.e., it must remain in space for the same duration as the Space Station and
it is launched using the orbiter.

Previous studies have indicated the infeasibility of pressurizing the hangar.
The problems associated with opening/closing such a large pressurized volume
are:

o Sealing the hangar

o The huge quantities of air lost each time the hangar is opened

o Or alternatively, the very large power requirements if a pump is
installed to recover the air before opening the hangar

The other hangar requirements listed are uncertain. They can be questioned:

o Does the OTV require protection against meteoroids? Would it be more

cost effective to accept a small risk of OTV damage than to build an
expensive hangar?

o If work platforms are required, is it reasonable to build a hangar for
that purpose only; or would it be better to design the OTV so that
astronauts attach themselves directly to its outside ghell, rather
than to hangar-mounted work platforms?

Hewever, it was necessary to establish a bagis for design studies, hence in

spite gf the lack of maturity in hangar and Space Station definition the
f2llow 'ng requirements were tencatively assumed:

5-9
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o The OTVH size shall be suitable for the servicing/maintenance of an
OTV. Assume an OTV size of 4.3 m diameter x 10 m long as a maximum,
and work platform widths up to 2 meters.

© The OTVH will be unpressurized.

o The OTVH shall provide for a method of controlling the egress/ingreas
and stabilization of the OTV.

o Provisions shall be made for the following equipment:

Work platforms

Lighting

Electric power

0TV replacement items

0TV refueling

Minimum life support system (emergency)

00 00 0O

o The OTVH shall provide radiation and micrometeoroid protection to the
crew, OTV and equipment. (The end of the hangar pointing to earth is
not subject to micrometeoroid bombardment =znd can be left open)

o Life in LEO for 10~20 years

o The OTVH shall be compatible with an orbiter launch

5¢3.2 0TV Hangar Degign Approach

T». - are two hasic methods of designing the OTV hangar, i.e., inflatable or
heru shell. The hard shell is a more conventional approach, and provides a
fimmer base for work platforms (reaction of astronaut loadss. Ita major
Problem is packaging in the orbiter and deploying from it. If the Hangar is
to be packaged into a small portion of the oribvter instead of using the whoie
of the payload bay, the problem of deploying it becomes even more fcrmidable.

While an inflatable hangar is relatively easy to deploy, present designs may
not provide adequate stiffness for the work platforms. There are various
methods of hardening an inflatable structure such as foaming between walls,
use of a skin material which hardens on exposure to radiation, and an erectile
shell. In the erectile shell, a film of aluminum is added over the inflatable
which is then pressurized to stress the aluminum past its yield stresa. After
the gas escapes the structure maintainsg its shape.

Regardless of which structural concept is used, all of the auxiliary structure
and equipment are to be built into the assembly and deployed with it. These
items aré the crew work stations, lighting provisions, OTV ingress/egress
provisions, OTV stabilization provisions, crew ingress/egress provisions, CTV
refueling, and attachment to space atation.

An alternative to automatic deployment of the hangar is erection or, more
likely, a hybrid arrangement. The complications of automation must be
balanced against the difficulties of EVA erection. If EVA erection is
considered, it is better to use a method that requires a minimum of orbiter
support. .
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5:3.3 Meteoroid Impact Analysis

Since one of the purposes of a hangar is to provide protectioa for the OTV
against the impact of micrometeoriods, it is pertinent to e¢xamine the
potential damage to the OTV if an OTV hangar is not present.

The critical parts of the OTV are the LH2 and LOp tanks which are

contained inside an unpressurized structural shell as shown (Figure 5.3-1).
Present designs (ground-based and space~based) utilize a graphite composite
faced sandwich construction with a 0.035 gm/cn’® (2.2 1b/ft’) aluminum
honeycomb core. A rigid polyurethane foam core is expected to be structurally
adequate for a space-based OTV design and provides superior meteoroid
shielding capability over that of the honeycomb core. The foam core does not
have suificient shear and compression stiffness to stabilize the face sheets
against wrinkling during Shuttle launch of a ground-based OTV.

SPACE-BASED DESIGN CONSTRUCTION -

0,020 cm
- GRAPHITE
COMPOSITE
1T02 em l’ FACE SHEETS
. N
AN
OUTER —_t HONEYCOMB CORE

QR RIGID POLY-
SHELL # URETHANE FOAM
ALUM, TANK WALL

0.050 T0 0.10 em

Figure 5.3-1. OTV Construction

The Rockwell Space Station studies are pursuing a space-based OTV which will
be returned to earth after 16 missions (6 to 18 months). The micrometeoroild
analysis for this design indicates there is a 1% probability the space-based
OTV tank wall will be punctured in six months, and a 3% probability it will
be punctured in an 18~month lifzstime. This analysis is regarded as conserva-
tive since most of the tank wall is located a significant distance from the
outer shell. Furthermore, even if a tank containing LHp or LO2 is punctured
by a micrometeoroid there will not be a catastrophic failure. The tank wall
materials (2219-T87 or 2014-T6) are thin gauges and have a "leak before
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failure" characteristic that precludes explosive decompression. More than
100 cycles of pressure are required for a crack 0.04 cm deep by (.38 cm wide
to propagate to a through-crack.

The additional protection of a hangar wall for the OTV is illustrated in
Pigure 5.3-2. This figure also shows the cost implications of a hangar versus
replacement of an OTV. Clearly, the cost of a conventional hangar cannot be
justified on the basis of meteoroid protection alone. Only if the cost of
launching a hangar can be drastically reduced by tight packaging in the
orbiter or by other means, does the project become reasonable (if metsoroid
protection is the only significant requirement).

ADDITION OF HANGAR STRUGTURE

(WITHOUT FOAM)
HANGAR WALL 0.050 cm
-1 22
Z 15 PROBABILITY
METEOROID
)70 2 m | PARTICLES WILL

GET PAST [NNER

L w FACE OF H.C.
OUTER Hllll OUTER SHELL
E 3

SHELL ONCE (N 10 YR
0.05 70 0,10 cm
ﬁ ALUM, TANK WALL

IS HANGAR REALLY COST EFFECTIVE |f METEOROID PROTECTION
1S PRIMARY JUSTIF|CAT!ION?

ONLY WITH RELIABLE TIGHTLY PACKAGED CONFIGURATION
REQUIRING 3 TO S m OF PAYLOAD BAY,

O

COSTS {sM)
OTV REPLACEMENT® 25
0TV LAUNCH 48
TOTAL 73
HANGAR LAUNCH 48
HANGAR COST 10
TOTAL 58

*SPACE-BASED DESIGN

Figure 5.3-2. OTV Meteorcid Protection/Hangar Cost

To date the studies of the Space Station have not produced hard requirements
for an CIV hangar. However, recognizing the possibility that regquirements may
be developed, the OTV hangar concept development:was continued.

5-12



ORIGINAL PAGE 13
OF POOR QUALITY

5.3.4 Candidate Concepts for OTV Hangar

Seven OTV hangar concepts are presented (Figure 5.3-3). The concepts may be
classified into three categories, i.e., deployable Hangars, rigid
nondeployable hangars, and deployable/erectable hangars.

The four deployabie hangar concepts, i.e., Concepts 1, 2, 3 and 7 are
discussed below.

Concept 1 is a rigid shell whicik packages from a shape which is essentially
cylindrical (8.2 m dia.) to a star shape wiich fits into the orititer bay. 4n
extendable truss which is used for ingress/egress of the 0TV is part of the

deployable shell. The stowed hangar occupies all of the orbiter payload bay.

Concept 2 is a rigid shell which consists of four half cylinders stowed in
the form of one cylinder inside another. It, too, occupies all of the orbiter
payload bay when stowed.

Concept 3 4is an inflatable shell which expands from a module which contains
the interface for docking to the Space Station, and the mechanism/structure
for OTY ingress/egrsss. There are various methods which may be used to harden
or rigidize an inflatable structure which otherwise might be too soft for a
working interface. The stowed hangar occupies approximately 1/4 of the
orbiter payload bay.

RIGID DEPLOYED - SPACE - LAUNCHED'
@ HANGAR 8.2M @ srAreN = 2 WITH OTV
e - S2) G pi =
[ RE R — - £9- o =k
- 14.4M CLOSE FITTING S
STGWED 12.2M
12.7M x 4,5M DA RIGID HANGAR N DA
'“@ "RIGID DEP,OYED
HANCAR
|
e ng.. ? - ® =
T N ne . RIGID PANELS T ‘# 2
o STOWED “, 4 sm DIA E.V.A WORK STATION L ﬁ
@ INFLATABLE HANGAR N '
__é T i
D P R PTATRERl) |- ,
S N ] STOWED VOLUME
I @ 6.2M x 4.5M DIA
N\ RIGID HAMGAR
ROTATING N'Z
WORK STATION AND —r—-=
PANEL STOWAGE < TR
— = | Y e
| SR LOPPLET stamion
6M x 4.5M DIA
RIGID DEPLOYED .
HANGA“ ——L_

Figure 5.3-3. 01V Hangar Concepts
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Concept 7 is similar to Concept 1 except that it has a doudble fold (i.e.,
longitudinal as well as lateral) which enables it to occupy only a short
length of the orbiter payload bay. (This concept is, subsequently, discussed
in greater detail.)

Concept 4 is a rigid nondeployable hangar in the shape of a clam-shell which
fits closely around the OTV. The OTV is launched in the orbiter inside the
hangar, and exits from the hangar by means of an extending truss. Normal
servicing/fveling of the OTV is performed through the aft end of the Space
Station which is docked to the OTV. Acceass to other areas of the OTV is by
doors and foot holds strategically located in the shell of the Hangar.

Concept 5 is a deployable/erectable system built out of the orbiter. A
deployable section with an interface for the Space Station is raised
incrementally by an extendable truss which also rotates about its major axis.
There is an EVA as%ronaut work station in the orbiter bay with storage for s
number of rigid panels which are attached manually to build up the hangar a
it rotates and raises.

Concept 6 4is similar to Concept 5 except that the hangar is constructed
from the Space Station inatead of from the orbiter. For both Concepts 5 and
6, it is estimated that approximately 1/3 of the orbiter bay is used for

stowage.

None of these concepts represents design that Rockwell favors. In an
additional study effort superior configurations can be developed. However, to
provide further understanding of the design problems to be encountered, three
of the foregoing concepts are discussed in further detail in the next section.
(The_drawings are provided in Volume II).

5.3.4.1 Hangar Concept 1

This concept (Figure 5.3-4) is a hard shell structure which folds laterslly
for stowage. When folded it occupies all of the orbiter payload bay. The
operational sequence is:

o Use the RMS to remove the hangar from the orbiter
o Attach to the Space Station using the docking interface

o Unfold the panels of the main structure using the actuators built into
the hangar

o The working platforms on the inside wall of the hangar may be deployed
either by springs or by actuators

The extendable/retractable astromast is used for ingress/egress of the OTV,
for which purpose it is equipped with a docking mechanism to irterface with
the OTV. Lighting puwer outlets and similar items may be built into the wall
of the hangar.
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¢ HARD STRUCTURE, NO INFLATABLES
o AUTOMATIC DEPLOYMENT .
* OCCUPIES ALL OF THE PAYLOAD BAY -

DEPLOYED

Figure 5.3-4. OTV Hangar (Concept 1)

Although the basic deployment is automatic, it is quite possible that EVA
aatronauts could profitably be used to lock the wall panels together for
increased structural integrity, to install equ@pment, spares, etc.

5.3.4.2 Hangar Concept 6

This concept (Figure 5.3~5) uses EVA astronauts to erect the hangar walls
around a deployable base. When stowed in the orbiter, approximately 6.0
meters of the payload bay is used. The stowed package consists of a

depl-y- hle base or hub and cradle. The deployable base contains a docking
ints>Twsce for the Space Station, an astromast with a docking interfacs at its
free end, deployable "umbrella type" ribs, and a hub astructure. The cradle
containg 40 geparate panels which form the main structure of the hangar, a
docking mechanigm to interface wi%n the astromast, a mechanism to dispense the
panels as required during the hangar erection, and work stations/foot
restraints, etc., suitable for EVA astronauts.

The deployment sequernce is as follows:

o Remove the two units from the orbiter using the RMS (the two units are
coupled together by the astromast and temporary fasteners) :

o Attach the hub end of the hangar to the Space Station.

o Automatically deploy the umbrella ribs.

5-15
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Figure 5.3-5. OTV Hangar (Concept 6)

- -0 EVA astronauts, begin to remove panels from the cradle and form the
hangar structure. The panels attach to the umbrella ribs to form the

end wall of the hangar. The wall panels attach to the end wall and to
each other.

o The cradle rotates on the astromast and the astromast advances as
required to enable the EVA astronauts to attach successive panels

o The cradle is removed and returmed to the orbiter (alternatively it
may remain with the Space Station and be used for logistics stowage).

There are many mefhods which may be used for joining the panels together such
as spring loaded "click-in" joints, hand-held power tools for tightening
joints, over-center locks, or gang latches.

5.3.4.3 Hangar Concept 7

This design (Figure 5.3-6) is a development of Concept 1. The difference is
the incorporation of a double-fold system (instead of a single fold) to reduce
the space occupied in the orbiter payload bay. In this version, the stowed
length is reduced from 14.4 meters to 5.6 meters with a significant cost
saving. The installation procedure is:

o Use the RMS to remove the stowed package from the orbiter

o Attach the hangar to the space station using the docking interface
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o Deploy the first fold in the same manner as described for Concept 1
o Deploy the second fold as shown in Figure 5.3-6

PAYLOAD BAY -

» HARD STRUCTURE, AN = ZIN
NO INFLATABLES , ~ < ‘

© AUTOMATIC DEPLOYMENT - o 2l

o DOUME FOLD ) 5 1
SYSTEM - v : ‘

8.56M

Figure 5.3-6. OTV Hangar (Concept 7)

The mecond fold is a series of telescoping sections of the main hangar wall.
Extension of the telescoping sections can be accomplished by a series of stem
actuators at each panel to provide a pushing action, or by the use of the
astromast (with a suitable attachment) to draw out the telescoping sections.

It is recognized that the double folding of such a large volume poses :
formidable problems, and that much investigation remains to be done before i
such a system could be rated as reasonably feasible. . g

5.4 MAJOR DESIGN ISSUES

The major design issues that have surfaced during this study applicable to
habitats and OTV hangars are listed below. The issue of OTV hangar
justification is dependent on what probability of no puncture is desired, and
the relative costs of OTV replacement versus the cost of a hangar.

Habitats

0 Means for installation of equipment in inflatable structures

o Capability and frequency of repair of inflatable inner wall due to
micrometeoroid puncture

5-17
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o Rigidity of unpressurized inflatable structures

o Inflatable materials suiltability in space environment for 10 to
20 years and compatibility with crew (non~flammability, non-toxic)

o Provision of radiation shielding for crew protection

o For hatd metallic shells, the capability to suastain pressure-
induced loads across deployable joinrs

OTV Hangars

o Requirements favoring the need for an OTV hangar have not been
developed in Rockwell Space Station studies

o Justification for the hangar as a meteoroid bumper is dependent
on the extent of design conservatism desired by NASA.

o Cost of OTV poussible replacement vs. the cost of hangar develop-
ment and launch

o Rigidity of inflateble OTV hangars relative to crew EVA imposed
loads |

5.5 POTENTIAL TECHNOLOGY DEVELOPMENT NEEDS

The potential new technology development needs that have surfaced during the
course of this study are shown below. Rockwell is aware, through much of the
design information gratuitously furnished by Goodyear Aerospaveé Corporation,
that some of these items have been addressed by Goodyear to various stages

of completion but to different requirements (in general, for smaller volum: .
reduced pressures, shorter lifetimes). The time devoted to this activity .
did not permit a screening of the applicability and status of these needs,
but this should be done in future studies,

o Habitats Utilizing Inflatables

- Assurance of no sarious propagation of meteoroid
puncture hole sizg

Repair of pressure containing wall

Micrometeoroid puncture resistance

Material suitability to srew and 10 to 20 years exposure
in space environment

Maintainence of structural rigidity despite loss of
pressure

o Habitats Using Metallic Structures
-~ None applicable at this time
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o OTV Hangars

- For inflatables—-maintenance of structural rigidity
compatible with crew-induced foot loads, equipment
attachment, space platform inertia loads

- On-orbit foam in-place techniques
5.6 CONCLUSIONS

The following major conclusions pertinent to the use of deployable volumes are
evident from the foregoing discussions:

o Application to habitats appears attractive—large useful
volumes achievable.

o Metallic structures (can be sealed) provide ample meteoroid
radiation protection and equipment mounting surfaces, but
are constrained by pressure loads/packaging requirements.

o Metallic structures may require subsequent EVA for moment-
carrying capability to withstand pressure.

o Inflatables alone are not sufficient—hard structure required
for mounting of consoles, orbiter and space station integra-
tion, heat rejection.

o Inflatables in conjunction with rigid core module provide
variety of feasible large volume designs, provided:

Materials are suiltable to crew safety/space environment

Foam micrometeoroid stopping power is comparable to existing
data

Repair of puncture or use of meteoroid bumper is feasible

Additicnal 0.24 grms/cc2 for protection to crewman eyes
is provided

o Hangar requirements are ill-defined-——OTV meteoroid protection
alone is not sufficient justification.

o Most attractive OTV hangar concept appears to be metallic

deployable/erectable or inflatable with foam core {provided
stiffness is adequate).
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