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FOREWORD

Thi+ volume describes the major achievements of Parts 1 and 2 of the study
titled "Development of Deployable Structures for Large Space Platform
Systems." An executive summary of the Part 1l and 2 study is presented in
Volume I, SSD 83-0094~1. An appendix containing the developed design drawings
and supporting stress analysis is contained in Volume III, 58D 83-0094-3.

This study was managed by Marshall Space Flight Center (MSFC) and was
performed by the Shuttle Integration and Satellite Systems Division personnel
of Rockwell International Corporation located at Downey and Seal Beach,
California. The study COR was Mr. Erich E. Engler. The atudy manager was Mr.
H. Stanley Greenberg.

The Part 1 stuay was initiated on October 16, 1981 and was completed nine
months later oo July 16, 1982. The Part 2 study was started August 6, 1982
and was completed fourteen months later on October 7, 1983,

The major contributors to this study are listed below:
o Design ~ R. Hart (Lead, Part 1)

R. Barbour (Lead, Part 2)

B. Hahr

A. Perry

J. Keech

W. Wiley

C. Lang

G. Buhler

P. Buck

T. Clegg

o Stress Analysis = G. Lesieutre
W. Batemsn

o Thermal Analysis - T. Tysor

o Materials Analysis - R. Long
C. Brownfield

0 Mass Properties - C. Griesinger
W. Morgan

o Electrical Power/Date hanagement ~ A. Gordon
o Electrical Utilities Integration =~ A. LeFever
¢ Guidance and Control - R. Olgevie

o Technology Development - A. M. Pope
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INTRODUCTION

This volume describes the major achievements of the Parts 1 and 2 study
activities related to deployable structures for large space platforms. These
activities included development of a building~block design for the automatic
construction of deployable platforms such as those shown in Figure 1, and the
development of deployable volumes for manned modules and OTV hangars identi~
fied for potential Space Station configurations.

Since the recent accomplishments of Part 2 are of greater interest to the
large space structures commuipity the Part 2 study accomplishments are pre-
sentad firast,

The prepondarance of the study effort was devoted toward the deployable
platform systems study which has culminated (Part 2) in a "fabrication ready"
detailed design of a ground test article for future development testing. This
design is representative of a prototype square-truss, single-fold building-
block degign that can construct deployable platform structures in the manner
suggested in Figure 2.

This prototype design was selected {(Part 1) through a comprehensive and
traceable selection process applied to eight competitive designs. The
selection proceas compared 'he competitive designs according to seven major
selection criteria, i.e., design versatility, cost, thermal stabilicy,
meteoroid impact susceptibility, reliability, performance predictability, and
crbiter integration suitability,

In support of the foregoing, a materials data base, and the development
needs for platform systems technology were established (Part 1),

In the deployable volumes study an erectable design of an OTV hangar was
selected (Part 2) and recommended for further design development. This desigmn
was selected from five study~developed competitive single and double~fold
designs including hard-shell and inflatable designs. Also, two deployable
manned module configurations, i.e., a hard-shell and an inflatable design were
each developed (Part 2) to the same requirements as the composite of two Space
Station baseline manned modules. For each of these deployable module designs,
atmospheric sealing suitability was of sufficient concern to offaset the
potential lauunch cost savings. Hence, no further activity was recommended
pertinent to deployable manned modules.



Figure 1. Focus Mission Platform Systems Configurations

BUILDING BLOCK
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DEPLOYMENT

Figure 2. Potential Construction Application of Building Block



l. DEPLOYABLE PLATFORM SYSTEMS

i.1 DESIGN EVOLUTION

l.1.1 Part 1 Selected Design

The Part 2 study activities were airected toward the establishment of a
detailed design of a ground test article that is representative of the Part |
selected design (Figure 1.1-1).

At this stage of development the deploymen: mec' anism was not defined but
visualized to be a reciprocating design requiring guide rails to maintain root
strength during deployment. The potential problems of such a design werc
recognized during the Part | study efforts toward constructing and deploying
the generic platforms with each of the competitive pbuilding block concepts.

The potential problem associated with the use of guide rails arises during
exteusion of a truss which has a payload or module sufficiently wide that the
guide rails cannot straddle the module (Figure 1.1-2) and, therefore, cannot
be unfolded until the truss has extended 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. While sevaral
solutions to minimize this problem were established during the Part 1 study,
the mechanism design estab’ished in Part 2 was developed to completely avoid
this protlem.

1.1.2 NASA/MSFC Requirements

The design development was also directed to satisfy the NASA/MSFC
requirements derived from the McDonnell Douglas SASP study (Reference 1),
The test article configuration was to proximate the SASP deployable structure
configuration shown in Figure 1.1-3. Further, the following additional
requirements were stipulated by NASA/MSFC.

0 Provide automatic retraction in addition to deployme~t

o Use l.4mx l.4 m truss cross section

o Provide mounting for two 3636 kg simulated payload carriers at each of
2 stations each having an attachment bolt pattern of 1.09 m x 1.31 m
(43 X 51-5 it‘..)

o Provide a design with a minimum natural frequency of 0.10 Hz

o Provide a design that can suatain a 0.24 g load factor applied at the
¢+g- of vne payload at each station.

o Provide trays in two bays to accommodate four No. 1/0 cables, two No. 8

AWG, four No. 12 AWG, twenty Ho. 22 twisted pair: shielded, and four
each coax lines,

1-1
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The requirement to mount the 3636 kg (8000 lb) simulated payload cerriers
at two sta’.ions was satisfiad by uasing the housing &s one of the bases with
the deployable truss providing the secord base. This solution is cheaper thaon
plac ‘ng both ases on the deployable tiuss and represanis the reality of
potential plattorm systems, wherein payloads or major subsystems will be
mcunted onto the housing. With the payload carziers placed as described, the
test article was then deaigned to be supported, during ground testing, by an
end adsrpter at the end opposite the main housing.

1.1.3 Major Goals and Design Philosophy

The major goals and design philosophy to be used in the development of the
test article were agreed upon betweer NASA/MSFC and Rockwell. The major goal
and design philoscphy are as follows:

Major Goal: To design the structure and mechanism to suppe°t demon-
stration of the suitability of the prototype building-block design to
automatically deploy and retract, to have predictable dynamic behavior, and
lestly ty sustain specified limit loads.

Design Philosophy: Mininum test article cost with minimal to no
compromise of the major goals dalineated sbeve.

Major Design Implications:

o Members of the t.uss and joints ece aluminum and steel (composite
designs to be developed later).

o Test article will be a representative design, but not an optimum design.

0 Near minimum weight approach to stcuctural design only when sensitive
to structural performance otherwise cost governs.

o Design for NASA/MSFC test faciiity eavirooment i.e., no provision for
in~space envirommentsl requiremeats on lubricants, materials, or
pesitioning equipment,

o Positioning system componencs are not designed for orbiter launch
survival

o Trays to be provided for future utilities integration and to
accommodate electrical lines with standard insulation and fluid bellows
(uninsulated).

The foregoing directed the test article configuration and detailed design
to that described herein nnd by the top assembly and detailed design drawings
contained in the appendix of Volume III.



1.2 SUMMARY OF TEST ARI'ICLE DESIGN

A summary of the test article design is provided herein. The test article
design is described in further detail in Section 1.3 and by the set of draw-
ings and supportive structural analysis in the app.ndix of Volume III. Figure
1.2«1 illustrates the test article configuration. The major components of
this test article are as follows:

l. The square truas (Figure 1.2-2) containing folding utilities trays-in
Bays 4 sad 5 with provisions for future installstion of power, data,
and f£luid lines.

2. A wmechanization system (Figure 1.2-3) consisting of (a) a batten
deployment/retraction jackscrew system which translates the battens
one at &4 time, (b) a diagonal latch unlocking system, and (c) a
longeron latch unleocking system,

3. A jackscrew support frame assembly that supports the cantilevered ends
of the batten deployment/retraction jackscrews /[Figure 1.2-3).

4. A positioning system to precisely control tha bay-by-bay deployment
and retraction operstions (Figure 1.2-6).

5. A precompression system to eliminate structure joint backlash (Figure
1.2-8).

6. An end adapter at the end of the truss with provisions for attachment
to a NASA/MSFC test fixture (Figure 1,2-1).

7. An aluminum skin and frame main housing (Figure 1.2-9). The housing
and payload carrier frames shown contain inserts for attachment of the
NASA/MSFC simulated payload carriers.

A brief summary of the overall design is presented to enharce an under=
standing of the individual components detailed designs.

Figure 1.2-2 illustrates the deployable truss major design features. The
deployable truss contains square battens stabilized by compression diagonal
traces. Each batten contains a half-nut at each of the four cornmers. Through
engagement with each 2f the four batten deployment/retraction jackscrews,
counterclockwise rotation of the jackscrews imparts outward linear motion to
the batten (deployment), while the opposite rotation imparts inward motion to
the batten (retraction). With the exception of the first bay, deployment or
retraction is respectively accomplished by holding the aft batten with detents
while deploying or retract.ng the forward batten. During deployment, each of
the four longerons is unfolded and each of the four telescoping diagonals .3
extended. The longerons and diagonals each have spring-activared locking pins
in latches at their center joints that, upon unlocking, provide axial and
moment structural continuity. Both designs have end rod fittings with
spherical bearings and turnbuckies for precise member length adjustment. The
afor-nentioned spring-activated pins in %he center joints must be unlocked to
permit retraction. This is accomplished with each of the diagonal and
longeron unlocking systems (Figure 1.2-4) that contain tripping devices that
rotate exterior cammed surfaces on the latch mechanisms to depress the locking
pins.
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The truss design alsc contains trays for Bays 4 and 5 onto which a
genercus complement of electrical power, data, and fluid lines can be
mounted. Specifically, space is available for six No. 1/0 cables, three No, 8
AWG, six No. 12 AWG, six coax, twenty=-eight No. 22 twisted pairs shielded, and
four 12.5 mm flexible coolant tubes. The trays are hinged from the batten
frames and fold as shown at the lower right (Figure 1.2-2). During the
Shuttle launch of a prototype design the trays would provide lateral gupport
to the folded longerons. Longitudinal support of the lorgerons is proviged by
tight packaging and appropriate end transverse beams in the adapter and main
housing.

Pigure 1,2-3 illustrates {in the deployed configuration) the major
featuyres and orientation of the test article mechanization system. For
clarity, the ten-bay truss structure is not shown. This system provides fully
controlled bay-by-bay deployment/retraction capability with maintenance of
root strength throughout all phases of deployment. The mechanisms include the
batten deployment/retraction jackscrew system, the longeron unlocking system,
and the diagonal unlocking system. The battan deployment/retraction system
(Figure 1.2-4) consists of four asemblies of guide reil, splined shaft, and
jackscrew mounted in & slide carriage. These assemblies are located at each
of the four corners of the main housing. In the first stage of deployment,
i.e., Bay 1, clockwise rotation of each of the spline shafts advances the
slide carriage and jackscrews out of the kousing into the configuration
shown. Concurrently, the jackscrew support frame assem>ly is advanced to the
configuration shown with the automatic locking of the telescoping diagonals.
A controller-driven single motor, slaved to a chain and sprocket system,
drives all four aasemblies. The longeron unlocking system (Figure l.2-4)
consiasts of four assepblies of guide rail, jackscrew, carriage, and tripping
device. These aystems are located adjacent to the individual batten
deployment/retraction assemblies. Each of the four diagonal unlocking
assemblies are the same as that of each longeron unlocking system, except for
the tripping devices, and are each located at the center of the housing
sidewalls. The longeron and diagonal unlocking assemblies are each
controller-driven by a single motor slaved to a chain and sprocket system to
drive all four assemolies.

Figure 1.2~4 further describes the deployment/retraction mechanism., The
batten deployment/retraction jackscrew shown illustrates one of the four
jackscrew assemblies. The jackscrew, carriage, and spline assemblies are
cradled within a rigid rail. A splined bushing at the aft end of the
50.8~tm-diameter jackscrew encircles a splined shaft that extends nearly the
entire length of the jackscrews, The jackscrew splines extend beyond the aft
end of the rails where a chain and sprocket are attached.

Encircling the rotating jackscrew is a carriage fitting that has external
ea“s that engage matching grooves running the length of the rails. The
carriage is pulled forward with the jackscrew, during deployment of Bay 1
(Figuve 1.2-3), until a hole in the side of the carriage is engaged by a
spring-operated pin mounted near the forward end of each rail, thereby locking
the carriage. During retraction of this final bay the pin is manually
retracted from the carriage, thus allowing the jackscrew to be retracted into
the housing.

One of the longeron and one of the diagonal unlocking assemblies is each
shown (Figure 1.2-4) in the partially deployed configuration, In the stowed
configuration the carriages are entirely within the main housing.
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The separate longeron and diagonal unlocking systems are activated only
during retraction and are respectively used to unlock the longeron and
diagonal center joint latches prior to the start of the batten retracticn.
The diagonal and longeron center joint latches are unlocked by forward motion
of the trip lever pins and tripping probes mounted on the
deployable/retractable carrirsges installed within rails and driven by the
25.4~mm~diameter jackscrew,

_ The positioning system requirements for this program are a version of |
standard motion contrcl (robotics) used in in‘ustrial machine control
applications.

Motion profiles are built up as sequenced indexes. Each index consists of
a direction, acceleration time, daceleration time, feed rate, and travel
distance. The controller calculates acceleration rates, deceleration rates,
and the position to begin deceleration. The mechanization uses encoder and
tachometer senging with overrated motors and mechanization to ensure precise
position control without overshoot in the presence of varying output loads.
The motion profiles for the test article are shown in Figure l.2-5.

The three-axis system selscted will allow totally separate positioning of
(1) the batten deployment/retraction system, (2) the lomgeron unlocking
system, and (3) the diagonal unlocking system.

The batten deploywent/retraction axis controller will use a direct-drive
dc servo motor rated ar 27 Nm (240 lb-in.) continous operation up to 225 rpm.
The motor will be driven with a standard pulse-width modulated drive.
Positioning resolution will be within 0.001 revolution which is equivalent to
a longitudinal accuracy of 0.0064 mm (0.00025 in.) on the 6.35 mm pitch
jackscrew. The deployment/retraction profile will be achieved as a series of
ten indexes entered intc a aspecific program,

The diagonal and longeron unlocking controllers will be configured with
identical hardware and software. Again, direct-drive dc servo motors will be
used rated at 3.7 Nm (33 lb-in.) continuous up to 2400 rpm. The motor
contains an integrally mountad encoder and tachometer. Each of the motors
will have its own pulse~width modulated drive and dc drive power supply.

These controllers will be to within 0.0025 revolution which is equivalent to a
longitudinal accuracy of 0.127 mm (0.0005 in.) en the 5.08 mm pitch jackscrew
to which they will be mounted. Figure 1.2-6 shows an illustration of the
typical components

Figure 1.2-7 illustrates the key discrete stages of deployment and
retraction, Starting from the stowed package (View 1) the end adapter, which
is the foward batten of Bay !, is forward of the jackscrew support frame. The
first stage of daployment positions and locks the jackscrews and the jackscrew
support frame diagonal struts, and develops (View 2) Bay 1. At this point,
the Batten 1 (Figure 1.2-1) half-nuts are engaged with the aft end of the
jeckscrew thread. The battan deployment/retraction system jackscrews are
reversed to start the deployment of Bay 2 (View 3).
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Batten 2 (Figure 1.,2-7) is held in place by spring-loaded detents until
Bay 2 is fully extended and locked, and is later overwhelmed by the jackacrew
starting the deployment of Bay 3. In this manner, each of the bays is
deployed one at a time until the fully deployed truss configuration is
achieved (View 4).

At cthis point, precompression of the longerons can be applied and removed
by manual activation of the precompression system.

In the retraction phase the longeron and diagonal unlocking carriages are
initially positioned such that each of the tripping probes .s 25.4 mm away
from the longeron and diagonal latch trip levers. The faur iiagousl and four
longeron latches in Bay 10 are tripped after ten clockwise revolutions of the
unlocking system jackscrews. after a number of miiisacouds {to b: deterained
in the future ground tests) the batten deployment/retracticn kyitem motors are
rotated clockwise until Batten 9 (Figure 1.2-1) in placad on the rail. As
each bay is retracted, the carriages on the unlocking syetems are d4dvanced to
the next unlocking position (Figure 1.2-5). This proceeds fcom Lcy 1C chiough
unlocking of Bay 1 (View 6). Upon unlocking the longerons and diagouc's of
Bay 1, the batten deployment/retraction jackscrews are vrotated counter:
clockwise 32 revolutions. The extended diagonal and longeron uniocking
systems are then retracted into the housing to peruit the final retracti>n of
Bay 1.

Figure 1.2-8 describes the major features of the precompression asystem
provided to eliminate joint backlash in both the longerons and diagonals. A
cable/bungee ayatem, with a cable pretension of 1780 N (400 1b), will apply up
to 1425 N of compression in each of the four truss longerons. This
compreasion load will, through compatible etrain, provide up to 260 N of
precompression in the disgonals.

The precompression system consists of two spring bungee assemblies mounted
on the aft end of the main housing. From either end of each bungee, threaded
rods are extended that wmate with a turmbuckle. From the opposite end of esach
turnbuckle is another threaded rod swagged to a long cable. The two from each
turnbuckle traverse laterally until they engage a pulley neer the axes of the
longerons, The cables wrap around the pulleys 90 degrees and extend forward
where they enter the longerons located at the four corners of the truss. The
cables continue forward through the longerons of all ten bays. The cables
exit the longerons of Bay 1 &nd engage another pair of fairleads mounted
within the adapter. These fairleads are canted in such a way that the cables
continue toward the geometric center of the adapter within its diagonal
braces. OSwagged balls on the cables attach to fittings whoae mounting
locations are adjustable within the adapter,

The bungees are supported on the rear of the housing by two psirs of
brackets that partially encircle the cylindrical body and still allow the body
to move along its axis as the turnbuckles are utilized to pratension the
cables to their final 1780 N load.

Figure 1.2-9 illustrates the major parts of the main housing which is a
combination welded, riveted, and bolted assembly into which all other major
assemblies are installed. A welded frame counsisting of 50.8 mm asquaie
aluminum 6061-T6 tubing has numerous skin and stringer subassemblies riveted
to it.
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Panels on the aft side of the housing are removable to provide access to
the precompression system and the three chain-and-sprocket drive systems
located near the center of the housing. Access holes along the four sides of
the housing align with the batten rstaining detents to provide adjustment
capability.

A rectangular pattern of threaded inserts is provided on the four sides of
the housing for the future attachment of the NASA/MSFC simulated payload
carrier atructures.

The foregoing describud test article design is representative of a
square~-truss, single-fold prototype building-block design from which potential
space platforms (Figure 1) or Space Station structures can be constructed,

The protoype building block has the following significant design
characteristics:

o Automatic bay-~by~bay deploymernt and/or retraction to facilitate
identification of problem (in the event this occurs)

¢ Ma.ntenance of root streagth during deployment/retraction operationas
which can permit orbiter VRCS firing (if necessary)

o Longitudinal deployment/retraction within the housing cross-section
envelope

o All inter-building-block electrical connections in olace prior to
orbiter installation

o In-space Inter-building-block structural connections made automatically
without a fixture,

o Square-shaped truse which is most suitable for inter-building-block
ttachments; mounting of payloads, docking ports, and propulsion
modules; and redundancy for meteoroid impact

o Circular tubes for all truss members which is the minimum cost
construction for graphite composite construction

o Wid: trays for mounting of A large complement of utilities with ease of
initial installation, repair, replacement during the total ground
fabrication period, aund with minimum truss structural design constraints

o Marrow trays for minimal complement of utilities with a longeron fold
angle of 40 to 45°

o Payloads and propulsion modules can be attached using the RMS
0 A precompression system to eliminate joint backlash

o Unlocking systems (for retraction) that are easily removable for
applications in which retraction is not required
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1.3 TEST A{TiCLE DESIGN

This section contains a detailed discription of each of the major sub-
assemblies that comprise the test articles major components (l.J.1), & listing
of the test articles major deviations from the prototype design (1.3.2), a
description of the tast article assembly procedure (1.3,3), and a detailed
description of the method of deployment and retraction (1.3.4).

1.3.1 Major Subassemblies Design Description .

The major subassemblies Chat comprise the major cumponents summarized in
Section 1.2 are described in further detail in thias section.

1.3.1.1 Deployable Truss

Each of the major subassemblies that comprise a bay of the deployable
truss are described as follows:

Diagonal Agsembly (Drawing 42712-110) - Figure l.3-1 illustrates tte major
design features of the djagonal sssembly. Tha outer part of this telescoping
uesign consists of, from left to right, & rod end threaded to a turnbuckle
which is threaded to a transition fitting that is blind civeted to «
50.8~me~diameter 6061~-Té aluminum tupe that is adhesive bonded to an outer
center fitting. The ualocking latch mechanism is attached to chis fitting.
The inner sliding part, from right to left, consists of an identical rod end
threaded to a transition fitting that is blind riveted to & 44.5-um~diameter
tube also adhesive bonded to an inner center f tting. The rod ends are
stainless steel, the transition fitrings CBES 304 ateel, and center fittings
(Figure 1.3-2) 6061-T6 aluminum,

Within this inner center fitting is a pair of opposing cpring-loaded
locking pins oriented 30° to the axis of the tube. These pins have blunt
points machined on them that are aligned with holes on opposite asides cf the
inner and vuter center fittings. A supring between the two pins exerts a
separating force on them. In all but the extended position, the pina are
prenibited from protruding outside the inner tube because of the encircling
wall of the outer tube, Duriag truss deployment, the two tubes are extending
with the spring loaded pins of tha inner tube pressing on the inner wall of
the outer tube, At within 6 mm of compl.:2 diagonal extension the spring-load
pins come .nto axial alignment with the two opposing holes in the outer tube.
The spring forces the pins into the matching holes of the outer tube, thus
locking the two tubes in that position. The longitudinal force provided by
the pair of springs is 82.8 N. This operation is automatic and occurs in each
of the four diagonals of each bay.

The two shear pins provide the axial load path between the inner and outer
center fitting. The pins also provide capability to sustain bending moments
acting in a plane containing the axis of the pins. A bending moment acting in
a plane perpendicular to the axis of the pins is sustained by bearing between
the inner and outer fittings at the stations reinforced by rings (Figure
1.3~2). The tolerances between the mating diameters of the two fittings have
been limited for this reason (Section 1.5). Thke diagonals will be fabricated
to the dimensiongl length tolerances shown on the drawings. Upon final
assembly, as described in Section 1.3-3, the diagonals will be adjusted to the
length compatible with trouble-free deployment and retraction by micro-
adjustment of the turcbuckle provided.

I=15



ORIGINAL PAGE 18
OF POOR QUALITY

| 1,79 m (TYPICAL BAY)- |
5/8 (n,-18
STEEL TURMBUCKLE . 44.% =m 0,0, TUM
OtE 2 ‘E
54.8 om 0.0. TuBE
3/8 18.-24 DIA

7.94 sm DIA HOLE
SPHERICAL STEEL ROD END (2}
SEARING (2)

Figure l.3-1. Telescoping Dliagonal Joint

- 17— INNER TUBE
42,5 me DIA
— /: 2.1 mm WALL
i 4

' = i

( I 2
OUTER TUBE .
50.8 mm o{: 1
2.1 v WA

UNLOCKING CAM
12,7 vm DIA CRES
?:: swusmu RETURN SPRING e oin o
Y

LATCH UNLOCKING

UNLOCKING
LEVER (NEAR SIDE OMLY)

{2)

ih\‘.\.\’m.h\,‘h 4
i \H‘A‘u“‘a‘l\' P ‘~

":\‘I‘V??
flur.'!
i
1.7 mm
AN " o © 73 PH WIRE
£POXY ADHESIVE JOINT
{RO0M TEMPERATURE) SECTION A-A

Figure 1.3-2. Telescoping Diagonal Center Joint



T vEeE

For the retraction operation, an external cam lever is provided (Figure
1.3-2) and is actuated by the diagonal unlocking trip lever pin as follows:
The trip lever pin on the carriage is extended by the jackscrew until it
contacts and causes the disgonal's external cam laver to rotate. The rotating
lever causes the cam to partially depress the protruding spring-loaded pins.
Subsequently, the batten jackscrew begins moving the batten toward che
housing. This motion induces bearing on the pin holes of tha outer tube which
completely compressas the tapered pins inside the center fitting. Continued
batten retraction permits total telescoping of the diagonal. In the stoweqd
configuration the diagonal nests between the batten assembly mambers (Figure
1.2"2).

Longeron Assembly (I'rawing 42712-120) - Figure 1.3-3 illustrates the major
design features of the longeron assembly. Each longeron is comprised of two
identical halves {(except for provisions for attachment of the latching
mechanism}. Each half conaists of a rod end (identical to thar provided in
the diagonal assembly) threaded to a turnbuckle which is threaded to a CRES
304 trausition section which is blind riveted to the 50.8 mm (2 in.) diameter
6061-T6 tuhes which are blind riveted to a 2024 aluminum center fitting
(Figure 1l.3-4), The center fitting on each half, in conjunction with the side
plates, cumprise the center hinge mechanism required to fold the longerons to
the configuration shown in Figures 1.2-2 and 1.3-5. This design was developed
to prevent the increase and subsequent decrease in longeron length that occur
in an ovar-center latch pivot design at the stage of deployment shown in
Figure 1.3~6. The added complications to the aforementicned diagonal
telescoping tube locking and the positinning system motion profile would be
prehibitiva.

Longeron axial loads are transferred from the left center fitting to the
pivot pin into the pair of side plates and then into the right center fitting
through the pivot pin. Bending moments acting in a plane perpendicular to the
planes of the the side plates are similarly transferred across the joints.
Bending moments acting in the plane of the side plutes are transferred by
bearing in the pivot pins and the 9.5 mm (3/8 in.) diameter locking pina.
Shear stiffiness in the plane perpendicular to the side plates is provided by
the web showu in Figure l,3-4.

Two sector gears are installed on either side of the hinge o eliminate
the instability of the four pivot puints of the longeron during deplosyment.
These sector gears anchor the two pivots of the longeron halves together
causing them to rotate in a singuler controlled manner. The result is to make
the two pivots act as one hinge on the center line of the longeron.

Locking of the longeron in the fully deployed position is accomplished by
a pair of spring-loaded pins (similar to those in the diagonal) in the fold
mechanism. The aforementioned side plates extend beyond their pivot pins a
short distance and provice a pair of holee that are aligned to receive the
spring-loaded pina when the two rotating arms arrive at their fully deployed
position. The engaging pins and pivot pins lock each half of the longeron to
the side plates and, since the plates ars continuous across the hinges, the
hinge becomes rigid in the fully exteuded position.
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Like the diagonal struts, there is « taper on the end of the spring-loaded
pins that assists in the final degrees of longeron deployment. This is
accomplished by the points of the tapered pins eangaging the edge of the holes
in the side plates with the resulting camming action forcing the two arms of
the longerons into their fina! deployed position.

After the spring~loaded pins have fully engaged their respective holes in
the side plates, their aforementioned conical ends extend outside the plates.
To unlock the longeron and allow it ro fold into its retracted pocition, a
pivot hole is added to the side plates. A rotating shaft is inserted through
the pivot hole and a cam plate is installed on each end of the shaft. The
cams are located so as to depress the extended cones of the spring~loaded
locking pins in a manner similar to the aforementioned diagonal., A lever arm
is added to one of the cams. A probe extending from the carriage of the
longeron retraction jackscrew assembly engages thie lever and rotates it
enough to unlock the latch by causing the cams to depress the spring-loaded
pins (Figure l.3-5) and also exerts a side force on the hinge that causes the
hinge to fold off '"dead center™ as the outboard batten is retracted by the
bitten jackascrew assembly. As the batten continues to move toward the
housing, the longeron folds at an angle of 35° inboard from the plane of the
truss. This out-of~plane fold angle provides clearance for the telescoping
dizgonal struts to be stowed slong side the batten wmembers.

Upon final assembly (Section 1.3.3) each of the longeron halves will be
micro-adjusted to the lensgths compatible with trouble-free operation by the
turabuckles located at si"her end. Dual turnbuckles are necessary s¢ the
folding hinge is always located at the center of the longeron to prohibit
binding during the fold sequence. The turnbuckle shown, compared to
conventional turnbuckle designs, provides a more direct load path and, because
of the reduced length, results in a stiffer member for column applicat:ions.

Typical Batten Assembly (Drawing 42712-190) - Figure 1.3-7 illustrates the
major design features of the t;pical batten assembly that, in conjunction with
four longerons and four diagonals, comprise a typical bay of the deployable
truss (Figure 1.2-2). This batten assembly is not to be confused with the
payload carrier batten assembly (Drawing 42712-220).

The batten is comprised of four 35 mm (1-3/8 in.) diameter 6061-T6 tubes
that define the truss square frame, stabilized by a compression-carrying
diagonal brace of the same size and material. The brace contains tapered end
fittings to preclude interference with the stowed longerons. The four frame
members are joined together by blind riveting to the four corner fittings
shown. The corner fittings contain integral clevises for attachment of the
diagonal and longron rod ends, and the threaded half-nuts that engage the
batten deployment/retraction system jackscrews. The corner fittings also
provide gussets for mechanical fastening of the diagonal brace. Each of the
corner fittings contains a pair of pockets into which ball detents, mounted in
the deployment/retraction system rails, enter to retain the stowed batten.
The corner fittings also contain openings, through which the precompression
system tension cables are routed.

The batten corner fitting clevises (for the rod ends of the diagonal and
longeron members) contain shoulders on the inner surfaces to minimize the
axial rotation of the members to + 1.5°. This restriction is necessary te
preclude the possibility of the latch release levers rotating out of the plane
of their respective tripping probes mounted on the diagomal and longeron
unlocking system carriages.
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The half-nut corner fittings are coated with teflon (TFE) to reduce
friction while in contact with the rotati.; jackscrews during deployment and
retraction,

Payload Carrier Batten Assembly (Drawing 42712-220) - The payload carrier
batten assembly overall configuration and design feat .res are shown in Figure

1.3-8. There are two of these battens onto which the NASA/MSFC simulated
payload carriers will be mounted. The 1/2-20 threaded inserts provided 1.31 m
(51.5 in.) apart along the batten and 1.09 m (43.0 in.) apart between the pair
of battens are the attackment interface for the simulated payload carrizrs,
This attachment interface is provided on each of the four batten faces.

This batten is designed to locally support installation of a 3636 kg
(8000 1b) simulated payload carrier, for mcdal survey tests, without
detrimental deformatiorn provided the fraume itself is supported by a pair of
vertical tension cables attached at the bottom of the frame or at points "A"
and "B" (Figure 1.3-8). Therefore, the batten is comprised of 50.8 mm 6061-T6
square tube members. Further, the square tubing can permit future
installation of electrical feedthrough plates.

The corner fittings are configured to accommodate blind riveting for
attachment of the square tubes and to provide threaded inserts for
installation of the payioad carriers. It also provides clevises with
rotatiou-limiting features for the longeroms and diagonals, pockets for the
ball detents, threaded half-nuts, and holes for the routing of the
precompression system tension cables.

Like the corner fittings onm the regular battens, the half-nuts are also
coated with teflon.

Utilities Support Trays (Drawing 42712-230) - The deployable truss design
includes utilities support trays. For this ground test article the utilities
trays are provided in only Bays 4 and 5. The trays provide support for the
required complement of four No. 1/0 cables, two No. B AWG, four No. 12 AWG,
four coax, twenty No. 22 twisted pairs shielded, and four 12.5 mm flexible
coolant tubes. There is additional space available for two No. 1/0 cables,
one No. 8 AWG, two No. 12 AWG, two coax, and eight No. 22 twisted pairs
shielded.

The tray assembly in each bay consists of two half-trays hinged to each
other at the tray edges in the center of the bay. Each tray half attaches to
hinge fittings mounted on the batten tube frame.

Eech half-tray assembly has a machined aluminum base containing the four
hinge points, tray sides and stiffeners. Three epoxy glass block clamp sets
and a wachined aluminum cover are bolted to the base. The block clamp 8. t8
provide support of the utilities and ample separation of power and data
lines. The base and cover contain cutouts to reduce weight.

One half-tray assembly base in each bay has provisions for four bolt-on
longeron supports., These supports provide lateral stability for the longercns
in their stowed position and have capture gvides that assist the longeron
during retraction.
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Whan atowed, each utility tray will nest between the diagonal braces of
adjacent battens, Each tray base has two pads that can transmit longitudinal
support from the folded tray to the adjacent tray. For & truss containing
trays throughout, the longitudinal loed can be transferred to the support
beams provided in the main housing and adapter.

The length of the utility tray assembly is slightly longer than the
distance betwean adjacent batten hinges so that the trays center hinges will
be approximately 50 mm (2 in.) above the batten hinge centerline when .
deployed. This is to prevent a locking condition on retraction.

1.3.1.2 Deployment/Retraction Mechanism

Each of the major subassemblies that comprise the deployment/retraction
mechanism is described as follows:

Batten Deployment/Retraction System (Drawing 42712-130) - Figure 1.3-§
illustrates the major design features of one of the four batten deployment/
retraction system assemblies., Each assembly consists of a jackscrew,
carriage, and spline assembly cradied within a rigid rail that is attached to
a pair of main housing frames. The jackscrew threads and rails match similar
features on the half-nutes of the batten and carrier assemblies (Figure
1.3-10). A splined bushing at the aft end of the jackscrew encircles a
splined shaft that runs nearly the gncire length of the jackscrew. The
jackscrew spline extends beyond the aft end of the rail where a chain and
sprocket is attached. One of the four spline shafts is coupled to a drive
motor mounted on the aft end of the housing. A chain encircling the four
sprockets drives all of the jackscrews simultaneously., (Figure 1.2-4)

Encircling the rotating jackscrew is a carriage fitting with external ears
that engage matching grooves running the length of the rails. The carriage is
pulled forward with the jackscrew, during deployment of the first bay, until a
hole in the side of the carriage engages a spring~operated pin (Figure 1.3-10)
mounted near the forward end of each rail. During jackscrew retraction, the
spring-loaded pin is manually retracted from the carriage, thus allowing the
carriage and jackscrew to be subsequently retracted into the housing.

4t the cantilevered forward end of the spline is attached a sleeve whose
outside diameter is slightly smalier than the inside diameter of the
jackscrew, The purpose of this sleeve is to maintain concentricity of the
splined shaft with the jackscrew.

At the forward end of the jackscrew (Figure 1.3-9) a probe is provided
that supports the jackscrew support frame and the end adapter in the retracted
position. The jackscrew support frame is attached by a plate on the frame
engaging an annular groove in the probe. The end adapter is retained on the
probe by an adjustable spring-loaded ball detent in each probe engaging a
matching groove within each of the four drogues located at the corners of the
adapter.

At eight places along each rail are adjustable spring~loaded detents that
are utilized to offer resistance to deployment of battens stowed along with
the rails while a bay is being formed along the extended jackscrews. Once the
bay is formed by fully extending the longeron and diagonal struts, sufficient
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force can be exerted on the restrained batten by the jackscrew to overwhelm
the resistance of the detents and, thereby, deploy the batten. The same
procedure is repeated for deploymant of each bay until the entire truss is
deployed.

Attached approximately midway to the raila are truss attachment fittings
that iaterface with the aft ends of the longeron and diagonal struts that
comprise the last bay. These anchor fittings replace a batten that is
normally used elsewhere in the truss. When the truss is completely deployed
the fittings transfer longeron and diagonal loads to the rails, and to the
housing through the rail attachment to the housing. This frame is adjacent to
the fittings and is stiffened by the shear web shown in Figure 1.2-9.

Longeroy; and Diagonal Unlocking Assembly (Drawing 42712~-140) - Figure
1.3-11 illustrates the major design features of the longeron and diagonal
unlocking assemblies. The figure at the upper left represents the partially
deployed configuration. The diagonal unlocking assembly is identical except
for the difference in the tripping device.

There are four iongeron unlocking assemblies {one for each of the four
longerons) and four diagonal unlocking assemblies (one for each of the four
diagonals,. These assemblies are located as shown on Figure l.2-3

Each of these eight assemblies consists of a 6061-T6 guide rail, 25.4 mm
(1 in.) diameter 304 CRES steel jackscrew, 6061-T6 carriage, and appropriate
latch tripping device. The jackscrew has an ACME thread with a 5.08 mm pitch
(0.20 in.). The guide rail is fastened through adjustable shims ro the main
housing frames. Sprockets mounted on the aft-extended end of the threaded
carriage rods avre interconnected by a chain encircling the sprockets. A drive
motor is attached to one of the extended threaded carriage rods, and the
interconnecting chain drives the three remaining assemblies within exch
system, (Figure l.2-4).

The separate longeron and diagomal unlocking systems are activated only
during retraction and are respectively used to unlock the longercn and
diagonal center joint latches just prior to the start of the batten
retraction, The diagonal and longeron center joint latches are unlocked by
forward motion of the trip lever pins and tripping probes mounted on the
deployable/retractable carriages installed within rails and driven by the
jackscrews. This i1s accomplished as follows:

At the center of each telescoping diagomal strut and folding longeron are
internal spring~loaded ping that automatically lock each strut in its fully
extended positior In this locked position, tapered ends of the spring-loaded
pins are extended through the walls of the struts beyond their exterior
surfaces. Lever operated cams, mounted on the exterior of the members depress
the apring loaded pins, thus unlocking the struts and thereby permitting them
to be folded or telecoped to the etowed position,

A motor controller is programmed to rotate each carriage jackscrew,
thereby extending probes, {(mounted on the forward ends of each carriage)
enough to engage the cam levers on eachi atrui and to cause them to rotate
until the cams depress the spring-loaded pins within the members. The
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forward batten of that bay can then be moved toward the main housing, causing
the diagonala to compress and the longerons to fold into their fully-stowed
position., Because the stowed thickness of a typical bay is 10l.6 mm (four
inches), the carriage must be advanced this distance to center the carriage
trip probe with the lever cam latches in the subsequent bay. After the
latches of the final bay are tripped, the motor controller is programmed to
retract the extended carriages back into the housing to permit subsequent
retraction of the jack-crew support frame and the truss end adapter.

At first glance one would think that the mechanization of a tripping
system for the diagonals would be identical to one of the longerons because
they both simply rotate levers on the respective latches. A closer analysis
of the two systems kinematics reveals the initial rotation of the latch laver
depreases the locking pins of the latches. In the case of the diagonals, once
the pins are retracted, the extended bay batten can be retracted into the
housing. This action causes the telescoping diagonals to shorten. Iu the
case of the longerons, however, just retracting the locking pins will not
necessarily allow the longeron to fold. A friction lock could still inhibit
the longeron from folding. An additional force perpendicular to the axis of
the longeron pivots is required to displace the pivot off-center simul-
taneouzly with the retraction of the extended bay batten. Thus it can be seen
that a single unlocking system to perform all these functions was not
appropriate.

1.3.1.3 Jackscrew Support Frame Assembly (Drawing 42712-170)

Figure 1.3-12 illustrates the major features of the jackscrew support
frame gasembly. This assembly, consisting of four telescoping diagonals and a
frame, provides a "deep truss" stiffness to the cantilevered enda of the four
batten deployment/retraction system jackscrews during all operations excepting
the deployment/retraction of Bay 1! (Figure 1.2-3). During deployment/
retraction of this bay the four jackscrews and frame behave as a Vierendeel
truss. This is expected to be adequate during the initial stages of deploy-
ment of the truss since the length is small; hence, on~orbit moments and
stiffness requirements should be minimal. 7The frame itself also minimizes any
relative lateral separation between the jackscrews compatible with maintaining
thread engagement.

The assembly consists of the support frame (View A-A) and four telescoping
diagonals. The diagonals are identical to the typical diagonals in the
deployable square truss except for length. The ends of the diagonals are
attached to clevis fittings on the main housing forward frame and to the frame
as shown in detail "A",

The frame is comprised of four 6063-T52 rectangular tubes riveted together
through the fittings shown on Details "A'" and "B". The dog=legs in the
fittings are required to permit clearance during the traverse of the
deployable truss longeron latch mechanisms and the batten cornmer fittings
half-nuts. The dog~leg and requirements of compact stowage directed the
degign to have offsets between the jackscrew, diagonal, and frame member
centerlines. This has been accounted for in the design (Volume III).

1-26



Oriuiist page 9
OF POOR QuaLITY

M0, 35 (9.5) mm PITCH)

LONGERON CRES CHAIN ""—""9“9'5 -
CKIN 1 1.5 ACME -4G THREAD
:gcﬂmi sg 106.17 wm P.0. CRES a i JACKSCREW
(AS SHOWN) 25.4 wm OIA JACKSCREW; 6081 AL
CRES STEEL
CARRIAGE .-
(1,24 w LoNG) s N 0775 -
o~ A
RAIL 6081
M
LONGERON LATCH A-A
RELEASE PROAE .
FAIRLEAD FOR JACKSCREM SUPPORT
r—-%o‘"’;fu“:ﬁ"’ : i ’-—Q ATTACHMENT
TO HOUSING

J o
(=== ..
TEYa wad . - o N 1] A F oy A ke B o 3 L) » * LR R XN ) N
I 1.57 m .J

UNLOCKING MECHANISM STOWED

MOTE = DIAGONAL UNLOCKING
MECHANISM IS ESSENTIALLY
THE SAME EXCEPT FOR
LATCH RELEASE & ATTACHMENT

Figure 1.3-]1. Longeron/Piagonal Unlocking Mechanisms

ST mm DIA TELESCOPING
OIAGONALS {AUTOMATIC
LOCKING/MANUAL UNLOCKING)

JACKSCREW
REYAINER

JACK.SCEIV
FERRUL
JACKSCAEW

SUPPORT FRAME

4-6,4 mm DIA
8LIND AL
RIVETS (TYP)

\sosa-rsz

51l mm X 76 mm

1.57 m RECTANGULAR TUBE - E Qs
3.2 mn WALL DIAGONAL
jp S ) S g IV
VIEW A-A DETAIL A

Figure ].3-12. Jackscrew Support Frame

1-27



s g

l.3.1.4 Positioning System Design

During the early part of this study Rockwell obtained the assistance of
PMI Motors (Division of Kollmorgen Corporation) to determine the positioning
system design characteristics. The resulting design is documented in
Refevence 10. At the conclusion of this etudy, PMI Motors deferred the
positioning system responsibility to the Kiowa Corporation. The following
positioning system description has been provided by the Kiowa Corporation.

The positioning system requirements for this program are a version of a
standard motion control (robotics) used in industrial machine control
applications.

Motion profiles are built up as sequenced indexes. Each index consists of
a direction, acceleration time, decelerction time, feed rate, and travel
distance. The controller calculates acceleration rates, deceleration rates,
and the position to begin deceleration., The mechanization uses encoder and
tachometer sensing with overrated motors and mechanization to ensure precise
position control without cvershoot in the presence of varying output loads.
The motion profiles for the test article are shown in Figure 1,2-5.

The three-axis system selected will allow totally ésparate positioning of
(1) the batten deployment/retraction system, (2) the longeron unlocking
system, and (3) the diagonal unlocking system.

In addition, the system includes a programmable output option that allows
the batten deployment axis to sequence the longaron and diagonal unlocking
axes. The system consists of a standard main frame chassis with three’
standard motor control modules, position feedback modules, and digital input/
output modules. In addition, three machine logic aimulators are included for
all motion fuctions on any axis; for example, jog, run, hold, and high or low
speed.

The batten deployment/retraction axis controller will use a direct-drive
dc servo motor rated at 27 NMm (240 1lb-in.) continuous operation up to 225
rpm. The motor will be driven with a standard pulse-width modulated drive.
Pogitioning resolution will be to within 0.001 revolution which is wquivalent
to a longitudinal accuracy of 0.0064 mm (0.00025 in.) on the 6.35 mm pitch
jackscrew. The deployment/retraction profile will be achieved as a scries of
ten indexes entered into a specific program.

The diagonel and longeron unlocking coantrollers will be configured with
identical hardware and software. Again, direct-drive dc servo motors will be
used rated at 3.7 Nm (33 ib~in.) continuous up to 2400 rpm. The motor
coutains an integrally mounted encoder and tachometer. Each of the motors
will have its own pulse-width modulated drive and dc drive power supply.

These controllers will be to within 0.0025 vevolution which is equivalent to a
longitudinal accuracy of 0.0127 wm (0.0005 in.) on the 5.08 mm pitch jackscrew
to which they will be mounted.



The controller is an Intel-8085 based eight~bit microcomputer with 2K of
rendon access memory (RAM), 16K of eraseable programmable read-only memory
(EPROM), and 1K of electrically alterable read-only memory (EAROM), For
extended programming capability, the EAROM may be expanded to 5K, EAROM is
nonvolatile, having at least ten years of storage life for the user input
paramelers. Operating system software integral with the controller simplifies
the task of user programming. The configuration is arranged through a
prompting routine displayed from an alphanumeric display requiring simple
comnand input from a keyboard.

Interfece between the countroller, motors, and sensor feedback is done
through 24 input/output lines defined for specific functions,

All of the hardware, except the motors, the remote programming panel and
cabling will be mounted in a standard 914 mm by 914 mm by 305 mm enclosure.

Figure 1.2-6 shows an illustration of typical components, and Figures
1.3-13 and -14 show they key dimensions for tha selected mntors.

1.3.1.5 Precompression System Assembly {(Drawing 42712~150)

Figure 1.3-15 illustrates the major design features of the precompression
system provided to eliminate the aslop in the 280 pivots of the ten-bay
deployable cruss.

The system consists of a pair of spring bungee assemblies mounted on the
aft end of the main housing., From either end of each bungee threaded rcds are
extended that mate with a turnbuckle. From the opposite end of each
turnbuckle is another threadad rod swagged tc a long cable. The two 3.2 mm
(1/8 in.) diameter wire rope (7 x 19 strands) from each turnbuckle traverse
laterally until they engage a pulley aligned with the axes of the longerons.
The cables wrap around the pulleys 90 degrees and extend forward where they
enter the longerons located at the Zour corners of the truss., The cables
continue forward through the longerons of all ten bays. The cables exit the
longerons »f Bay 1 and engage fairleads mounted within the adapter. These
fairleads are canted in such a way that the cables continue toward the
geometric center of the adapter within its diagonal braces. About midway to
the center of the adapter, swagged balls on the cables attach to fittings
whose mounting locations are adjustable within the adapter.

The bungees are supported on the rear of the housing by two pairs of
bracke. (Figure 1.3-15) that partially encircle the cylindrical bodies
(6061~-T ) and still allow the body to move along its axis as the turmbuckles
are uti zed to pretension the cables to their final 1780 N load.

The cable pretension is accomplished by utilizing a GSE tool (described onm
the drawings) as follows. Slots located in each leg of the tool's yoke that
straddle the turnbuckles are engaged with the flats on the cable terminal and
the rods extending from either side of the bungee into the turnbuckles. A
25.4 mm crescent wrench is simultaneously engaged with the center of the
turnbuckle to turn it to shorten the effective length of the cable and
thereby, compress the spring within the bungee. The same procedure is applied
to the other turnbuckle to totally foreshorten each cable 101l.6 mm (4 in.)},
for a total cable pratension of 1780 N (400 lb).
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The bungee utilizes a 79.4 mm (3-1/8 in.) C.D. compression apring
fabricated from 8.7 mm (.343 in,) diameter 17-7 4 wire. The compression
spring is stabilized by the inner wall of the bungee cylinder body. The
spring is designed to provide a spring constant of 87.5 N/em (50 lb/in.} to
minimize pretension cable load fluctuations that could occur in & space
article, Figure 1,3-16 illustrates the routing of the tension cables between
adjacent longerons through the batten corner fitting guide openings, and the
routing through the longeron rod end trensition flttings past tl.e center joint
mechanism. The openings prrvide adequate clearance for bending of the cable,
to permissibie bend radii, during folding of the structure. The openings at
the longeron center joints also permit bending to sdequate radii and confine
cable excursions to an acceptahle envelope.

1.3.1.6¢ End Adapter Assembly {(Drawing 42712-180)

Figure 1.3-17 illustrates the major design features of the end adapter
which is the forward batten for the first bay and has provisions for
attachment to a NASA/MSFC test fixture for stiffness, mocdal survey, and limit
load strength testing (Figure 1.3-18), The end adapter alsc is the mounting
for the swagged balls on the four tension cables af the precompression
system. Representative of future flight article needa, during orbiter launch,
the diagonals stabilize the main housings forward frame and vertical beams
provide rigid longitudinal support for the folded longerons and trays.

The end adapters square configuration is constructed from four 50.8 x 76.2
mm (2 x 3 in.) 6061-T6 rectangular tubes mechanically fastened together by
corner jackscrew drogue fittings (View 4-A). The drogue is shaped to capture
the ball detents mounted on the end of the batten deployment/ refraction
jackscrew probes. The corner fittings provide the clevis fittings to receive
the rod ends of the diagonals and longerons. The corner fittings also contain
two inserts shown (Figure 1.3=17 = right view) for attachment of eight
brackets that are mounted to the outside face of the main housing forward
frame. The forward face of this corner fitting (View B-B) each contains
threaded inserts for sttachment to the NASA/MSFC test fixture. The inserts
are centered on the projected longeron axis.

A pair of back~to-back 76.2 mm (3 in.) deep extruded channel sections are
provided for each of the adapter diagonals. The spacing between the channels
is used for routing the precompression system tension cables, and provisions
for the adjustable fittings to which the swagged end of the cables are
attached. Each end or the diagonals are attached to the corner fittings by a
pair of shear clips and a pair of gussets as shown in Figure 1.3-17. The same
type of structural attachment is provided at the diagonal crossings at the
vertical beams, and at the inersectium of the diagonals.

The square tube 6061-T4 beams are attached to the adapter square frame
with shear clips and gussets.

1.3.1.7 Main Housing Assembly (Drawing 42712-160)
The main housing structure, Figure 1.3-19, is a combination welded,

riveted and bolted assembly into which all other major asseumblies are
installed.
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A weld assembly of three frames and connecting stringers form the housing
framing structure. The frames are made of 50.8 mm (2 in.) square, 6061-T6
aluminum tubing. The corners are braced with a 9.5 mm (.375 in.) thick
6061~T6 gluminum gusaets welded in place. The forward and center frames
provide the mounting for the rails of the four batten jackscrew assemblies,
and the four diagonal unlocking end four longeron unlocking assemblies, Two
insert mounts welded in each exterral frame side provide the 1/2=-20 threaded
insert pattern for payload carrier mounting, The center frame has two 76,2 mm
(3 in.) square tube 6061~T4 aluminum members to accept longeron and utility
tray longitudinal loads when stowed. The center frame alsc has a mounting
atructure for the precompression system. The aft frame provides mounting
structure for the three drive motors and three chain drive idlers.

The center frame is closed out with two 2.3 mm (.090 in.) thick 6061-T6
aluminum sheets riveted in place. The sides of the main housing and aft drive
motor frame are covered with 2.3 mm thick 6061-T6 aluminum skin panels that
are bolted in place. All large skin panels have 44,5 x 44.5 x 3.2 mm 6061-TH
aluminum angle stiffners spot-welded in place to provide 4 minimum modal
frequency no less than 10 Hz (Volume III). Access holes are provided in the
gskin for batten detent adjustment and jackscr.. carriage release.

The 1/2-20 threaded insert pattern on each side of the main frames are
also used for accepting eye bolts to attach support structures during ground
handling and deployment/retraction operations. The forward inserts are used
to secure the adapter to the housing during shipping.

1.3.1.8 Corrosion Protection

Cnrrosion protection on all components is in accordance with the standard
industry practice, i.e., anodize for aluminum, cad plating for low carbon
steel parts, TFE and dri lube for sliding and rotating surfaces.
1.3.1.9 Dimensional Accuracy

Dimensional accuracies with regard to detail fsbrication are in aceccordance
with specification ANSl Y14.5~1973, In additicn, adjustments have been

designed into minor and major assemblies via turnbuckles and shims.

1.,3.2 Ground Test Article Deviations from Prototype

The ground test article design is "fabrication ready" and, hence, clearly
defined. The prototype building~block design that is represented by the
ground test article has not been designed in detail, and is not as clearly
understood. However, to aid reviewers interested in future space applications
the known ground test article deviations from the protype design are
delineated as follows:

o Adapter—-to-Housing Retention Mechanism - The test article is presently
gecured in the stowed position by four S-fittings connecting the end
adapter to the main housing forward frame. Unlocking is done manually
by removil of the four fittings. A prototype design will require
substitution of a remotely controlled latch system.

1-35



2

Batten Jackscrew Carriage Locking Pine Assembly - Prior to retraction
of Bay 1, the current design requiras manual release of each of the
four batten deployment/recraction jackscrew carriages locking
assemblies. In the prototype design a remote motorized system is
required.

Jackscrew Support Frame Diagonal Unlocking ~ Prior to retraction of Bay
1 the tost article requires manual release of each of the four tele-

scoping dhagonal latches that position and support the jackscrew
support frame assembly. For the prototype design a remotely operated
uniocking system will be required.

Positioning System Motors, Tachometers, Encoders - The test article
servo motors, encoders, and tachometers are heavy-duty commercial
designs. The prototype design will require flight-qualified designs,
i.e, thermal, vacuum, radiation, Shuttle launch.

Precompression System Cable Tens;onlgg - The test article tension is
applied/removed manually with GSE wrenches. For the prototype design
the tension will be applied/removed by a remotely controlled motor.

Motor Redundancy ~ The test article contains no redundancy. For the
prototype, redundancy is required for all the motorized components.

Deployable Curtain - Reliable deployment/retraction ocperations on-orbit
may require & curtain around the four open fuces of Bay 1 (Figure
1.2=3) The curtain can minimize fluctuation in the temperatures of the
batten deployment/retraction jackscrews and in the longerons and
diagonals during deployment, and with time permitting, during
retraction. The curtain can be foldable in the game manner as that
shown in Figure 2.1-7 for the Concept 4 OTV hangar. The need for a
curtain depends oun the range of temperatures that would occur in the
affected members during deployment without it. The desirability of a
coarser ACME thread in the jackscrew which would provide an increased
tolerance for thermal induced length changes is also dependent on
thermal analysis results (Sectien 1.5.2.5).

Depending on the particular future system~imposed requirements, the
following design modifications may be necessary for a prototype design.

Main Housing and End Adapters — The ground test article design may be
modified £3:* the unique end attachment applicaticns, and stowage in the
orbiter.

Mass Critical Designs - A mass critical design would requxre modifi-
cations such as reduced housing skin gauges, more extensive machining
of the batten deployment/retraction rails, and reduced gauges on the
longerons, diagonals, battens, jackscrew support frames, and end
adapter.

Stringent Figure Control Design ~ Stringent dimensional stability
requirements may require the use of low coefficient of thermal
expansion (CTE) longeroms, diagonals, and battens. Such a design in
conjunction with an invar deployment/retraction jackscrew and a low CTE
main housing would preclude the need for a curtain or the concerns of
Section 1,.5.2.5.
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Finally, thermal coatings may be required on all non~rubbing surfaces of
the trusas structure.

1,3.3 Assembly Description

The assembly of the ground test article (Figure 1.3~20) is to be
accomplished in the following manner:

1. Support the completed main housing assembly and orient as shown on .

' Figure 1.3-21 and remove the aft skinse. The aft face of the housing is
to be approximately 1.5 m above the floor. (There are 16 handling lugs
that will screw into the housing payload/carrier attachment inserts.)

2. Install the four batten deployment/retraction jackscrew assemblies and
position (with shims) to satisfy the dimensional requirements shown on
the top assembly drawing.

3. Install the four lorgeron and four diagonal unlocking jackacrew
assemblies and position (with shims) to satisfy dimensional require-
ments shown on the top assembly drawing.

4, Install the jackscrew support frame assembly such that the underside of
the frame rests on the housing and attach the four telescoped diagonals
to the clevices on the housing and frame. This represents the stowed
condition of the jackscrew support frame assembly.

5. Manually extend together the jackscrew support frame assembly and four
batten deployment/retryction jackscrews and carriage to the deployed
configuration shown on the top assembly drawing. Secure the four
carriages to the housing by installing the four carriage locking pinms
through each rail into each carriage. Adjust the turnbuckle on each of
the four diagonal tubes to the required dimensions shown on the top
assembly to achieve squareness on all planes.

6. Support (as required) the jackacrew support frams assembly to permit
removal of the four carriage locking pins and remove the assembly
together with the jackscrews, splined shafts and carriages. During
removal, protect flexible parts with wood bracing or equivalent.

7. Install the seven typical battens and two payload carrier support
battens in the proper sequence into the housing, one on top of the
other. (Batten 9 is supported by the four clevis fittings attached to
the battun deployment/retraction jackscrew rails.} Partially lower the
assembly removed in Item 6 into place until the aft ends of the four
batten deployment/retraction jackscrew threads contact the forwdrd
faces of the four Batten l half-nuts. Orient the lead thread on each
of the four batten jackscrews with its corresponding lead thread on the
four batten half-nuts. Lower the entire assembly by simultaneously and
manually rotating the four jackscrews clockwise until the holes in the
carriage line up with the corresponding holes in the rails. Reinstall
the four carriage locking pins.
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8.

9.

10,

11.

12.

13,

14.

15.

16.

17.

18.

Install the drive sprockets, and chain assemblies and shaft collars as
shown on the top assembly drawing. Pretension the chains as specified.
While installing and pretensioning the chains be sure to maintain the
thread indexing of the batten jackscrews with the Battem L half-nuts.
Upon completion of chain pretensioning, tighten the setscrews that
secure the sprockets to the splined shafts.

Install the end adapter on the four jackscrew probes.

Install all four Bay 1 longerons and diagonals to complete Bay 1. Any
length adjustment of the longerons is to be shared equally between each
of the two turnbuckles per longeron.

Provide external vertical support that will permit retraction of Bay

1. Remove the four carriage locking pins and manually unlock the four
jackscrew support frame diagonals, and the four longeron and four
diagonal latches. {(The sprockets have spanner wrench holes. A spanner
wrench detail is provide on the top assembly drawings.) Use the
spanner wrench to manually rotate the batteu )ackscrews until the
jackscrew support frame rests on the main housing. Deploy and retract
Bay 1 until trouble-free operation is achieved.

Using the :anner wrench, manually redeploy Bay l. Continue
counterclockwise revolutions until the forward face of the Batten 1
half-nuts are flush with the aft face of the jackscrew support frame.
Position Batten 2 so that the forward faces of its half-nuts are
contacting and radially aligned with the aft face of the batten:
jackscrew threads. Manually rotate the batten jackscrews counter-
cockwise eight revolutions to obtain a 50.& mm (2 in.) engagement of
the Batten 2 half-nuts.

Install all Bay 2 longerons and diagonals. As before, any length
adjustment of the longerons is to be equally shared by each of the twc
turnbuckles on each longeron.

Manually unlock all four diagonals and longeroms of Bay 2. Retract and
deploy Bay 2 until trouble-free operation is achieved.

Install Bays 3 and 4 longerons and diagonals in the same manner as Bay
2 until trouble-free operation is achieved.

Redeploy Bay 4. Continue manual counterclockwise rotation of the
batten jackscrews until the forward faces of the Batten &4 half-nuts are
25.4 mm (1 in.) below the aft face of the jackscrew support frame.
Position Batten 5 (payload carrier support frame) so that the forward
faces of its half-nuts are contacting and radially aligned with the
jackscrew threads. Manually rotate the jackscrew 12 revolutions
counterclockwise.

Install the Bay 5 longerons and diagonals and adjust as described in
Item 13.

Repeat Item l4 for Bay 5.
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19.

20.
21,

22.

23.
24,
25.

26.

27!
28.

29-

30.

31.

az.

33.

Redeploy Bay 5. Continue manual counterclockwise rotation until the

forward face of the Batten 5 half-nuts are 256 mm (10 in) below the aft

face of the jackscrew support frame. Position Batten 6 (payload
carrier support frame) s¢ that the forward faces of its half-nuts are
contacting and radially aligned with the jackscrew threads. Manually
rotate the jackscrews 32 revolutions counterclockwise which is a
203,2 mm (8 in.) travel.

Install the Bay 6 longerons and diagonals and adjust as in Item 13.,
Repeat Item 14 for Bay 6.

Redeploy Bay 6. Continue manual counterclockwise rotation until the
forward faces of the Batten 6 half-nuts are 25.4 mm above the aft face
of the jackscrew support frame. Position Batten 7 so that the forward
faces of its half-nuts are contacting and radially aligned with the
jackscrew threads. Manually rotate the jackscrews 8 revolutiouns
counterclockwise.

Install the Bay 7 longerons and diagonals and sdjust as in Item 13.
Repeat Item 14 for Bay 7.

Install Bays 8 and 9 in the same manner as Bay 2.

Redeploy Bay 9. Continue deployment until the forward faces of the
Batten 9 half-nuts are 1.35 m (53 in.) from the forward face of the
rail attach fittings.

Perform Item 13 for Bay 10.

Perform Item l4 for Bay 1O.

Manually retract Bay 10 through Bay 1 and record the relative longi-
tudinal and lateral contact points for each longeron and diagonal

retraction probe in each bay. Adjust each of the eight probes for best

compromise. Redeploy and retract to verify suitability of probe
ad justment.

Redeploy the entire structure Bays 1l through 10.

Manually and concurrently, using spanner wrench, rotate clockwise ten
revolutions the diagonal and longeron retraction jackscrews, thereby
unlocking the latches in each longeron and diagonal for Bay 10.
Manually rotate the batten deployment/retraction system jackscrews
clockwise to retract Bay 10.

Manuelly and concurrently rotate the unlocking system clockwise 20
revolutions, thereby unlocking Bay 9. Retract Bay 9.

Repeat Item 32 for Bays 3 and 7, except prior to retraction of Bay 7;

manually and concurrently rotate the unlocking system counterclockwise
five revolutions.
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34,

3s5.
36.

37.

38.
39.

40.

41.

42.

43.

44,

Manually and concurrently rotate the unlocking system five revolutions
¢lockwise, thereby tripping the longerons and diagonals of Bay 6.
Retract Bay 6.,

Rotate the unlocking system 60 revolutions clockwise, thereby unlocking
the Bay 5 diagonals and longerons. Retract Bay 5.

Repeat same procedure for Bays 4, 3, and 2 as for Bays 9 and 8, ending
with retraction of Bay 2.

Rotate unlocking aystes 20 revolutions clockwise, thereby unlocking the
Bay 1 longerons and diayonals. Manually unlock the four jackscrew
support frame diagonals and pull the four carriage locking pins.
Retract Bay 1 through 32 counterclockwise revolutions of the jackscrew
systems. Retract the unlocking system by rotating the jackscrew system
through 210 revolutions counterclockwise. The ratraction probes should
be in the initial stowed position. Complete the retraction of Bay 1l by
rotating the unlocking assembly jackscrews counterclockwise through an
additional 164 revolutions.

Deploy Bays 1 through 10 and install the precompression system as shown
on the top assembly drawing.

Manually deploy and retract all bays to assure tension system cables do
not interfere with deployment and retraction.

Deploy Bay 1. At Batten 2, using GSE wrench No. VW62 inserted through
detent access holes in the housing skin, advance all eight deténts (two
at each batten corner half-nut) until contact with the half-nut is
made. Note the depth of insertion of the wrench. Advance all eight
detents 1.52 to 1.65 mm (0.060 -~ 0.065 in.). This position of the
detent will impart & total of approrimately 445N (100 1b) force
registance to the batten before the detents are compressed, thereby
allowing the batten to move, If this amount of force appears to be too
little or too great, the detents can be readjusted until the desired
batten resistance is achieved,

Install the three drive motor assemblies.
Perform positioning system motor and computer adjustments.

Upon completion of Item 42, deploy Bays 1 through 5 and install the
tray assemblies in Bays &4 and 5, respectively.

Retract and deploy Bays 4 and 5 to assure trouble—-free operation.
Retract the remaining structure and install the adapter/housing four
"s" fittings.

The following further defines the assembly coperations requirments:

(a) During deployment and retraction the truss structure weight
exerted upon the juckscrews shall be counterbalanced to within +
the weight of one lay. Appropriate lateral support safety guides
shall be provided.
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{b) The assembly of the test article {a to be performed in an environ-

ment in which temperatures are cortrolled to 27 + 10°C (75° +
18 °F). - -

(c) The manual deployment and retraction operations will be performed
by applying torque to a spanner wrench that attaches to any one of
the four batten deployment/retraction jackscrew sprockets, A '
torque wrench attached to the end of the spanner wrench will
permit measurement of the system's required torquee prior to
installation of the positioning system.

In the event the vertical deployment is restricted such as shown {n Figure
1.3-22, the following assembly variations relative to the foregoing are
imposed.

38,

39,

40,

41,

42,

43,

44,

(a) Pertinent to operations 15 through 37, the upper bays can be
manually folded, provided the aforementioned counterbalancing
requirement is satisfied during deployment and retraction,
adequate support is provided for the bay being manually folded,
and upon retraction the folded bays are manually redeployed prior
to retraction with adequate support provided.

{(b) Folding will be accomplished by manual tripping of the diagonal

and longeron latches, with latch retention maintained by a
suitable GSE device that will free the technicians for cother tasks,

Deploy Bays 1 through 5 end install the tray aesemblies in Bays 4 and
5, raspectively.

Retract and deploy Bays 4 and 5 to assure trouble-free operation.

Perform item 40 as previously described perteining to adjustment of the
detents.

Reorient the stowed configuration and manually deploy Bays 1 through 10
to the configuration shown in Figure 1,3-23,

Install the precompression system and manually deploy and retract all
bays to assure tension system cables do not interfere with deployment
and retraction.

Install the three drive motor assemblies. Reorient the configuration
to that shown in Figure 1.3-21.

Perform the positioning system motor and computer adjustments. Upon
completion retract the remaining structure and install the
adapter/housing four “S5" fittings.
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1.3.4 Deployment/Retraction QOperationg

This section provides a detailad description of the means by which the
previously described design accomplishes controlled, automatic, bay-by-bay
depioyment and retraction. While much of the forthcoming figures illustrate
the cest article in a horizonal attitude for drawing convenience, the
deployment and retrsction are most easily accomplished in the vertical mode as
suggested in Figure 1,3-24.

1,3.4.1 Stowed Configuration

Figure 1.3-25 illustrates a section through the test article in the stowed
position. The adapter is nested to the jackscrew support frame which is
captured betwean the adapter and housing. The adapter is fastened to the
housing with eight eye-bolts into the four "S" fittings. Battens 1 through 9
are captured (Figure 1,3-10) bectween the four rails as shown at the right,
with each of the four half-nut threads engaged with each of the four stowed
Jackscrews. Battens 2 through 9 (all except Batten 1), have the eight detents
par batten engaged. Finally, Battens 1 through 9 are positioned fore and aft
such that they bear against each other, with Batten 9 bearing againat the
truss attach fitting.

1.3.4.2 Deployment of Bay 1

The deployment operation starts with removal of the eight eye-bolts and
the start of clockwise rotation of the drive motor that rotates the four
batten deployment/retraction system spline shafts which rotate the threaded
jackscrews. The kinematics is best explained by the analogy of a bolt aad nut
(Figure 1.3-26). Clockwise rotation of the bolt with the nut constrained from
moving aft will result in forward motion of the bolt. Since the batten
half-nuts are constrained from moving aft the jackscrew and attached carriage
are pushed ocutward, i.e., to the left (Figure 1.3~25). Continued rotation
will continue to drive the jackscrew and carriage to the left. At 196 + .00l
revolutions, the carriage locking pin, for each of the four carriages will be
sutomatically engaged locking the carriages fore and aft. Concurrently, the
jackscrew support frame and adapter have been driven forward. The forward
motion of the adapter unfolds the four longerons and extends the four
telescoping diagonals attached to it. The forward motion of the jackscrew
support frace assembly extends the four telescoping tubes attached to it. At
carriage locking, through the adjustments described in the assembly
operations, the |2 members previously described will all be locked., The
cenfiguration is as shown in Figure 1.3-27 with Bay 1 developed, and the
jackscrew support frame assembly rigidized. It is pertinent to note that the
Jackscrew threaded length is such that the Batten } half-nuts are on the aft
101.6 mm (4 in.} of the jackscrews. This phased development is noted as (1)
an Figure 103-310
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l.3.4.3 Deployment of Bay 2

The analogy of the bolt and nut can also illuscrate the deployment of Bay
2., For this stage of deploymant the analogy consists of the boit restrained
longitudinally. A counterclockwise rotation of the bolt will advance the nut
forwvard. The carriage locks restrain the jackscrews; however, there is no
constraint against forward molion of Batten 1l which is engaged with the
jackscrew. Batten 2 is held in place by the eight detents. Deployment of Bay
2 commences, therefore, by the commuter comnanded drive motor rotating the
four jackecrews counterclockwise. This rotation and the engagement with
Batten 1 drive Bay 1l forward overwhelming the ball detents (on the drogue)
that previously restrained the adapter. Batten 2, howvever, is held in place
by the detents. The rotation is continued until 196 + ,001 revolutions are
counted by the encoder. It is pertinent to note thai the encoder coun:ing
accuracy of + ,001 revolution represents & iongitudinal positioning accuracy
to .00646 mm (.00025 in). At completion of .he 196 + .00l revolutions * =
longerony and diagonals are lockes’ completing the deployment of Bay . to the
configurati.a shown in Figure 1.3-28, This phase of deployment is represented
as (2) in Figure 1.3-31. 1In this configuration Batten 1 is fully engaged with
101.6 mm (4 in) of the jackscrew forward end. Specifically, the forward tace
of the half-nuts is at the forwara face of the jackscrew thread, The forward
face of the four half-nuts on Batten 2 is at the aft edge of the jackscrew.

1.3.4.4 Deployment of Bays 3 and 4

The deployment of Bay 3 starts with the counterclockwise rotation of the
four Batten deployment/retraction jackscrews. Thre. ;' engagement of Batten 1
with the jackscrew, as in Bay 2, the rotation drives che completed Bay 2
torward by overwhelming the eight detents restraining Batten 2, The total
rdstraining force (longitudinal component) of the detents can be set to vary
from 180 to 1780 N. Since the half-nuts are 101.6 mm (4 in) wide during the
first 16 revolutions both Batten 1 and 2 half-nuts are engaged with the
jackscrew. After 16 revolutions only Batten 2 is engaged. Upon completion of
the 196 + .00l revolutions Bay 3 is complete and is designated by (3) on
Figure 1,3-31. At completion the Batten 2 and Batten 3 (held by detents) are
located as shown in Figure 1.3-32

1,3.4.5 Deployment of Bays 4 through 10

The deployment of Bays & through 10 is accomplished in the same manner
except that the completed bay is located further and further aft, i.e., closer
to the aft attach fitting. This is because the aft Batten at any completed
bay ias located as shown in Figure 1.3-33. The only other exception is that
the carrier bay being 1.09 m (43 in), i.e., center to center of the Battens
and containing 152.4 mm (6 in) half-nuts needs to advance only .9 m (37 in)
to deploy. Hence, the number of revolutions shown on Figure 1.3-31 for phase
(6) is 148 revoiucions.

1.3.4.6 Precompression System Operations

Upcn cowpletion of deployment the precompression system can be manually
activated to apply and deactivated to remove the precompression loading.
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1.3.4,7 Retraction of Bay .0

The retraction opersation starts with activation of each of the diagonal
and longeron unlocking systems (Figure 1.3-29), Since the tripping devices
are set 25.4 mm aft of the bay longeron and diagonal latch faces, rotaction of
the jackscrews with & pitch of 5.08 mm (.20 in.) advances the probes to
contact the latches. Continued rotation advances the tripping devices which
rotate the latch mechanisme that depress the locking pins. At the proper
phasing (to be determined during the ground test deployment/ retraction
operatinns) vrhe batten deployment/retraction jackscrews will be rotated
clockwise (Figure 1.3-31). The rotation through engagement of the four
half-nuts of Batten 9 will drive Batten 9 aft towards the housing. In the
initial stages the batten closure further depresses the locking pins. The
rotation continues until Batten 9 is driven into the housing and over the
detents and repositioned. The spring activated detents again retain the
batten. At 225 rpm the retraction of Bay 10 will occur in approximately 52
seconds. During the first 16 seconds (approximately) the unlocking systems
continue to advance forward until 20 revolutions are completed and the
tripping devices are 25.4 mm from the face of the Bay 9 longeron and diagonal
latch mechanisms.

1.3.4.8 Retraction of Bays 9 and 8

The retraction of Bays 9 and 8 is accomplished in the same manner as
Bay 10.

1.3.4.9 Retraction of Bays 7 and 6

The retraction of Bay 7 is the same as Bays 8, 9, and 10, except as shown
in Figure 1.3-31, the unlocking systems are returned to the same position as
at the start of retraction. This is due to the difference in length of the
next bay, i.e.,, the carrier bay, and the Batten 6 half-nut length of 157.4 mm
(6 in). This is illustrated by Figure 1.3~34, and the following calculations
for A a which represents the required advancement of the tripping devices,

The advancement from the start of Bay 7 to the start of Bay 6 retraction is
determined from the equations:

He Hy 27 2R¢
da= T+ v+ -7

Aa = 50.8 + 76.8 + 4953.3 ~ 622.9 = 0

The advancement from the atart of the Bay & retraction to the start of the
Bay 5 retracticn is similarly determined as:

Aa = 76.8 + 76.8 + 622.9 ~ 495.3 = 281.2 mm (11 in)

The 55 revolutions shown in Figure 1.3-3] accomplishes the required
281.2 mm (1l in) of travel.

1.3.4.10 Retraction of Bay 5, 4, 3 and 2

The retraction of these bays is accomplished in the same munner as that
described for Bay 10.
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1.3.4.11 Retraction of Bay 1

The retraction of Bay 1 is unlike that of the other bays. The retraction
starts with manual unlocking of the four carriage locking pins and four
jackscrew support frame disgonals and advancement of the unlocking systems to
unlock the Bay 1 four longerons and four diagonals. At the proper phasing (to
be determined in the ground tests) the deployment/retraction batten system
motors are rotated counterclockwise 32 revolutions thereby retracting Bay 1
203.2 mm (8.0 in). Any further retraction is delayed until the extended
unlocking system carriages are retracted back into the housing (210
revolutions), At the appropriate phase the remaining 164 batten system
jackscrew revolutions are accomplished thereby completing the retraction of
the structure. At this point insertion of the eight eye-bolts can reattach
the adapter frame to the housing.

1.4 TEST ARTICLE MASS PROPERTIES

To support the planning of s future ground test program and future space
applications studies a mass properties analysis was performed. The results of
the analysis are summarized in Table l.4~1. The masses shown were determined
by detailed mass properties analyses of all the drawings, except for the
adapter, utilities tray, and jackecrew support frame assembly which were
estimated from the original layouts. The values shown represent the
calculated masses with no allowance for tolerances.

It is also pertinent to note that minimum cost of the test article was
regarded as more gignificant than minimum mass, provided there was no
compromise in the repre. atation of concept performance. For example, the
four rails in the batteu deployment/retraction system are heavier than
necessary to minimize machining cost without any deleterious impact on
performance. The same is true for the main housing structure which is
fabricated with 2.3 mm skius to minimize the addition of stringers for panel
stiffness.

Table 1l.4-1 also illustrates the potential mass reduction associated with
removal of the systems required for retractionm. Figure l.4-1 illustrates the
scope of those reductions.

1.5 STRUCTURAL ANALYSIS

The structural analyses performed during the Part 2 phase of this contract
directed the subject ground test article's conceptual and detailed design.
This section describes the structural requirements concept reviews, and an
overview of the major analyses performed to assure design compliance with the
requirements. A copy of the detailed structural analyses, performed to
support the drawing production, is contained in the Volume III Appendix.

1.5.1 Requirements

Figure 1.5-1 illustrates the major limit-loads location and orientation
that established the design internal loads. These are the loads that will be
applied to the ground test article at the conclusion of deplnyment/retraction,
stiffness, and modal survey tests.
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Table 1.4-1. Test Article Predicted Mcrs (kg)

WASS NITHOUT
COMPONEST NO. OF PARTS | TOTAL MASS | METRACTION SYSTEM
DEPLOYASLE TRUSS ) 84 u9
< LONGERONS 0 138 na
+GIAGONALS p 133 122
*BATTENS 9 8 83
«CARRLER 2 20 30
ADAPTER ® 1 v )
OEPLOYMENT/RETRACT[ON ) 185 185
SYSTEM
JACKSCREM SUPPORT FRAME ) 2 2%
ASSEEMILY #
MALH HOUSING & EQUIPMENT ! ns Per
*STRUCTURE 1 200 19
+UMLOCKING SYSTENS 8 55 0
+PRETENSION SYSTEN 1 H 1
+MOTONS & EQUIPMENT 3 I 20
UTILITIES TRAYS® 2 21
<CARRTER 1 10 10
STYPICAL i n n
TOTAL 978 861
DIAGONAL UNLOCKING SYSTEM - o e

oo
o £
}
| \ !
i K .
1.ONGERON
UNLOCKING
SYSTEM
REMOVABLE SYSTEM
.f‘ -~ >
SHADED ARE PART . §5‘|"|YE;Q‘ i
SHADED AREA DENOTES DELETED PARTS \‘- .

ASSOCIATED MOTORS, ENCODERS, TACHOMETERS,
MICROMOTION MOUNTS, CHAIN 8 SPROCKETS
NOT REQUIRED

Figure 1.4~1. Retraction System Equipment Deletion
for Degign Without Automatic Retraction
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The significant structural requirements are listed as follows:
o The structure shall sustain without detrimental deformation:

(1) The loads occurring during deployment in the vertical or
horizontal mode (with appropriate supports during deployment).

(2) The worst combination of the internal loads derived from the
loading shown in Figure l.5-1 in conjunction with limit
precoupression system loads.

(3) The placement of the 3636 kg simulated payload carriers supported
as shown in Figure 1.3-18.

{(4) A 6g acceleration applied to the stowed configuration along any of
the three major axes (one axis at a time). This is representative
of the Shuttle quasi~static launch load enviromment.

o The structure shall sustain the above conditions upon application of
ultimate load. The ultimate loading is the above described limit
loading mutipliad by a factor of 1.5,

o Provide a minimum netural frequency, in the stowed configuration, of 10
Hz. This requirement is to provide frequency separation with the
orbiter to minimize quasi-static loads to no more than 6 g.

o Provide a design minimum natural frequency, in tha deployed
configuration shown in Figure 1.3-18, of .10 Hz. This requirement is
applicable to the configuration with cthe precompression syatem cables
tensioned to 1780 N.

o Perform trouble free deployment/retraction operations in a controlled
environment, i.e., room temperature * (10°C)

1.5.2 Concept Reviews

The significant concept structural analysis reviews that directed the
design to its present form are described herein.

1.5.2.1 Truss Configuration

The selected truss member arrangement was determined from consideration of
the two major options shown in Figure 1.5-2. Configuration (a) represents a
design in which the member arrangement permits all the joints to be
identical. This configuration also has all the diagonals oriented in the same
sense with regard to the approach of the diagonal unlocking tripping devices.
These two advantages, however, were less significant than the advantages of
the selected configuration (b). The most significant advantage, and alone
sufficient to favor selection of configuration (b), is that precompression of
the longercns, by the precompression system, will also induce compression in
the diagonals. In configuraiion (a) there can be no precompression of the
diagonals since it would create an unbalanced torque. In this case the
shortening of the longerons is accommodated by torsional rotation of the
batten frames. The selected configuration also experiences reduced longeron
loads due to torsional woment. For the applied limit loads shown in Figure
1.5~1, the total longeron load is reduced by 17X%.
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Figure 1.5-1. Major Structural Requirements

Figure 1.5-2. Candidate Truss Arrangements

1-56




With the selected configuration no loads are imposed on the batten members
by the diagonals, which, in conjunction with the reduced longeron loads,
provide increased torsional stiffness and hence a higher torsional frequency.

The arrangement and configuration of the diagonals within the battens were
also studied, particularly in relation to the development of precompression of
the major truss diagonals. A pair of X-braced tension cables, as configured
in the Part 1 selected design, does not provide the required AE to develop
sufficient precompression ia the truss major diagonals. The phenomenon is
illustrated in Figure 1.5-3. The development of precompression in the
diagonals is dependent on the extensional stiffness of the batten since any
induced compression in the disgonals would have the resultant loads shown in
Section A-A. The most direct spproach is to place the diagonal along the lin2
of the resultant load, theruby negating the flexibility of members 1-2, 2-3,
j~4, and 4-1. Hence, placement of the batten diagonal along the lines of the
resultant force is the selected design for each batten frame. The sensitivity
of the developed diagonal compression force to variations in the design are
shown in the table of Figure l.5-3.

1.5.,2,2 Pracompression System Concept

A precompression system utilizing & pair of bungeea and tension cables was
chosen as the method to remove joint slop because it is current technology,
and, hence compatible with the goal of FY 1986 technology readiness. The
removal of joint aslop is required uot only to preclude a loss of stiffness but
also, and most importsnt, because a structure with slop is dynamically
unpredictabie. Another significant advantage of the precompression system is
that it permits joint siop during deployment. Thie is very advantageous to
the in-space deployment of the prototype design, which is indeterminate, since
it can accommodate the member length changes (graphite composite members)
during deployment., An indeterminate structure with no joint slop during
deployment, experiencing thermal-induced length changes, will not deploy
unless adequate force is used to accommodate the dimensional changes by
internal load induced deformation. A determinate structure can deploy with
tight joints, provided there is no binding, without any forces required.

The precompression system is designed to induce and wmaintain sufficient
precompression in the longerons and diagonasls, throughout the application of
control system lcadings, in systems for which precise comntrel is required.
Rockwell's large space structures studies (References 2 and 3) have indicated
these forces generally result in longeron and diagonal loadings below 1600 and
200 N respectively. A simple example that illustrates this is that of a
cantilevered square truss 50 m long and 1.25 m deep. RCS thruster forces can
be 4.45 N (1.0 lb) or at most 44.5 N {10 lb). A 44.5 N force shear exerted at
the end of this beam would result in a lomgeron load of 890 N {(neglecting
shear relief due to acceleration of the payload mass). The worst diagonal
forces would be due to torsion. To exceed the 200 N precompression, two equal
and opposing thrusters of 44.5 N would have to be 7.90 m apart. The exception
to the foregoing are loads incurred during hard docking. The control
requirements for hard docking, feaeibility of berthing, or attenuation is
beyond the scope of this study. Assuming that the control requirements during
hard docking do not require precompression throughout the structure, a tension
in the precompression system cable of 1780 N was established. This does not
mean that higher values are not possible. However, higher precompression
loads result in higher total longeron and diagonal desiga loads.



The aystem contains a pair of compression springe that each have a epring
constant of approximately 88 N/cm. The low spring constant will minimize
variations in the precompression of a future flight article despite differen-
tial strains between the longeron and cable duas to either load, thermal
variations or creep. For exampie, a J0°C uniform temperature change in an
aluminum longeron (worst case) would cause & total length change of 9.5 mm,
and a load change of 83 N which is & percentage change of 4.6, which is
certainly accaptable.

1.%.2,3 Concept Suitabilicy-Launch Loading

Figure 1.5-4 illustrates the pertinent featu—'os of the prototype design in
the stowed configuration. Any of the three orientations relative to the
orbiter are possible, Referring to the references axes shown in the figure,
the following comments are appropriate tc the support of the components for
loads directed along the X-axis,

o For a prototype design the adapter will be latched to the main housing
with latches designed for the peak X-axis loading.

0 The jackscrew support frame is ceptured between the adapter and main
housing.

» The screwjacks and carriage are constrained by the pawl (Fig 1.5=4).

o0 The battens are constrained (forward) by the half-nut engagement with
the acrewjack and (att) by bearing on the truse attachment fittings.
The half-nuts of all the adjacent battens are in contact during launch.

o The longerone are constrained by bearing on each other with transfer of
load to the transverse beams on the adapter (forward) or on the
transverse beams (aft) on the housing.

o With a full complement of utilities trays, the trays are constrained by
bearing on each other with transfer to the same 2nd beams used to
support the longerons.

o The diagonals and battcns are constrained by their end clevis
attachments to the half-nuts and each acts as siuple beams between the
ends,

The following couments are appropriate to the support of the components
for loads directed along the Y and Z axes.

o For a prototype design Y and Z directed loads will be transferred from
the adapter to the jackscrew support frame ard inteo the main housing
through bearing on suitable shoulders between the componentas.

o The jackscrews are conatrained at their ends by bearing on the adapter
and attachment to the carriage which is laterally supported by the
guide rail. The jackacrew acts anm a beam between these two ends.

o The battens are conatrained by the half-nuts bearing on the faces ot
the rails (Figure 1.3-10).
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MINIMUM DIAGOKAL COMPRESSION (M)
DUE TO 1780 W PRETENSION

BATTEN 1.52 mm 1.05 =
DIAGOMAL WALL WALL
AT 1) 141 N -
AT 2.4 e N ON

Filgure 1,5-3, Batten Diagonal Load Paths
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Figure 1.5-4. Potential Launch
Configuration Features
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o The longerons are constrained by the fittings provided on the utilities
trays {Figure 1.2-2).

0 The trays ere counstr-ined by the support provided by the barten mem.w '8
(Figure 1.2-2).

© The diagonals and batten individual members are constrained by their
end clevis attachments to the half~nuts and each act as simpls beams
between their ends. The longeron halves act as simple beams between
their end clevis attachment and the attachment to the utilities trays.

1.5.2.4 Root Strength During Deployment and/or Retraction

Figure 1.5~5 illustrates the load path during deployment opsrations
subsequent to deployment of the jackscrew support from assembly. {(The load
paths during deployment of the jackscrew support frame assembly were discussed
in Section 1.3.1.3.) Bending moments about the pitch or yaw axes are
transferred from the truss longerons of the last deployed bay to the half-nuts
and onto the jackscrews through bearing on the engaged threads. This results
in axially applied loads t> the jackncrew which are transferred to the
carriage and into the raiis through the carriage locking pins. The rails
transfer the locad into the housing through attachment to the frames. Lateral
shear, or torsion induced shears, are transferred from the diagonals of the
last deployad bay to the jackscrews through bearing from the half-nuts. The
lateral load is transferred through bending of the jackscrew to the carriage
and to the jackscrew support frame. The lateral luad at the carriage is
transferred into the rails through bearing on the carriage ears. The lateral
load at the jackscrew support frame is transferred to the housing frames
through the diagonal braces. During retraction operstions, prinr to
ratraction of the jackscrew support frame assembly, the same load paths are
available.

1.5.2.5 Dimens?-:al Compatibility - Spacing of Adjacent Batten Half
Nuts/P.. h o. Jackscrew Thread

A critical requirement ~f the mechanization system is the maintenance of
the iongitudinal distance between the corresponding points on the half-nut
threads of adjacent battens (for eich of the four pairs of half-nuts) wizh the
matiig threads on the jackscrews. Failure to satisfy this requirement would
preclude engagement of the aft batten half-nuts during deployment, and
engagement of the forward batten Lalf~nuts during retraction. The rnquirement
and the design solutiom are illustrated in Figure 1,5-6. The thresd of the
half-nuts has a radius 1.57 mm (.063 in) larger than the jackscrew. The
larger radius with a 1.57 mm radial separation will provide a 0.76 mm (.030
in) longitudinal clearance when assembled as described in Section 1.3.3. This
is accomplished through adjustment of the longeron and diagonal turnbuckles.
This assembly will be accomplished in a room temperature environment of 24 #+
10°C (75 + 18°F).
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Deployment and retraction operations should be performed in the same
anvironment. The three potential future deviations from the assembled
condition can be due to length changes from different.al thermal expansion,
jackscrew pitch vaviation as the battens move along the jackscrew, and
longeron joint slop affects on longeron length.

¢ The worst case for thermal expansion would ° * aszemble at 34°C and
deploy/retract at 14°C or the opposite extreme ndition. A 20°C
temperature change will result in a 0.30 mm (0.012 in) differential
lengeh change over the 1.35 mm length.

o For the typical bay of 1.35 m the balf-nuts &djacent battens are both
engaged for a length of 50.8 mm (2 in) while for the carrier bay this
length is 203.2 mm (8 in), In both cases this .s half the full travel
length but representative of the deviation from the assembied coiudition
(Section 1.3.3). Reference 4 indicates the maximum jackscre=w pitch
variation across 203,2 mm is 0.018 mm (0.007 in).

¢ The potential change in length, of the longeron, dus to joint slop at
the two end clevises and two center pivots pins (4 pins, 8 holes) is
0.16 mm. This was determined by calculating the maximum gap between
each smallest pin and the twu largeat holes and taking the square root
of the sum of all the squared values of the gaps.

Numerical addition of the 0.30 mm, 0.018 mm, and 0.16 mm deviations
results in a total of 0.48 mm, which is less than the initial value of 0.76 mm
and acceptable.

From the foregoing discussion, however, it is evident that it is critical
to maintain the radial separation of 1.57 mm between the threads of the half-
nut and jackecrew. A closer view of this problem indicated a small increase
(0.34 mm) in the radial separation is permissible since it does not decrease
the longitudinal clearance of 0.76 mm, and engagement is maintained at the
sides and most of the half-nut. 4 decrease in the radial separation of the
threads does decrease the longitudinal clearance.

During deployment this concern is applicable at the aft face of the
jackacrew thread, where the aft batten comes onto the jackscrew. During
retraction this concern is applicable at the forward face of the jackscrew
thread, where the forward batten must mate with the jackscrew.

For the aft region, during assembly, the rails can be shimmed laterally U
to 0.05 mm of true position. Arithmetic additions of the tolerances between
the rail to the carriage and the carriage to the jackscrew add up to #+
0.175 mm (laterally). For the forward end the jackscrew support frame,
ferrule locations (Figure 1.3~12) and ferrule to jackscrew thread tolerances
arithimetically add up toc .165 mm la: -1lly. The batten half-nut location
thread tolerances add up to - 0.30 -m (lateral). A statistical calculation of
the resultant radial (mot latere’. ¢ aviation is 0.34 mm (0.0136 inl.



Since all the structure affecting the lateral stability of the ground test
article is aluminum, no significant differential thermal distortions are
anticipated. For a prototype flight article using low CTE materials the same
conclusion applies.,

However for a& flight article with an aluminum housing and truss, a detailed
thermal analysis is required to determine the magnitude of differential
thermal distortions. This will determina whether it is necessarv to decrease
the pitch of the jackscrew thread to 9.5 or 12.7 mm (0.5 in.) to achieve a
thread depth up to 6.35 mm. This would permit an increased radial separation
and longitudinal thread gap up to 1.5 mm. This does not preclude the need for
& thermal curtain (Section 1.3,2),

A radial closure of 0.34 mm will result in a reduction of the 0.76 mm
longitudinal gap by 0.14 mm to 0.62 wm. Since the foregoing analysis
indicated a total longitudinal closure of 0.48 mm, the design is adequate.

1.5.2.6 Torque Requirement for Deployment/Retraction System

The output torque required for the batten deployment/drive system of the
test article was defermined for vertical deployment without any ballast. The
torque requirement was determined to lifi a truss mass of 454 kg and overcome
a batten detent resistance of 1780 N. The equivalent force is 6230 N (1400
lb). The classical jackscrew analysis equationa extracted from Reference 5
defines the required torque as

T = Wr tan (¢ +0) where tan® = pitch/Frr

and W is equal to 6230 N, r is the jackscrew radius of 25.4 mm, and ¢ is
determined from the coefficient of friction (tan¢ = .l4). Based on the
foregoing u peak torque requirement of 26 Nm was determined. The use of a
coefficient of friction of 0.14 is considered to be comnservative. The
determination of the required output torque for the unlocking systems is
presented in Volume III.

1.5.2.,7 Drive Chain Deformation Implications

The drive chaiu used is a Browning No. 35 (3/8 in. pitch) stainless-steel
toller chain., The tensile strength capability of this chain is 9345 N (2100
b}, with a life of 15000 hours. These capabilities are greatly in excess of
the requirements. Of concern was the magnitude of chain slop and axial
deformation in regard to its affect on the relative accuracy of the position-
ing of the jackscrews. The slop will be eliminated by a chain pretension from
223 N (50 1b) to 446N (100 1b). The peak maximum load in a chain due to the
maximum output torgue is 845 N (Volume IIT), This is less than the chain
allowable working load of 934 N.

A total axial deformation of 0.467 mm was deter ined for the loads
developed in the chain due to the applied torque., This deformatioan, and an
additional 0.24 mm for wear (100 operations), will cause a deviation between
the longitudinal position of the worst jackscrew relative to the motor—driven
jackscrew of 0.014 mm (0.0006 in) which is acceptable.
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1.5.2.8 Chain Drive Considerations

During operation of the three chain drive configuration shown on the top
assembly drawings, it is essential that adjacent chains do not touch. Hence,
any dynamic suplification must be limited to the clearance envelope provided.
The forcing frequency cf the chain is determined by N5/60 where N is the
numbsr of teeth on the sprocket and S is the sprocket revolutions per winute.
The frequency at 225 rpm is 131 Hz and at 75 rpm is 44 Hz. A chain pretension
of 445 N provides a minimum chain frequency of 12.8 Hz, i.e., an order of .
magnitude below that of the forcing frequency, Therefore, it is not practical
to provide a chain frequency above the forcing frequency.

It is expected that buildup and decay of the shaft rpm will occur in no
more than 2 seconds. This will result in a forcing frequency of 8 to 18 Hz
for .15 second, i.e., the time for two cycles of chain vibration at 12.8 Hz.
This is not expected to cause any significant amplification, in the presence
of the lg static loading. However, if the amplication is significant guide
supports can easily be added during the assembly and checkout stage of the
test article.

1.5.2.9 Test Article Intermal Loads

A NASTRAN nmodel of the ground test article from which the internal loads
were established is presented in Figure 1.5~7, The model represents the
configuration of Figure 1.2~1 and the loading shown in Figure 1.5-1 plus the
addition of four 1780 N end loads representative of the precompression system
loading. The design limit compression loads, obtained directly from the
program are delineated as follows. The ultimate design values used arée also
shown.

Longerons 13,800 N limit, 20,700 N (4650 1lb) ultimate
Diagonals 6,750 N limit, 10,125 N (2275 1b) ultimate
Typical Batten Members 0, 2,140 N (480 1b) ultimate

Batten Diagonal Brace 0, 1,000 N (225 1b) ultimate

Payload Cavrier Batten 0, 13,350 N (3000 1b) ultimate

The 13,350 N column load capability is provided to permit use of a
spreader beam (if necessary) below the truss to support the simulated payload
carrier. It is derived from 1/4 the 3636 kg mass, and a safety factor of 1.5.

The model also indicated a peak lateral deflection of 43 mm (1.7 in), at
point A (Figure l.5-7) in the direction of the applied loads, The angle of
twist, of the plane at point A, about the longitudinal axis was 0.9 degree.
Further, for future ground test planning, the predicted spring constant is
400 N/cm.,
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1.5.2.10 Modal Analysis

A moda] analyses was performed using the NASTRAN model shown in Figure
1.5-7. The 3636 kg simulated payload carrier c.g. was located as ghown in
Figure 1.3-18. The first, second, and third modal frequencies were 0.40,
0.405, and 1.4 Hz.

The first mode exhibited a combination of laterzl bending and torsion. An
analyses t, determine the sensitivity of the first mode value to payload .
carrier moment of inertia variations indicated the following:

First Mode

LEE &IZ LEE Frequency Hz
3320 nm? 3018 nm? 1210 nm? 0.410
6640 nm? 6036 nw? 2420 m? 0.408
13280 nm? 12072 nm? 4840 nm? 0.400

1.5.2.11 Internal Loads - First Mode Behavior Modal Suxvey

For future test planning the internal loads anticipated for the longerons
and diagonals during a modal survey are s'mmarized in Table 1.5~1. The
magnitude of the precompression in the longerons and diagonals depends upon
the initial compression imouced by the precompression system and the amplitude
of steady state modal excitation. It is assumed that during the modal test
only the lowest cantilevered mode of cthe truss will be excited., In order not
to introduce any non-~linearity in the system, i.e., sloppy joints, it ia
required that the longeron and the diagonals should always be in compression.
The NASTRAN math model of Figure 1.5-7 gave the internal load distributions
for cantilevered deflections of the truss. From this various amplitudes of
excitation were selected, such that the longeron and the disgonal always
remained in compression during the test. The mass of the truss was considered
to be neglible compared to the mass of the payload.

A review of the table indicates all the members are in compression if the
peak deflection at point A does not exceed 6.25 mm.

1.5,2.12 Diagonal Assembly Structural Analysis Issues

The diagonal assembly structural analysis reviews contained the following
significant structural analyses and design concerns.

(1) During deployment, how much spring force is required during the last
6 mm of stroke to ensure full deployment of the spring activated locking pins?

(2) How much outward spring force can be tolerated by t . ocuter tube wall
design?

(3) What are the load implications of the radial tolerance between inner
and outer tube walls and the associated local tube stiffness affects?

(4) Was a room temperature cured adhesive joint suitable for attachment
of the telescoping tube to the ceater joint fittings?
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Figure 1.5-7. Test Article NASTRAN Model

Table 1.5-1. Pradicted Loads During Modal Survey

CABLE PRECOMPRESSION (K
o | w0 | s00 1800
CONTROL MODAL DJSPLACEMENT | . ELEMENT MINEMUM AND MAXIMUM LOADS
CRITICAL ELEMENTS
® 1,56 mm
t. LONGERON +289 -645 1000 -1713
=67 -423 -1138
2. DIAGONAL 242 ~106 -171 -300
=23 -87 =216
® 5,25 mm
1. LONGERON 21147 -1513 -1869 -2580
+801 +hi5 -267
2, DIAGONAL 167 -232 -296 -425
+i02 +38 ~91
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These questions were resolved as follows:

(1) A comservative estimate of the potential force required during the
last 6 mn of stroke was determined a follows:

The major concern ' as applicable to a potential flight article using & low
CTE diagonal of graphite composite. [(An aluminum design is expected to
require a deployable curtain on the jackscrew support frame sssembly (Section
1.3.2)), The concern is generated from the potential thermal~induced change
in-one diagonal members length during on=-orbit deployment. For a 60°C charge,
the change in length is estimated to be 0.13 mm (0.005 in,). For all other
comporents being as~built the force capability in the diagonal needed to
overcome this length varistion was determined for the following NASTRAN Models
(assuming no joint slop).

lst bay deployed 0 (structure is determinate)
In 2nd bay with 2 bays deployed 49 N

In 9th bay with nine bays deployed 73 N

In 10th bay with 10 bays deployed 124 N

The larger force in the 10th bay is due to the rigidity of the hcusing.

In the foregoing section, a potential longeron length change, due to joint
slop was determined to be (.16 mm. Using only 0.04 mm a virtual work analysis
indicates that such a slop can accommodate the entire 0.13 mm variation.
Therafore, the 124 N value was considered too high. A design goal of 73 N
appeared more reasonable and was established (See Volume III). Friction
effects are expected to be small by comparison. :

(2) Analysis of an outer tube wall of 1.75 mm (0.068 in.) exposed to a
force of 90N indicated a stress leval of 1310 N/cm? (1900 psi). 4
gauge of half that value would experience four times that streass
(still acceptable even for a composite comstruction design). The
analysis was accomplished with a NASTRAN model. THe 90 N force
represents the outward load of the compressed spring (Figure 1.5-8).
The plunger head is rounded to reduce friction and contact gtresses.

(3) Figure 1.5-9 illustrates the main features of the analysis to
determine the implication of tolerance between the inner and outer
center fittings and local stiffness affects on the strength of the
diagonal tube. The concern is the potential magnification of the
initial deflection as ultimate load is approached. The initial
center deflection due to a radial gap of 0.125 mm (N.005 in.) between
the inner and outer sleeve is 1.27 mm (.05 in)}. With provision of
rings at the bearing lines, and accounting for ring local deflection,
a peak deflection at ultimate load of 5.3 mm (.21 in) was obtained.
The acceptable stresses compatible with this deflection are
illustrated in Volume III.

(4) Figure 1.5-10 illustrates the test counfiguration and results of
development tests performed upon three simulated bonded jeoints. The
lowest developed strength was 5.3 times greater than the ultimate
diagonal load.,
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Joint Test Results
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1,5.2.13 Longeron Assembly (Drawing 42712~120)

The longern assembiies structural analysis reviews contained the following
significant structural analysis concerns.

(1) During deployment are the spring forces provided during the last 1/2
degree of longeron rotation adequate to ensure side plate locking?

(2) Does the center joint side plate design, in conjunctionm with the
reduced flexural stiffness in the rod ends, provide sufficient rigidity
compatible with the required ultimate load?

(3) How much initial deflection is associated with the tolerances of the
center joint design, and what are the consequences at ultimate load?

These questions were resclved as follows:

(1) The spring torce in the plungers provide a lateral force of 47.9 R
(10.7 1b). The couple arm is 110 mm (Figure 1.5-11) hence, a torque
capability of 527 n cm is provided. The two major sources of opposing
friction torque are the two rod end clevises and pivot pins. An upperbound
estimate of the friction torque at each source is provided by the torque
breakaway data in rod end bearings (Reference 6). For the rod ends used this
value is 170 B ¢m thus requiring & totel for breakaway of 680 K cm. Since the
longerons are already in motion, the 527 a cm provided is expected to be
adequate.

(2) Figure 1.5-12 summarizes the analysis method performed to verify the
column suitability of the longeron design. A NASTRAN model of the center
splice joint was made and used to jein two halves of a constant
moment-of-inertia tube. The column capability determined was used to define
an equivalent flexural stiffness EpI; as shown in the figure. :

E;I] represents the equivalent flexural stiffness of the earlier
rod-end turnbuckle design. This hand analyses was performed using the
equation shown where P is the critical column load. A value of 29,700 N was
obtained. This analysis is based on the improved rod end to turnbuckle design
which provides an increased EyjIj and a shorter effective length !
(Figure 1.5~-12).

(3) Figure 1.5-11 illustrates the tolerances upon which an analysis of
the worst possible initial deflection, at the center of the longeron, was
made. The initial deflection calculated wae 3.63 mm by assuming the pivot
pins and spring plungers have the minimum values and the sleeves the maximum
values. Using an ultimate coluun capability of 29,700 N the magnified
deflection at an ultimate load of 20,700 N was determined to be 11.95 mm from

A.E = i

AR I T e R AL o
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.@ wvhere P, and P, are respectively the applied ultimate ioad and Euler
' column critical load and 4 ; is the initial deflaction. The stress
analysis based upon this condition is presented in the appendix of Volume III.

1.5.2.14 Diagonal to Batten Attachment Stiffness Analysis

While all the center lines of the longervns, diagonals, batten members,
and batten diagonal Lraces intersect at a common point, the clevis to which
the main diagonale are attached sustains shear and bending deformation during
transfer of diagonal loads (Figure 1.5-13). The clevis configuration is as

“shown to provide clearance for the longerons. To assure that no significant
loss of torsional stiffness would be incurred dua t¢ “he aforementioned local
effacts the vertical deflection due to vertical sh as deternined as shown
on the figure.

The parcentage dus to local affecte (i.e., the last three terms) was less than
IN% which is c¢ertainly acceptatble.
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2. DEPLOYABLE VOLUMES

Space Station configurations developed in NASA and industry studies have
depicted OTV hangars and manned modules (Figure 2.0-1), The OTV hangars are
too large to be packaged into the orbiter, hence, the need for either a
deployable cr ersctable design., The size (approximately 8 m in diameter and
12.2 m long), howevar, does not invite the use of a space-fabricated design.
Each of the manned modules prosently configured is approximately 4.5 m in
diameter and 12.5 m long and, therefore, can be placed into the orbiter
without folding. This is accomplished at a significant increase im launch
cost compared to a deployable manned module. For example, two manned modules,
such as previously described, require two Shuttle launches compared to only
one Bhuttle leunch of an equivalent deployable module. However, the
deployable modules structural systems are more complex, require additional
specific sealing techniques, and will require on-orbit installation of
partitions and aystems.

The goals of this deployable volumes gtudy, for an OTV hangar, therefore,
were:

o To establish the major design driver requirements for the OTV hangar
design

o To develop candidate deployable and erectable OTV conceptual designs,
that sstisfy these requirements, utilizing hard shell and inflatable
constructions

o To select for future development the most suitable of the developed
designs. The selection was to be accomplished through a
aystematic/traceable process, similar to that used in Part 1.

The goals of this deployable volumes stiriy for manned modules were:

o To obtain from the Rockwell Space Station study (Reference 7) and the
NASA study documentation (Reference 8) *the major design driver
requirements.

o To define, through collection and collation of Rockwell's Space Station
study, definition of a manned module, a description of a baseline
non-deployable (conventional) manned module design.

o To develop a hard-shell deployable and an inflatable design that
provide the same combined capability as the two baseline modules showu
.i.n ?igure 20 0—10

o To compare the developed deployable designs with the baseline design
and to select the most suitable design through a systematic/traceable
selection process similar to that used in the Part l study.
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The OTV hangar concept devalopment utilized the following Lnformation
obtained from the Part 1 study:

o The concept, devaloped in Part 1. of providing a Space Station docking
port structure with ingruss/egress between the station snd hangar, with
integral provision of an astromast for OTV ingress/egress, and integral
umbilicals for fueling the 0TV, was maintained.

o Councepts 1, 3, and 6 developad in Part 1 (Figure 2.0-2) were developad
in further detail.

o The QTV hang ¢ unpressurized, deployed configuration concept was
waintained in which with the aft end ias open and oriented towsrd earth.

o The pertinent quastions raised in the Part 1 study concerning
unpressurized inflaetable structures were presented to Goodyear
Aerospace Corporation for resolution (Reference 9).

The manned module development utilized the following information obtained
from the Part 1 study:

o The concept of @ large rigid strovgback, onto which either a deployable
hard-shel]l or an inflatable shell is to be mounted, was maintuined,
Within this strongback are mounted the conglomeration of ECLSS air
revitalization, humidity control, water reclamation, waste management,
food preparation, electrical powar, thermal control, and crew systems
equipment . .

o Concepts 3 and 5, developed in Part | (Figure 2.0-3), were developed in
further detail.

The study was directed by the following major goals:

¢ Development of a design for the early 1990's i.e., a design requirinj, a
minimum of technology development that can sarisfy the requirements

o Strive for winimum usage of orbiter cargo bay length
o Utilize EVA where complexity can be gignificantly reduced
2.1 OTV HANGAR DEVELOPMENT

The development of OTV hangar design concepts was directed by the
established requirements shown in Figure 2.1-l1. These requirements represent
the best information available at the time, which was during the early months
of the series of Space Station contracts.

The drawings dascribing the concepts deveioped are contained in the
appendix cf Volume III.

All the concepts have an integrated central hub which contains the Space
Station docking port with egress/ingress between the Space Station and hangar,
an astromest, and OTV refueling probss. Upon QTV apprrach the astromast is
extended outward to the forward edge of the hangar. Three extendible struts
stored in the docking device, mounted at the forward end of the astromast

2-2
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extend radially to the inner face of the hangar platforms until bearin, on the
platform is developed. The astromast is laterally supported and therefore has
sufficient flexural stiffness to sustain OTV docking. Upon completion of the
docking maneuver the astromast draws the OTV into the hangar for servicing.

All the OTV platforms require longitudinal bracing and in-plane structural
attachments to develop frame behavior in the platforms. In all the concepts
this structural continuity of the frames is accomplished by EVA. In all the
concepts, excepting only Concept 3, the longitudinal bracing is installed hy
EVA,

A detailed description cf each of the concep.s developed is as follows:

2.1.1 Concept 1 - Double-Folded Hard-Shell! (Drawing 42712 - 1)

Figures 2.1-2 through 2.1-4 describe the major design features of Concept
1. Figure 2.1<2 illustrates the fully deployed configuratiou. The cantral
hub fixture described above in this case also contains six telescoping braces
used tc laterally deploy the stowed configuration (Figure 2.1-3) to the first
stage of deployment. The braces also provide longitudinal support to the OTV
hangar shell., The shell is comprised of twenty-four 50 mm-deep graphite
composite faced honeycomb sandwich panels packaged as shown in Figure 2.1-3.
The panels utilize graphite composite face sheets to minimize thermal
distortions for assurance of post~deployment locking of the latches shown in
Figure 2.1-4.

In the folded configuration, which has a length of 5.6m, platfoim panels A and
B are in different planes to permit folding. Platforms are provided at the
two ands and as shown in Figure 2.1-2., To accomplish the folding shown and
permit deployment, the panels in Bays 2 and 3, during deployment, are attached
only along the common circumferential edges. Hence, the latched details are
provided as ghown on Figure 2.1-4, Details ), 2 and 4 present the concept of
the latches required for etructural continuity of the shell. Detail 3
presents a concept for EVA installation of the struts as shown in Figure
2.1-3. The configuration is supported in the orbiter by the fittings shown.

A band clamp is also provided.

2.1.2 Concept 2 - Double-Folded Curtain Shell (Drawing 42712-2)

Figures 2.1=5 through 2.1~7 describe the major design features of Concept
2. The deployed configuration is shown on Figure 2.1-5., Eight double-ended
continuous longeron astromasts are used as the longerons to deploy the curtain
shell conmstruction shown in Figure 2,1-7 which uses 6.25 mm deep aluminum
panela. The astromasts are laterally stabilized by sidewall frames at the
ends and at the middle. During deployment the frames unfold radially as shown
in Figure 2.1~5. A system of 16 sets of X-bracing is provided between the
astromasts and frames to provide & trussed configuration. The X-bracing
cables are tensioned by the final stages of astromast deployment. Discussions
with AstroResearch personnel confirmed the feasibility of this approach.
During and subsequent to deployment, the curtains span circumfereatially to
tenaion cables attached to storage r..els mounted on the frames. Three sets of
work platforms are attached to the folding frames as shown in Figure 2.1-6.
Continuity of the frames is providad by self-latching devices or the frames.
Installation of the longitudinal bracing supporta requires EVA.
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Similar to Concept 1, exrendable Struts (telescapic braces} are provided
to first laterally extend the packaged structure as shown in Section B-B of
Figure 2.1-5. For this design eight struts are required, {.e., one for each
astromast., Upon completion of this phase, and locking of the frame joint
latches, the astromasts are mechanized to longitudinally deploy the structure,

The packaged coufiguration length as shown in Figure 2.1-6 is 3.6 m. A
cradle is provided as shown in Figure 2.1-6 for support during orbiter
launch. Fittings are also provided on the hub structure.

2.1.3 Concept 3 - Single-Fold Hard-Shell Design (Drawing 42712-3)

Figures 2.1-8 and 2,.1-9 {llustrate the major design ‘eatures of Concept
3. This concept is primarily the simplification of Concept 1 achievable by
deleting the lomgitudinal folding requirement at the cost of a significant
increase in orbiter stowage length (14,5 m), While the significant launch
cost penalty is appreciated, i1f a significant part of the available space
shown can be used to place 0TIV spare parts, or other Space Station equipment,
that penalty may be acceptable in considerarion of the significant reduction
of hangar complexity. In this concept the entire outer shell is monclithic
except for the longitudinal hinges that permi: the lateral folding shown. The
panels are SO0-mm-deep aluminum faced honeycomb sandwich structure panels.
Thermal distortion in this design can be tolerated by the design of the common
longitudinal hinges.

The platform panels A, are folded up against the flat outer shell panels
to permit folding as shown in Section A-A, Figure 2.1-9, 1n the deployed
configuration these panels A and B are in the same plane. Longitudinal braces
can be ground-installed; however, EVA 1s required for on-orbit attachment of
panels A to B, and adjacent panels A to each other,

As in the Concept 1 design six telescopic braces are provided feor lateral
deployment, The stowed configuration is shown in Figure 2.1-9 with provision
for orbiter attaciment,

2,1.4 Concept 4 - Erectable Hard-Shell (Drawing 42712-4)

Figures 2.1-10 through 2,1-12 describe the major features of this design.
The ocuter shell of this design is8 built up from efghty-eight 1B.8 om (0.75
in,) deep by 1.2 m x 2.9 m graphite composite faced honeycomb sandwich
panels. Here too, graphite composite construction is used to ensure minimal
thermal distortion during the erection process. The deployed shell is
stabilized by work platforms at the ends and center of the configuration bullt
up from frawme panels as shown in Figure 2.1-11 {Stage 6). All the panels are
stowed into the storage container space within the work platform enclosure, as
shown in Figure 2.1-12.

The construction is accomplished in the manner shown in Figures 2.1-10 and
2.1~11, Stages 1 through 7. Extension of the platform for construction is
accowplished by the astromast shown, which alsc is used to provide
ingress/egress for an OIV,

The construction 1s accomplished by two astronauts and will proceed as
follows:

Referring to Stage 1, the platform container i1s extended to the position

2-9
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shown in Stage 2. The end-hinged stowed panels are daployed as shown in Stage
3 and joined to each othar, The periphery of the end panels have provision
for mounting of the first set of side panels &s shown in Stage 4. The panels
are fastenad together by the atuds shown in Figure 2.1-11 that are mounted
onto a cable prior to attachment to the panels, Numerous other neans for
attachment are possible. The construction continues as shown in Stage 5. The
placement of the panels is assisted by the guides and tabs shown in Figure
2.1-11. In Stage 6 the installation of the platforms is shown.

This construction has been conservatively estimated to require 105 man-~
hours for each of the two astronauts for a total of 210 man-hours. This
includes 18 man-hours for the work platform deployments. The estimate is
composed of & nominal time plus a 303 contingency time to account for delays
and uncertainties. A total of five hours nominal time for suit donning and
doffing is included for each six hours of EVA (or less when breaks seemed
advisable in the sequence). With the eight-psi pressure suit, such don-doff
time may be reduced to two hours or less per six hours of EVA. The
preliminary concept for procedures and assembly hardware could probably be
significantly reduced (perhaps by 251 to 501) following further study and
application of concepts using simple rods, tools, and latches, which would
reduce the need for some crew relocation activity during assembly. Assuming a
lebor rate of $15,000 par man-hour the approximate cost for the worst case
would be $3,150,000. With the use of a rotating platform, it is quite
possible that this time can be reduced to 48 man-hours each, i.e.,
conatruction in six eight hour days. The coat would be reduced to $1,440,000.

This concept results in the smallest packaged length, i.e,, 3.0 m.
Support in the orbiter is provided at attachment filtings on the docking port
and platform container.

2.1.5 Concept 5 - Inflatable Design (A drawing was not developed)

A drawing was not developed since adequate design definition is provided
by Figures 2.1-13 to 2.1~-15. This design was developed by the Goodyear
Aevospace Corporation (GAC) under contract to Rockwell (Reference 9). The
construction recommended by GAC is shown in Figure 2.1-14 and further defined
by the following table.

MATERIAL WEIGHT

ITEM GM/cnd LB/FT2

Outer Cover (With Thermal Coating) 0.034 0.068
Interlayer Adhesive 0.005 0.010
Two Plies of Fiberglaas 0.036 2.071
Interlayer Adhegive 0.005 0.010
Gelatin - Impregnated Scott Foam (64 mm) 0.375 0.750
Interlayer Adhesive 0.005 0.010
Two Flies of Fiberglass 0.036 0.071
Inner Coating 0.020 0.040
TOTAL 0.516 1,030
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The packaging and development of this structure are complex. The
following concept is the result of a very preliminary study and shculd be
considered as such. Inflation is used for controlled deployment and 3 gelatin
system is proposed for rigidization. The work platforms are one meter wide
and held in place axially by straps. Open arcas are provided in tha platform
areas to permit suited astronsuts to move axially ivn the hangar. Velcro,
snaps, hooks, and straps can be installed as required to enhance maintenance
operations. Rigid subsystems can be added once the hangar is deployed.
Deployment of the etructure will proceed as follows from the stowed
configuration (Figure 2.1-15). The stowed configuration, which is best
visualized as a "rolled-up sock," is nushed out of the stowage container by
nxtension of the astromsst which drives the covered docking port againat the
folded configuration (Figure 2.1-13 Stages 1 and 2). The air supply system
(toroidal tanks) shown is used to inflate the "Chinese Whistle" longitudinal
tube (Stages 3, 4, and 5). At this stage, continued inflation of the 64 mm
sandwich develops the configuration to Stage 6. Subsequant to completion of
Stage 6 the chemical process of the gelatin system provides final
reigidization of the shell. EVA is required to connect the tension straps
that stabilize the work platforms.

A potentisal problem is posed by the process used to package the structure
into the container. A vacuum bag is positioned over the sandwich structure of
the hangar shell. The vacuum bag is used to compress the foam sandwich. This
mey be the least understood part of the process. The rigid radial support
arms are stretched along the hangar axis while the hangar skin is pleat-
folded into a diameter compatible with the storage container, The inflatable
tube is added to the pleated skin. The collapsed hangar skin is now rolled up
like & window shade in the direction of the storage container. The rolled
matarial is placed into the container and the rigid radial support arms are
folded into position to hold the stored hangar in the rigid ~*n. The
potential problem is how to get rii of the vacuum bag after .anger deployment.
A further unknown is what is the best way to initiate the rigidization process.

A major concern is the lifetime of such 4 structure. However, GAC (hence
most likely any other firm) does not have sufficient test data to predict the
lifetime of the proposed hangar materials in the LEO environmeut. Psst
projects have indicatad a 5 to 10 year zarrestrial storage and service life
for these flexible structures; hpwewe:r, aaci! ac’ 1ul on-orbit test data are
evaluated it is rather diffi..lt co p:>tict 4 Zu yea: lifetime.

Stowage in the orbiter is accomplished as shown in Figure 2.1-15.
Supports can be provided on the docking port and the stowage container. The
packaged length is 4 m.,

2.2 OTV HANGAR CONCEPT ANALYSIS

The analyses performed to support the concept evaluation process are
briefly described herein.
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2.2.1 Micrometeoroid/Space Debris Shielding

Figures 2.2~1 and 2,2-2 illustrate the significant issues pertinent to OTV
+hielding from the meteoriod and space debris environments. Figure 2,2-1
Llustrates the vulnerable aress computed for the surface of the OTV. For the

tvironments and probabilities of no impact the particle sizes, for which
i +ielding i3 required, are thown. Unqucstionably, there is great uncertainty
‘~ the validity of the debris model. Also, many Space Station system

agine.cs believe advanced detection of such large debris particles and
svoidance is praferable to attempts at shielding. The prediction 9f required
stielding has the additional uncertaincy illustrated by Figure 2.2-2, Section
A-A. For one m wide platforms, the OTV shell is approximately 1.2 m away from
the hangar wall, All the existing ballistic data for micrometeorcid particles
are baced on conatructions in which the shielding is appreciably cl. ser than
l1.2m, i.e., 0,05 to 0.1 m. There is no data at all for debris. In view of
all the foregoing uncertainties, no analyses for debris was attempted.

For the micrometeoroid environment, the following analysis results are
pertinent.

o The aluminum single-sheec thickner: for Po = 0.99; for no penetration
by a 7.4 om diameter micrometecrr.J, ig 2l.6 mm

o The combined effective sheet thickness of the OTV expected space-~based
construction shown is 3,2 mm

o For the total hangar wall crustruction the required bumper ballistic
efficiency is 21,6/3.2 = 6.74

o The current ballistic efficiency for 50 mm spacings is 5; hence for
1.2 m, a value of 6.74 is readily achievable

The impiications of the above are as follows:

o It is expected that all designs can be suitable for micrometeorocid
protection

o The outer-shell mass required to provide protection may be lesr for
designs with the greatest construction depth, thus providing yreater
cargo bay location flexibility. This is demonstrated as follows:

¢ A linear mass variation of 1078 to 2156kg/m satisfies
the lauch envelope

o A T-bar comparable to 1078 to 256 kg/m stowed in 3 m
varies from 3.6 to 7.2 mm (0.25 in.).

Hence lightweight designs such as a T-bar of 3.6 mm can be placed anywhere.
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OTV Hangar Man-Made Debris

and Mic.ometeoroid Design Implications
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SECTION A-A

Figure 2.2-2,
Uncertainties for OTVH
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2.2.2 Stress Analysis Review

All nf the described designs were reviewed to satisfy structural design
suitability. It is apparent the OTV hangar, during operation has minimal
strength and stiffress requirements that are achievable with ail the designs.
The main output of the review was the inclusion, in the design, of all
neceasary structural components to satisfy astronaut foot loads, hard loads,
placement of lighting and black box equipment, and OTV docking loads. The
most stringent structural requirements occur during launch. A loads ard . '
stress analysis of the configurations was obviously beyond the study scope.
However, during the development of each concept, the design was revieved and
driven to provide assurance of launch suitability. For example, Concept 2
required a retention cradle.

2.3 0TV CONCEPT SELECTION

Table 2.3~1 illustrates the selection process criteria used to evaluate
the relative suitability of the five concepts developed. Tables 2.3~2 through
2.3-6 present the actual evaluations pertormed for each of the major and
subselection criteria listed in Table 2.3-1. Table 2.3-7 provides a
normalized summary of the major criteria 1 through 5.

Concept 4, the erectable design was selected on the basis of the data
contained in Table 2.3-7 and the following judgmental observations:

o While Concept 1 is close (343) in total point value, its cost is 38.8
million higher

o In comparison with Concept 1, the erectable design has the highest
potential technology tranafer to other large deployable volumes .

o While the inflatable design has great growth potential, the suitability
of the proposed rigidization system is uncertain with no apparent
potential for on-orbit remedial action in the event of a problem.
Further the on-orbit life of the inflatable comstruction is not known.

It is also pertinent to mention the following additional observations. i

0 The current srectable design demonstrated the advantage of an erectable
OTV hangar, but may not necessarily be the best erectable design. H

o The on-orbit estimated comstruction time of 210 hours, with an EVA cost
of $3.15 million, can be reduced through use of automatic latches and a
rotating platform.

EE L O VRPN

o A future study to resolve the zbove, directed toward development of a
point design, represents the next logical step
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Table 2.3-1.

ORy
o

¢/3
R Quas 'S

OTV Hangar Selection Process Critervia ITY

(1) RELATIVE COSTS (§ MILLIONS)

® LAUNCH ¢ TECHNOLOGY GEVELOPMENT
® FABRICATIOK & EXTRA VEHICULAR ACTIVITY

{2) DESIGN VERBATILITY

® CAPABILITY FOR
~ GRAOUND INSTALLATION OF EQUIPMENT
- ON-GABIY INSTALLATION OF EQUIPMENT ON SHELL
- ON-ORBIT INSTALLATION OF EQUIPMENT ON PLATFOAMS
~ ADDED PLATFORNS

® POTENTIAL FOR SIZE GAOWTH
{3) OABITER INTEGAATION

& CONSTAULTION SUITABILITY
¢ CAAOCLE COMPLEXITY
® LAUNCH LOCATION FLEXIBILITY

{4) RELIABILITY OF STRUCTURAL RIGIDIZATION

& SIMPLICITY OF JOINING

& CAPABILITY OF REMEDIAL EVA

& CONTAOL OURING CONSTRUCTION

& NUMBER OF MOVING PARTS/FUNCTIONS
® CONFIDENCE FRGM GROUND TESTS

{6} DESIGN/EVA/TECHNOLOGY DEVELOPMENT/LIFE RISKS

® LEASY DESIGN RISK

& MINIMUM EVA AISK

# MINIMUM TECHNOLOGY DEVELOPMENT RISK
® MINIMUM STRUCTURE LIFE RISK

Table 2.3-2. Relatlive Costs ($ Millions)

TOTAL
LAUNCH POINTS
PACKAGE MAKT MUK
LENGTY TECH, F
| concerr {m) cosT* FAD. nEV. BVA TOTAL, 100
I
@ 5.8 23.5 2.0 - 0.5 26.0 81
@ 3.8 15.0 2.0 - 0.8 17.8 80
©) 14.5 80.8 1.8 - 0.3 63.6 0
® 3.0 12.8 1.0 0.5 3,2 17.4 100
@ 1.0 16,8 0.5 2.8 0.3 20.3 92
*Luunch cost for FY 1884 la $77 million,




Table 2,3-3,

ORIGINAL PAGE !5
OF POOR QUALITY

Design Versatility

CAPARILITY— .
CAPARILITY— CAPARILITY~  |ON-OASIT INSTALL. | CAPARILITY FOR
GAND INSTALLATION [ ON-ORRIT INSTALL.]  OF €QuIPMINT ADDED POTENTIAL FOA
OF LQUIPWENT  [OF CQUIPON SHELL | OM PLATFORMS PLATSORNS $42L CHOWTH -
| _Jromurs | waun [ roints | aax Jrowrs | wax [ rowers | mam ] roints 1 roinTY
WL, POINTS ML POINTS ML, POINTY WAL, POINTS MY POINTS | HAXINUN
LONCEPT 10 30 30 ] 0 f0
Q| a s 2 18 ! 20 1 . 3 o 1
©) 3 o 8 ‘ 3 e s 3 3 v 23
@ 1 10 1 20 i 20 1 10 3 ‘0 go
@ 3 0 3 14 3 16 3 o a 11 a2
® 3 a 4 7] a 16 a 8 1 20 86
Tahle 2.3~4, Qrbiter Integration
CONSTRUCTION | CRADLE LAUNCH LOCATION
SUITADILITY COMPLEXITY FLEXIDILITY® ToTAL
RANK POINTS NANK | POINTS RANK | POINTS | poINTS
MAX. POINTS MAX. PDINTS NAX, POINTH WAKTMUN
CONCEPT 10 10 an 50
——
) 1 10 1 10 1 30 50
©) ) 3 5 3 1 10 16
©) 1 10 1 10 5 ) 20
O] 1 10 : 10 2 20 10
@ 1 10 1 10 1 30 50
*Dus to weight implication I'rom moteooreid shiolding requiroments,
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Table 2.3-5.

ORIGINAL paGE 19

OF poo

R QUALMTY

Reliability of Structural Rigidization

' CONTROL, CONF 1DENCT
SIMPLICITY OF |  CAPABILITY OF OUN ING W. OF MovING | Fnom caoune
J0INING AUMEBIAL BVA | cONSTRUCFION | paAATS/rusCTioNS “qesTY ot
anin Jromrs | omawx froawrs | max [ roowrs | manx [ rosnrs | wawe | rotwrs | roinrs
MAK, POINTS MK, POINTS WX, POIITS MAK. POINTS WAL, POINTS | maximm
comEPY 10 30 10 a0 20 100
@ 2 3 2 3 2 4 10 2 16 84
@ 3 4 18 1 to 5 8 2 an on
@ 8 2 24 1 10 3 10 1 10 88
G) 8 1 10 1 10 a 14 2 28 go
® 10 s 0 4 ) 1 20 s 10 .7
Table 2.3~6. Design, EVA, Technology Development,
and Life Risks
LEAGT NIHINUN MIN, TECHNOLOGY |MIN. STRUCTURK
DESIGN RISX EVA RISX DEVELOPUENT RISK LIFE Ri5K TOTAL
nank_ [points | nank [points| nank | points | nanx | pointa}  poinTs
MAX. POINTS | NAX. POINTS MAX. POINTS MAX. POINTS MAKINUM
CONCEPT 16 26 20 30 80
@ 4 5 1 20 1 20 3 26 7
@ 4 5 1 20 1 20 1 ¢ 75
@ 1 10 1 20 1 20 1 30 80
® 1 10 8 o 1 20 1 28 56
@ 3 8 1 20 5 8 5 o 42
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Table 2.3-7.

ORIGINAL PAQE 19
OF POOR QUALITY

Normalized Summary of
the Major Criteria

pesion ORDITER TOTAL
COST VENSATILITY| INTRGRATION |RELIABILITY R13K POINTS
MAX. rO1NTS | MAX. POINTS | AN, PoinTs | wax. porwrs | wax. moinrs | waxiuvu
00

CONCEPY 100 1 80 100 100 450
@ 8 89 30 ¢ B4 ap 343 ¢

@ T 2 ie aa M 08

@ 0 7y 20 88 v 100 ¢ 283
@ 100 ¢ o8 40 00 v 70 368 ¢

@ " 70 ¢ 80 a7 54 214

7 DIMOTLS COMCEPT HAS FIRST OR SECOHD HIGHEST POINT VALUE
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2.4 MANNED MODULE DEVELOPMENT

The manned module development consisted of defimition of the two baseline
modules portrayed in the Hockwell Space Station Configuration Studies
(Reference 7) and che development of hard shell and inflatable Zesigns that
each accomplish the total functions of the two baseline modules. This
approach was taken since it is compatible with the study goals, and ensure:
that the developed concepts could indeed be used in a Space Station
configuration such as Ias shown in Figure 2.4-1. This approach also assuresg a
p-oper comparison of the designs. For example, the two baseline modules
equipment (as best defined) was placed intc the two deployable concepts. The
msjor requirements were, of course, the same as tsbulated in Table 2.4~].
Attention is directed to the two goals listed in the table which are extracted
from Reference 8. Both of these goals are satisfied by the two deployable
concepts develcped., Figure 2.4-2 illustrates a potential Space Station
scenario utilizing the deployable modules. This scenarioc and the designs
devaloped were coordinated with Space Station project and design personnel to
asaure satisfaction of the w=jor requirements,

2.4.1 Baseline $pace Station Conventional Modules (Drawing 42712-6)

Figure 2,4=3 illustrates the major deeign features of the baseline manned
module design., Figure 2.4-4 illustrates the distribution of ECLSS, water
purif}catiou, power, and hygiene systems equipment.

The baseline module is a classical welded aluminum cylindrical shell
countaining at each end a torcidal transiticr section to a conical shell. Each
end of the conical shell contains a docking port. A horizontal floor is
provided that is constructed of integrally machined floor plates and supported
by longitudinal beams that span to three transverse beams. The three
transverse beams are attached to three external frames that are welded or
mechanically fastened (bosses) to the rhell. The floor plates will be
fastened to the shell to provide a shearflow path for the longercns that
attach to the Orbiter. The pair of longerons are provided at the floor level
and attach to the extension of the floor plates.

The outer snell construction is as shown in Figure 2.4~3, The array of
equipment mounted above and below the floor is shown in Figuve 2.4~4. One of
the major design goals is essentially a smooth inner surfaze of the module
wall to permit inepection and repair of micrometeorcid panctures. Therefore,
wmuch of the equipment, 1 to 2 m above the floor, may have to be supported by
temporary bracing down to the floor. This remains a future problem area since
the scope of the Space Station design has not evolved to that level of detail
as yet. A summary of the preliminary mass properties prepared for the
bageline module is presented in Table 2.4-2.

2.4.2 Deployable Hard Shell Manned Module (Drawing 42712-7)

Figures 2.4-5 through 2.4~7 illustrate the major features of the hard
shell manned module conceptual design that is equivalent to two conventional
baseline modules. For design commonality with an energy module, and for
docking requirementsa, a pair of conical shells using toroidal transition
sections are provided at each end of a central deployable section. If
neceasary, side docking ports can be installed on these end scructures to
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INITIAL
[o"3 70 & MAN CAEW]
SOLAN aaAATE
Sads CORCINTRATON ASTROUSNY
LousTIES SURVICE FACHITY

ORIGINAL PAGE 1S
OF POOR QUALITY,

ALL UP
[+"8 70 12 MAN CREW]

Figure 2.4-1. Evolution of Initia' to Growth
Space Station Configuratiron

Table 2.4=~1. Manned Module liajor Requirements

s LEQ

® 70 yesrs

® LAUNCH/PACKAGING

* Compatible with tho orbiter

o CREW

® 4 to 8 crewmen for 90 days
+ 2% days emergency

® ENVIRGNMENT

& 0.5 n/emZ and 18 10 240C

& RECUNDANCY

& Two separate pressurized compartmants
» Two routes for ingress/eqres

& MAXIMUM LEAKAGE RATE

o 0.22 Kgfday

® EQUIPMENT

o Life support squipmant
® Command Control Center
* Two docking ports

o METEORQID PROTECTION

® 1990 Kessier space dubris snd
NASA SPE013 micromateotaid mogsl

& RADIATION PROTECTION

0,50 gram/cm?

» Manned moduls dexign commanality {design goal)
e Compatibility with evoiution fram initial to growth configurstion
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gsgLOﬂlLt MODULE
KED

BASELINE ENERGY MODULE
WITH SOLAR ARRAYS,
RADIATOR & DOCKING
MODULE DEPLOYE

QEPLOYABLE MODULE
{(DEPLOYED)

ADDITIONAL LOGISTICS MODULE
gg;liazsﬂu MODULE BERTHED TO DEPLOYASLE MOOULE

Figure 2.4~2. Potential Space Station Evolution
Scenaric with beplouable Manned Modules

MANNED MODULE DESIGN COMMONALITY

HABITAT MODILE - 12.2 m LONG

RADIATORS

- CONSTRUCTION

COMMARD MODULE - 12.2 m LONG

ML FRAME COVER
4{ ENVIROMMENTAL SHIELD
BWPER || .77 om AL BUMPER/RADIATOR
suppoRT [ SUPPORT
25 %;lmﬁa \ { HEAT PIPE
. iF -
1 | RESSURE SKIN 5u‘m ENERGY MODULE - 6.1 m LONG
125 mm — 3.6 am ALUMINUM)
KAPTON e

Figure 2.4~3. Manned Modules Baseline Design Summary
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g .~ REFRIGERATOR & FREEIER

:E -~ STATER, ™
STATEROU™
éf—‘ STORAGE L UTILLITILS

5 INTERUECK ACTESS
STATEROOM

WASTE COLLECTOR . “‘;f " STATEROOM
HYGIENE FACILITY WORKSHOP/LABORATORY
VANG WASHER EQUIPMENT ABOVE FLCOR
EMERGENCY WATER FRASH COMPACTOK
’ EMERGENCY DLYGEN
HOY VATER - COLD WATER
l 1[ < SUPPLY CXYGEN

.4 PRESSURIIATICN
, JYSTEM

TR e e
T e
ade’a

& X a8

PURIFICATION EVAPORATON —F— B _ I
- SYPPLY NITROGEN
wsTE wATER %&?/ c:i\t:‘:\[:i"[_.[ ? cencencr

EMERGENCY NTTROGEM

{1 TANKS)
COLD MATER ~— . ALR CDOLING
HOT WATER et cuz REDUCTLON
QDOR CONTROL CATALYTIC OX1DIZER

OEMMIBIFIER™  FOUIPMENT BELOW FLOOR

Figure 2.4-4. Manned Module Conventional
Design Equipment Arrangement

Table 2,4-:, Baseline Conventional
Manned Module Mass (kg)

MASS

SYSTEN (Xg)

BODY STRUCTURE 475
INDUCED ENY, PROTECT. 857
LAUNCH, RECOYERY & DOCK. 222
ORIENT, CNTLS/SEP. & ULLAGE 42
PRIME POWER 0
PWR, CONY, & DIST, 159
GUIDANCE & NAYIGATION 0
INSTRUMENTAT [ON 207
COMMUNICATION 41
ENVIRONMENTAL CONTROL 2048
PERTONNEL PROVIS[ONS 1263
CREW STATIOW CNTLS & PNLS AR
RANGE SAFETY & ABORT T80
WEIGHT GROWTH ALLOW. 1682
PERSONNEL T80
CARGO 0
BALLAST T80
RES[DUAL PROF. & SERy. [TEMS | T8D
RESERVE PROP. & SERY. [TEMS T80
INFLIGHT LOSSES T8O

TOTAL GROSS MASS (Kg) 10,786
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STRONGBACK 1.8 m X 4.2 m
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CAPABLE QF SUSTAIMING

SECTION A-A DIFFERENT (AL PREZ URE
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CONF IGURATICN ¢ - o
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~

L FOLD DOWN PANEL
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% RADIUS ¢« 2.08 m
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WD CYLINDER
-=—HINGE LINE FLANGES W]TH
rOMF 1 GURAT 10N T SEAL & LATCHES —* FLOOR LINE
VIEW B-B - A
SIDE HIMGES EE—— SECTION C-C
Figure 2.4-5. D=p.oyable Hard Shell
Manned Module Concept
METEOROID BUMPER
25.4 mm WILTI-LAYER
INSULATION (ML)) . HEAT PiPE
50.6 wm
PRESSURE SKIN
(1.6 me ALUNINUM)
0.127 mm KAPTON COMFIGURATION
SEAL POLYPROPYLENE S1LICONE BONDED
INSTALLED POLYPROPYLENE SEAL HEAT T0 STRUCTURE SIDE PANEL SEALS

BY EVA BONDED TO SHELL

SIDE HINGE SEAL
HINSE AX[S

FULLY DEFLOYED

H 1N A CONTINUOUS STRIP

"I1PLOCK" BEAD SEAL
INSTALLED MANUALL'Y
AFTER FOLD DOWN PANEL
1N PLACE

" POLYPROPYLENE LINER
FABRICATED BY HEAT

SECTIUN B-B  BOWOING

Figure 2.4-6. Deployable Hard Shell
Manned Module Concept Details
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accommodate the Space Station configuraticn shown in Figure 2.4-s (bottom),
The deployable central section is comprised of a [.8B m high x 4.2 m wice x Y,2
m long strongback structure onto which the pair of deployable cylindrical
she.ls is mounted as shown. The radius of the shells are equal to 2.08 m with
hinge lines A, B, C, and D oriented along the entire cylinder length, The
folding of the cylinder to suit the orbiter cergo bay diameter envelope is
shown in Section A-:.. The four end bulkhe:id+ that provide closure at each end
of the pair of cylinders are shown in Viev B-B. Folding of the flat bulkheads
is accomplished such that each pair of fliip-out panels Ls folded inward about
the vertical hinge line and then together with the {old-down panels are folded
inward and tucked under the ceiling. Upon completion of all four bulkheads
the cylindrical shells can be folded downward through rotation about the ninge
lines A, B, C, and D. Deployment would be conducted in the reverse manner,
with deployment of the cylindrical chells accouplished by a pair of jackacrews
for each shell mounted in a non-obstructing area of the floor. Fuld-duwn and
flip~out of the panels and locking are accomplished by astronauts standing on
the st.ongback floors, securing latches such as shown in Section C-C and D-D
of Figure 2.4-8,

The structural design of such a4 structure to withstand prusaure induced
loads appears entirely feasible. The structural behavior of the cylindrical
section is essentially that of a double~bubble pressure vessel. As such, the
cylindrical shell exper.ences essentially PR loads, except at the ends where
local discontipuity moments will exist. The flat bulkhead design presents no
foreseeable unsurmountabl!e problema. There wiirl be, of course, a need to
extend the strongback structure inco the transition conical shell. The
strongback structure musr be designed to sustain any combination of loss of
press;:- ~ence, the flat surfaces of the strongback are designed to sustain a
peai . . atmospheric pressure differential. It is expected that numerous
Craa evee bulkheads will be used to permit satisfaction of this requirement,
“he sunch attachment fittings will also be mounted onto the strongback
sCructure.

The construction ueed tor the outer shell is identical to that defined for
the baseline design, and is shown in Figure 2.4-6, The end bulkhead panels
and strongback will be integrally machined panels stiffuned by mechanically
fastened beamg gimilar to the flat vulkhead of the STS urbiter crew module.

Figure 2.4-7 illustrates the packaging of all the identified baseline
configuration equipment. Much of the equipament is packaged in the volumes
between the ceiling and cylindrical shell and between che two tloors, i.e., in
the strongback., No problems pertinent to packaging of this equipment in these
regions was uncovered. However, it is apparent from Section A-A that equip-
ment can only be packaged between the ceiling and strongback as shown on

Figure 2.4-7. This cquipment must be rearranged and secured after deployment
by astronauts.

Any of the foregoning design concerns all appeared to have acceptable
potential solutions. However, the requirement of maintaining the total module
leakage to no more than 0.44 kg/day (Reference 8) appears most difficult in
view of the following comments.
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© The STS orbiter crew module structure mexsured leakage rate is 4.9
kg/day, 1.e., more than 10 times the requirement. While it is
appreciated that the crew module has a large number of electrical
penetrations and many large area windows the minimization of leakage to
0.44 kg/day represents a significant challenge.

© The magnitude of the challengr can be visualized by noting that the
total equivalent leakage area ip a module at =tmospheric pressure
cannot exceed 0.12 mm (0.0J47 in) in diameter to maintain a leakage.
rate of no more than 0.44 kg/day. Some of th!s may be used up at the
docking port seals.

During the concept development several concents to seal the cylindrical
hinge lin:s, end bulkhead hinge lines, and fold-out panel to cylinder mating
surfaces were investigated. These concepts are summarized in Figure 2.4-8,
These designs, however, cannot satisfy the above discussed requirements at the
intersection of two hinge lines. Therefore, the seal recommended is the
deaign shown in Figure 2.4-6. This seal consists of a continuous polypropy=~
lene membrane across the flat bulkhead and ends of the cylindrical shell as
shown at the left and in detail as shown in Section B~B, The cylindrical
hinge lines A, B, C, and D ar~ sealed by the hinge sideseal shown. This seal
concept nevertheless involves EVA installation of the membrane after
deployment of the st ucture.

An alternative seal configuration that would be in place during launch
would have to accommodste the inward motion of the fold out panels, i.e., be
sufficiently oversized. This may be the best solution yet, but i= beygond the
scope af this study.

2.4.3 Inflarable Manned Module Design {(Drawing 42712-8)

The major fratures of this design concept are summarized by Figure 2.4-9
and 2.4-10, The same concept as that of the hard shell structure previously
described is used in regard to the end conical shells and center section
strongback. However, in this design the center 3tructure coasists of a pair
of inflatable shells attached to each side of the straongbhack by an end
attachment such as shown in Section B~B. The configuration of the center
structure is a pair of cylindrical shells capped by an ellipsoidal dome. The
cvlinder radius is 2.08 m, and the dome deptn is 63% of the shell diameter.
The construction, recommended by GAC is a fabric consisting of Nomex
unidirectional cloth coated with a Viton B-50 elastomer. Goodyear has
qualified this material to the requirements of the NASA Space Shuttle orbiter
crew cabin and Spacelab module.

An even number of multiple layers of the Nomex/Viton B~50 qualified
material will be laminated together until adequate strength is obtained. the
aluminum foil layer was defined as a flame barrier in earlier GAC studies.
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The mass distribution of this construction is shown below.

MATERIAL MASS

ITEM GM/CM2 LB/FT?
T
#LUMINUM FOIL LAYER 0.002 0.0041
ADHESIVE 0.005 0.01G2
STRUCTURAL LAYER 1.370 2.810
TASLAN INTERLOCKIN
LAYER & ADHESIVE 0.024 0.049
ONE IKCH POLYURETHANE FOAM 0.080 0. 164
ADHESIVE 0.005 0.0102
OUTER COVER AND THERMAL
COATING 0.031 0.C54
TOTAL 1.52 3. 11

Figure 2.4-9 also illustrates the deployable radiator counfiguration which
s.rves as a meteorvid bumper. This is necessary since radiators cannot be
mounted ont the flexible structure.

Figure 2.4-10 illustrites the mounting of the miscellaneous equipment into
the module. While less space is available in this module than the foregoing
hard-ghell degign because of the domes, all the baseline equipment identified
was packaged.

Pertinent to the inflatable design the issues of crew protection from
radiation material flammability and offgassing, comstruction life, crack
prevention propagation, and sealability are discussed as follows.

2.4.3.1 Radiation Protection

Since the inflatable shell material is projected to have a mass of 1.52
gm/cm?, its mass is considerably above the 0.50 gn/cm? considered adequate
for radiation protection of the crew.

2.4,3.2 Flammability and Offgassing

S5ince fluorocarbons have bLeen tested successfully in the past for
flammability and offgassing, it was believed that Viton was a good choice for
an elastomer. The above items, in conjunction with the fact that the early
development units made by McDonnell Douglas had used Viton end had been
approved by NASA, led to the selection of Viton as the elastomer for the
Goodyear flex element. “ue to processability the specific Viton selected was
Viton BE-50. Several comtinations of elastomer and cloth were submitted to
NASA via MDTSCO for evaluation. The results showed that the Viton B-50
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elastomer and Nomex cloth would pass the flammability and offgassing test as
called out in NHB8060.lA (Reference 9) by being subjected to an au*nclave
cure, post cure and vacuum bakeout, Therefore, it is anticipated that all
flammability and offgassing requirements of the program can be met,

2.4.3.3 Lifetime

None of the environmental conditions which the Spacelab tunnel flex
element must withstand were very gevere compared to that of a Space Statiog
modi:le. Most elastomers could survive the operational enviromnment imposed on
the flex element. There were, however, two significant requirements that led
to the selection of Viton as the elastomer: 10-year life and offgassing/
flammability requirements. Viton is known for its long life at elevated
temperatures; and, since there was no elevated temperature requirements on the
flex element, the life would be well in excess of ten years. {Elevated
temperature is used for accelerated aging testing of rubbers.) Characteristic
dry heat resistance of volcanizates of Viton in continuous service is
considered to be greater than chree years at 230°C.

For comparison, conventional elastomers would be brittle after one day at
230°C.

Other characteristics of Viton which make it an excellent selection are
its weatherability and fungus resistance.

GAC quotes their elastomeric products as being good for ten years under
reasonable, uncontrolled terrestrial storage conditions. This includes such
items as diaphragms, seals, pillow type tanks, fuel cells, flotation bags,
uprighting bags, impact attenuators and similar structures. After this
storage, these products can provide five years of service, generally.
Diaphragms and seals usually provide 18 to 20 years of service.

Obviously, further tests are required for on-orbit life but it is believed
that the Viton B-50 elastomer has the best chance to meet the desired 20-year
l.fetime.

2.4.3.4 Crack Propagation Prevention

GAC has conducted pressure tests on the flex section for the Spacelab
transfer tunnel to verify the constructions stability in the presence of
detectable damage. That same construction is proposed for this manned module
but with more plies since the limit circumferential loading is 2100 N/cm (1200

t/in). With the increased number of plies in this manned module the stress
levels should be comparable. For a damage totally through the construction
the crack propagation resistance should be similar to that of the tested
design.

The purpose of the leak-before-burst test was to demonstrate that the
design of the flex element is stable under limit conditiors with readily
detectable damage.

The leak-before-burst test involved inducing a 12.5 mm cut completely

through the flex element while at an internal pressure of 11 N/cm2. The cut
was oriented perpendicular to the yarns of the ply that was loaded.
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The blade used was double edged, 12.5 mm wide, and came to a point. Tt
was mounted on a4 pneumatic actuator such that once the blade penetrated the
unit, it couly be withdrawn and the pressure maintained for four minutes. The
leak-before~burst test was filmed for documentation. Visual examination of
the cut after the test revealed that the cut did not grow beyond the initial
cut length.

The design was stable under limit pressure and Aisplacement conditions
when a readily detectable damage consisting of a 1z.5 mm slit through both,
plies was intentionally inflicted on the unit. This represented a successful
completion of the leak-before-burst test.

From the foregoing the suitability of the comstruction to sustain
micr-rometecroid punctures is quite likely (particularly over the surface
shielded by the radiators. The suitability to resist space debrisg particles,
ag for the metals, is nnt known.

2.4.3.5 Sealability

The two potential sources .f leakage are through the basic construction
and/or at the flexible seal. While GAC has demonstrated by test the leakage
of the flex section of the Spacelab transfer tunnel to be no more than 0.050
kg/day that structure has a surface area approximately 1/100 that of the
manned module. In its favor this construction has an increased number of
plies. On the other hand this capability after 5, 10, 15, or 20 years in
space is not known. While the perimeter ratio of the flerxible seal is only
1/6 that of the manned module the radial deformation tending to cause leakage
is {for the same stress) approximately 20 times greater. The uncertainty is
apparent. What is certain is that the requirement of 0.44 kg/day is
representative of a total integrated hole size no larger than 0.12 mm {.0047
in.) if no leakage occurs elsewhere (at the access hatches}. Until
development tests are accomplished that are directly related to this
application the leakage rate is an unknown.

2.4.3.6 Meteoroid/Space Debris Issue

It was stated earlior that a micrometeoroid puncture is not expected to
precipitate a catastrophic failure. Figure 2.4-11 illustrates the pertinent
data concerning the potential for puncture and repair of the shell. Since the
radiator configuration serves as a bumper over mcst of the projected area
(Figure 2.4~9) the analysis i1s performed on that basis.

For tne surface area quoted, and a 20~year exposure, there is a
praobability of 0.99 that no impact will occur for a particle size greater than
5.9 mm in diameter. This particle, for no puncture, requires an aluminum
single sheet thickness of 29.5 mm. For a bumper ballistic efficiency of 5,
the equivalent thickness required of this construction is 5.9 mm (0.23 in.).
The polyurethane foam, having & density of 0.031 gu/cm3 (2 1b/ft3),
behaves like an aluminum sheet 4.3 mm thick. This is based on the following
data provided by GAC.

"Based on hypervelocity particle impact tests conducted by Goodyear
Aerospace and on tests conducted at the micrometesrite testing facility at
Wright-Patterson AFB, flexible foam with a .0l5 gm/cm3 (1.0 1b/ft3)
density has been selected as a suitable barrier material. The tests at
Wright-Patterson were conducted with a particle that had an average mass of
0.005 g, traveling at 8232 m/sec (27,000 ft/sec).

2~34

—



E9
ORIGINAL PAG
OF POOR QUALITY

® PARTICLE ENYIRONMENTS

'

M| s.o
VELOCITY (Iw/lsc) 20 10
OENSITY (gm/omd) 0.5 2.8
DIRECTION [onu unl.
MICROMETEORDLD SPACE DEBRIS
{sp 8011} LOG g = -12.00
LOG @#=-14.37 - 0.75 LOG m
=1.213L06 m {KESSLER, 199¢}

i b I 1 1

~-10

8 6 -4 -2 0 2
LOG MASS (m) CRAMS

® YULNERABLE
SURFACE AREA; -8~
600 .
-9
& VULNERABLE .
PROJECTED @
AREA: g $-10
170 m T
Q m -1l F
-
3
e =12
37}
® PARTICLE SIZE (PROB. OF MO IMPACT = Po) 513
25.4¢ &
< g -ur
3 20,3 SPACE DEBRIS
- {Pg » 0.99) "5‘2
= 1sefk MICROMETEORDID
- (Po . 0.99)
1 10.2
L %) —
& | BRI
g Sl {Pg » 0.5¢}
0 2. i r
10 20

DESIGH TIME (t} YEARS

Figure 2.4-11.

Manned Module Man-Made Debris
and Micrometeorcid Design Implications

ke e



Both series of tests indicate that a foam barrier has the same effective-
ness as a single sheet of aluminum with 15 times the mass per unit area."

It 1s expected that provision of a foam with increased denaity can provide
the required stopping power. Based on this it can be gaid that for a life of
20 years the probability of a puncture occurring that requires repair tg
0.01. Such a puncture can be repaired.

The problem of space debris for this structure as the hard shell, is
ill-defined. To assure that no catastrophic crack propagalivn wiuld
initiated by impact of a space debris particle, the size, denstiy, and speec
properties of the particle must be explicitly defined and b llustic ests gust
be performed upon candidate constructions in pressuri.ed zonfipuritions:

A brief summary of the foregoing is as follows:

o There ig no on-orbit data to a confirm 20-year-!ife suitability of ¢ e
wall construction ut.ilizing a Viton B-50 elastouner.

o GAC prior test data do nct resolve the question of the 10 to 20 year
seal capability of the basic wall coastruction (maximum leakage
requirement of a4. kg/day).

o Micrometeoroid impact is not expected to be a problem with the use of
radiators as a bumper.

0 The construction suitgbility for space debris is not known.
y p

o Crew raaiation shielding, material outgassing, and nonflammability
requirements are satisfied by construction.

2.5 DEPLOYABLE MODULE MISCELLANEOUS COMMENTS

The following general comments are applicable to both deployable module
designs.

o Both deployable configurations can satisfy the manned module crew
safety, volume requirements, design commonality, and growth evolution
requirements.

o Each configuration requires 16 w of cargo bay, compared to 23.3 m for
the two modules. The potential launch cost savings is $39.0 million
(1984 dollars).

6 An extrapolation of the Space Station baseline manned module wnass
(Table 2.4-2) results in a potential maas of the deployable modules of
23 kg to 25 kg.

© For the c.g. at orbiter Station 982, the maximum cargo launchable mass
is 19 kg, but an aftward shift of the c.g. of 0.8%9 m can be
accomplished with 4 to 5 kg ballast or additional equipment. This
permits the launch of a 29.5 kg mass.

o Both designs require additional on-orbit cost of installation of
partitions and systems at a rate of $15,000/hour.



2.6 MANNED MODULE SELECTION

o The capability of either hard-shell or inflatable deployable designs to
satisfy the minimum leakage requirement is very questionable., A 2.2
kg/day additional leakage amounts to 16,600 kg over 20 years which
alone negates the initial launch savings.

o While the inflatable design has the best potential, with technology
development, to satisfy the leakage requirements, no data exist to
confirm a4 20-year life of the constructicn.

0 Any launch coat savings will be reduced by increased structural
complexity, seal technology development, and on-orbit cost of EVA for
equipment installation.

Hence, it is recommended that the conventional baseline design he
maintained until the technology development (f seals can provide assurance
that the requirement of .44 kg/day can be satisfied. Also, no further
conceptual effort is recommended until Space Stetion configurations,
requirements, and criteria are more accurately defined.
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INTRODUCTION

During the next decade, a revclution in apacecraft design will occur,
resulting in large space platforms tha* will accommodste multiple payloada.
Cost savings to users will occur through sharing of spacecraft utilities, ease

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 aystema ia the most significant
tachnology step in the direction of realizing these platform capabilities.
Although the Shuttle allows payloads with muca larger dimansions than other
launch systems, the large dimensions of the platforms will, nevertheless,
require exteneive structural deployment to package it within the orbiter.

Much of the previous industry effo t in large structurus concentrated on
orbital conatruction 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 jintegrating
aspacecraft utilities in nrbit from the Shuttle. These atudies pointed up the
difficulty of erecting or comatructing large platforms from the Shuttle.
Consequently, ground integration of utilities into a deployable structure was
nelected by NASA as the first logical approach to platforms. NASA/MSF( haa
proparsd a five-year plan to achieve technology readinesa of deployable
platfore systems by FY 1986. Phase I of that plan ia to identify the one or
two most suitable deployable platform systems (Part I) and establish all the
informetion necessary to plan and execute a follow-on-hardware development
test program (Part II}). On Qctober 16, 1981 Rockwell initiated the study
activities in aupport of Part I, wi’h completion $ months later - on

July 16, 1982, Sections 1 through 4 of this interim report deacribe tha
Pertinent study accomplishments for Part I.

Puture missions such as the manned space platform require both pressurized and

umpressuri zed volumes, respectively, for crew quarters and manned
laboratories, and maintenance hangars., Deployable volume enclosures can

minimize launch coste and enable use of volumes greater than those which can
bte trarsported by the Space Shuttle orbiter. On April 16, 1982, Rockwell
initiated & 3~month add~on study cof Deployable Volume Enclosures with the
objective of identifying generic concepts for manned habitata, tunnela and 0T
hangars. 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,
Auguat, 1982.

. - A R » . . L



DESIGN APPROACH

The design approach employed in thie atudy of deployable platform syastema 1=
developed to satisfy the objectives and guidelines as follows:

Objectives

- 0 Development and evaluation of ganeric deployable platform system
concapts applicable to the focus mission LEJ/GEQ applications and
foreseeable applications for the 1990 to 2000 time period

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

a Identification of the new technology development needa, achedules,
and costa
o Systematic/traceable selection of the one or two most suitable

generic concepta
Guidelines
0 Aytomatic depioyment - minimum EVA
0 Platform system ~ not just & structure
0 FY 1986 technology readiness ~ teat-proven hardware
o Generic -~ not a basepoint design

o Versatility - can be used to build spacecraft of different
configurations; “building block" approach {self-contained modules)

0 Digtinction between LEO and GEQ designs
o Adaptable for a wide range of payloads

of the abova, the guideline of automatic deployment was the major design
driver.

The entire concept development is directed toward automatic deployment of the
entire platform sysatem without use of a construction fixture or EVA., This
approach is illustrated in Figure 1. The deployabdble platform aystem is
comprised of meveral building blocka which are preassembled before flight to
provide the defined spacecraft confi iraticn. FEach building block contains
the deployable truss; integrated power, data, and fluid lines; a main houaingi
adapter; and deploymert mechanization syatem. Attachments for payloads,
reaction control system (RCS) modules an< docking ports are provided on the
main housings or adaptera. The packagel platform system can be integratad
into tae orbiter with a pallet that serves as & control system module and
containa batteries and telemetry, trackdng, and command (TT&C) equipment. The
gystem can be removed from the orbiter by the remote munipulator system (RMS)
and placed on a handling and poaitioning aid (HAPA) or, depending on
configuration, a3ize, and shapes, utilize both RMS and HAPA during the initial
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deployuent stages and during control syastem chackout. Subsequent to control
system checkout, the platforma can be tranaslated away from the orbiter (100 to
200 meters) for complation of the automatic deployment phase.

Toied
Stage of
Daployment

ADAPTERS

4

STRUCTURAL
CONCEPTS

UTILITIES -
INTEGRATION HOUS INGS MECHAN{ ZATION

Figure 1. Deployable Pl ‘form Systems Concept
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A major factor in the atudy approach is the requirements. Unguestionably, the
regime of atrength, stiffness, and utilities requirements is a major
consideration. The requirements are sxtracted directly from the tnree focus
missions (Figure 2, References 1, 2 and 3) and supplemented by Rockwell

analysis and recognition of other potentisl applications.

Focus Mission Configurations

Configurations

Figure 2. Focus and Miscellaneous

- e -



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 atrength, stiffness, electrical, and fluid utilities
requirementa and additionsl requirements encompassing - structural temperature
limits, guidance and control, poimting sccuracy, and propulsion were
eatablished. In Subtask 1.2, the generic configuration (to sorve as a study
tool) consisting of linear members was configured depicting the platform
size,gensral arrangement, utilities distribution and docking porta. Also,
investigation of an area platform constructed in such s manner that plate
behavior is developed, resulted in termination of that concept for the resasocns
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delinsated in Section l.2. In Subtaeks 1.3 and 1.4, eight candidate structure
concepts with integration ol utilities, and concepts for deployment
mechaniams, housings to contain the mechanisms and structure, and adapters for
payloads ware developed.

All the concepta were integrated into eight building-block concepts. The
eight building blocks were compared on the baais of packaging the generic
platform into the orbiter, with aupporting parametric atructural, thermal,
mass properties, metecroid impact, and coat analyses. The results of these
Enalyses are tempered by the consideration that the generic platform and
requirements represent one design condition in the spectrum of platform
applications. Tn fact, the generic platform and adopteu atrength, stiffness,
and utilities requirement are at the uxper end of the spectrum of foreseeable
requirements for moat platforme.

In Task 2, candidate materials most suitable for the deployable platform
system componenta vere identified, with establislment of a data base for thease

candidates. The data base is comprised of 10 tablea of mechanical and
physicel propertiesa.

In Task 3, new technology development needs were identified, prioritized, and
scheduled, including the development cost eatimateas. Of the 16 new techmology

items identified, no show-atopper ia apparent.

The foregoing data were used in the concept selection process of Task 4. The
concept analysea compared the designs on the tusia of design versatility,
coat, thermmal stability, meteoroid impact suitability, reliability,
perfomance predictability, and orbiter integration suitability. Thia
selection process methodology, in conjunction with judgmental evaluationas,
resulted in the selection of Concept 6A, (Figure 5). The major features of
Concept 6A are summarized as follows:

o Building-block approach for automatic deployment of platform systems

0 Square shaped truss - most suitable for inter-building-block
attachments; mounting of payloads, docking ports, and propulsion

modules; and provides redundancy for meteoroid impact.,

o Circular tubee for all truss members - minimum cost conatruction for
graphite composite construction

o Minimal complement of utilities mounted on longerons
o Trays for mounting of large complement of utilities - ease of

initial installaticn, repair, replacement during total ground
fabrication period - minimum truss structural design conetraints

imposed by utilities integration.
o Square-shaped housing with reciproceting deployment mechaniem

o Bay-by-bay deployment (to facilitate identification of deployment
problem, if it occurs)
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LONGERONS -

UTILITY TRAY

0

UTILITIES INSTALLATION
DETAI OF JOINT

Figure 5. Square Truss with Modified Longercns (Concept 6A)

Rail aystem for root strength during bay-by-bay deployment - permits
orbiter berthing and orbiter vermier reaction control esystem (VRCS)
firing {if neceasary). .

Adaptera for mounting of payloads with automatic electrical
connector interface '

Payloads and propulsion modules attached using RMS

An example of a posaible configuration achievabls with this concept that ia
conatructed of 1.75 and 2.7% m deep trusses is shown in Figure 6,

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

[+}

Deployable platform systema technology readiness for FY 1986 period
is quite feamible (with appropriate funding)

Tha building-block concept utiliezing Concept 6A can effectively be
used to construct LEC/GEO platforms

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

BASA/MSPC goal of automatic deployment of platform system (not
including payloada, RCS modules) is achisvable
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PAYLOAD BAY

J‘ B “. ! !' g )
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- , B
\\P 1.75M SQUARE TRUSS STOWED I
PAYLOAD BAY 2.75M SQUARE TRUSS | 1om |

-—— 4 _37M DIA

7 -
\m D DEPLOYED
\‘\\“ » NO RECRIENTANION OF

BUILDING 8LOCK REQURED
Figure 6. Possible Configuration (Concept 64}

0 All candidate building-block concepts, mpplied to generic platform,
are packageable into one orbiter and are well within 20,000 kg
launch capability (28.5° inclination, 210 nmi)

0 The selected concept accommodates the upper regime of platforms size,
utilities, and adopted strength requirements and is applicabla to
arge range of reduced requirements

5 commodation of adopted stiffness requirements is dependent on the

rusolution of "Joint Slop” issue (most platform applications will
have atiffneas requirements well below adopted values)

o No foreseeable unresolvable technology development requirements

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

Pigure 7 summarizes the major accomplishmenta of the Add-on Deployable Volume
Enclosures Study. The Space Station studies currently being performed at
Rockwell are used for the establishment of requirements and applications for
manned habitata and OTV hangars. Eight habitat and seven 0TV 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 dasign
issues and new technology development requirements were identified.

The major conclusions drawn from this atudy are as follows:

0

The application to habitata appears attractive - large userul
volumes are achievable

Metallic atructures {can be sealed) can provide ample meteorcid,
radiation protection, and equipment mounting aurfaces, but are

conatrained by pressure loads/packaging requirements

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

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

Materials are suitable to crew safety/space snvironment; foam
micrometeorcid atopping power ia comparable to exiating data;
repair of punctures or use of meteoroid bumper is feaaible; and
adeqaate protection of the crew from radiation can be provided.

Hangar requirements are ill-defined - OTV meteoroid protection alone
ia not sufficient justification

Most attractive OTV hangar concepts appear to be metallic

deployable/erectable or inflatable with foam core (provided
atiffness is adequate)

11
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1. CONCEPT DEVELNPMENT

Tiuis mection describes the atudy concept development accomplishments which
include establishment of platform system requirements (1..), development of a
generic aspacecraft configuration (1.2), development of the building-block
component concapta (1.3), and integration of thess components into eight
candidate building blocks (1.4). Section 1.4 also describes the application
of tne building bloclks to the generic platform; packaging of the platform into
the orbiter; and the comparative atructural, thermal, mass properties, and
cost analysis performed for the Concept Selection Trade Study ’4).

1.1 DEPLOYABLE PLATFORM 3SYSTEMS REQUTIREMENTS

This cection describes the generic platform system requirements extracted
either directly from the t.rse focus misaion 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 studier sere contacted for
additional information and/or clarification.

The three focus mission studies provide four platform configurations ca sho'n
in Figure 1.1-1. Since Geoatationary Space Platform (GSP) Altesrnative 1

G5P ALTERMATIVE &

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

1-1
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represents a configuration entirely conr . table with either astromasta or
supermasts, emphasi~ was placed upon the USP Alternative 4 configuration which
represents the high ... of the spectrum ia terms of size, strength and
atiffnesa requirementa. This configuration is comprised of three modules
individually transferred to and joined tugether in GEO. Two of the largest of
theae three motules are shown in Figure 1.1-2. The information ahown in
Figure 1.1-2 /. d mass distribution data were extracted from the several books

of Volume II, Reference 5.

Filgure [.1-2, Modules 1 and 2 of
GSP Alternative 4 Configquration
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Additional to the supplementary analysis required to completely define the
requi rementa for the missions, {t was necessary to underatand the darivation
of the most severe requirements in omer to assess the applicability of these
requirements. The amcssament was tempered by the considerction that this
study is a tecu.ologr development contra:t, with extension of the technology,
as practicable, being a major goal. PFurther, many »f the requirements astem
from conditiona whers two equally possible alterna*ives to the design can
exint and are dependent on the particular spacecraft configuration and syatems
tradea. For example, thermal control of paylocads can be accomplished with
dedicated rudiators at each payload or with the use of a central radiator and
coolant lines integrated into the deployable structuve. In such cases, in the
the absence of any other information, the alternutive requirement that
advcnces the technology (in thia csase, integration of coolant lines into the
structure) is included.

1.1.1 Strength apnd Stiffneas Requirements

Table 1.1-]1 summarizes the streagth and stiffness requirements for the focus
mission apacecraft configurations. The data shown were obtained by a
combination of direct extraction from the focus misgion documente and

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

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

PLATFORM

pA;::2;;;‘"‘"*“‘“"“‘--~J $PS { ASASP | GSP ALT. 1 | GSP ALT. 4
DEPLOYARLE STRUCTURE MODULE

® FLEXURAL STIFFNESS (Nm?) 17.3x 108, [ V8,0 x 108, 2.8 x 105, ] V2.8 x 108,

* TORSIOMAL STIFFNESS (NmZ) 4.4 1100, | Vi1 x 10?7 8.2 x 10% Viaox 107y

8 BENDING MOMENT (Nm) 08, v 9000 8570, Vi.ox10%,

® YORSIONAL MOMENT (Nm) 18, v 4800 500 V1.8 x 104

2AXIAL LOAD (M) 200 500 V 4860 3700

o SHEAR {N) 400 200 860 V sa00

PAYLOAD INTERFACE

* BENDING MOMENT (Nm) 1600 V 4900 NEGLIGIBLE 90

® TORSINNAL MOMENT (Nm) NEGLIGIRLE V 1900 NEGLIGIPLE 110

®AXTAL LOAD (N) 200 375 NEGLIGIBLE 90

® SHEAR LOAD (N) 160 500 NEGLIGIBLE 110
PROPULS1ON MODULE INTERFACE

® BENDING MOMENT (Nm) 1200 1080 6190 V1.3 x 104

®AXIAL LOAD (N) 200 1780 ° 1.05 x 10% | V1.1 x 104

® SHEAR LOAD (N) 400 250 1050 Vv 7850

1. Attachment of nrbiter to platform a~complished by bherthing.

2. Berthing loads are: bending moment « 18304 (Nm), axinl] Inoad - 18004 (N},

3. Sybscript "d" denotes data obtained directly from focus mission documenta.

4. Denotes maximum valoes,

1-3
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The strength requirements are very asensitive to configuration and payloads
size, shape, and mass distributioni and locations of propulaion modules for
LEQ stationkeeping or transfer to GEO.

The atiffness requirements are not only dependent on the payload aad
configuration aize, shape and masa distribution but alaso the inteiplay betwsen
pointing system requirements, attitude control system (ACS) thruster levels,
and control system design. For a bamepoint design, trades betwsen these
systems can be made along a wide variasticn of parameters. Since this study la
genearic, asuch trades are not rossible. However, the implications are
recognized in tht establishment of the requirementa.

1.1.1.1 ASASP Flexural and Torsional Stiffness Requiremet.ts

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

Science and Applications Space Platform) configuration i3 extracted directly
from Reference 4 as shown in Figure 1.1-3 and was determined to provide a
minimum first modal frequency of Q.10 Hz. Since no information was available
reqarding the ,}‘equ red 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 maass of the platform was 80,553 kg. The individual payloads, and mass
moments of inertia were extracted from Reference 2.

2,
)

L} LELALELEA

-—
o
~0

(&)
[+s]
T T 1 l[lll'

™ lTI!!!{

FLEXURAL STIFFNESS (El) NM2

1
0.1 0.2 0.3
FREQUENCY (Hz)

o
~

Figure 1.1-3. Flexural Stiffness
Vs. Freguency {(Hz} rfor ASASP




-

SPENEIE SRS . et e et mmd - s w0 = W o

| AT AR -

ORIGINAL PAGE 19
OF POOR QUALITY

It is pertinent to note that during the orbiter packaging investigations, a
NASTRAN modal analysis using an EI = 2 x 108 Nmz, and GJ = 0.5 x 107 Nmz,
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 1s the main
driver, a frequency of 0.057 Hz would correspond exactly. However, within
the broad context of this ctudy, 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 Nm (bending) and 4900 Nm {torsion)
occur during stationkeeping maneuvers. The propulsion module thrust of

890 N, directed as shown in Figure l.l-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,

STATION

KEEPING
THRUST

Figure 1.1-4. ASASP Configuration
—Staticonkeeping Thrust



ORIGINAL FLCE 1Y
OF POOR QunLMTY

1.1.1.3 GSP Alternative 4 Flexural and Toraional Stiffness Requirements

The stiffnesa data shown in Table l.1-1 are extracted directly from Table 3-6
of Reference 3. The requirements shown {n Table 1.1-1 are the maximum
requirements for members B and E (Figure 1.1-5). The requirements are based
upon a restriction of the relative lateral diasplacement between the reflector
and feed of 0.20 m due to RCS thruster incduced loads. 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 0.14 m and 0.20 m is quite adequate for this study. Of primary
importance is the fact that the torsional induced portion of the deflection
was more than 95% of the total deflection.

ATTITUDE

CONTROL
"fﬂ-__qtzz“\sj THRUST
R 4

N

60-m
REFLECTOR ?f; 0 m
MEMBER .

MEMBER B—""

60-m REFLECTOR

Figure 1.1-5. Module 1 {Alternative 4}
Attitude Control Thrust

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

"A NASTRAN finite element model was generated for the Alternative No. 4
platform based on the individual module orbit transfer strength requirements.
The model was comprised of 65 grid pointa, 64 structural elements, and 390
atructural degrees of freedom. WNatural modes and corresponding natural
frequencies wers determirned for the system. The fundamental natural frequency
of the system based on atrength requirements is 0.019 Hz. A similar analysis
of the Alternative No. 4 platform resized to comply with atiffness

1-6
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requirements would yield significantly higher natural frequencies. Again,
caution must be exercised to ensure that the lower frequency vibration modes
do not interact with the RCS and caume inatability. As noted previously,
centrol techniques can obviate this poasibility."

1.1.1.4 G3P Alternativs 4 Strength Requirementa

The maximum bending moment extracted from Teble 3-5, Reference 3 is 101,427 Nm
for member H of Module 2 (Pig. 1.1-6). Torsional moments are not provided in
Referente 3. The tending moment results from the GEQ orbit transfer thrust of
6000 N directed as shown. The data presented in Refurence 5 were used to
conatruct a maas distribution model of Module 2 from which hand calculations
confirmed the apecified moment of 101,427 Nm, or more approximatsly astated,
provided confidence in the mass distribution model used. A hand calculation
of the torsional moment resulted in a value of 18,000 Nm. Both calculations
include a fector of 2 for dynamic amplification.

MEMBER H

E7 ORBIT TRANSFER
THRUST (THROUGH T4 = 0.035
C.G.) = 6000 N

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

1-7
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Table 1.1-2 illustrates the strength and stiffnesas requirements adopted for
the concept development and mtructural analyses to be performed in thia

atudy.

One set of requirementa, {.e., the adopted requirementa, is used to

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

T Table 1.1-2. Adopted Loads (Limit) and Stiffness Regquirements

PANANETER PLATPORM arg | asazp | csr oAt U | cee LT, 4
DEPLOYABLE STAUCTUAE MODULE

@ PLEXURAL STIPPNESS (Nm?) 17.3 x 108 2.8 x 10%,

* TORSIONAL STIFPNES® “m?) 44 %104, 8.2 x LOb

¢ BENDING MOMENT (Nm) son, 8000 4370, [L3s x 100 ,I

* TORBIONAL MOMENT (¥m) 18, 7080 100

® AXIAL LOAD (M} 200 800 3700

* BHEAR (N) 400 200 860 Eam)

PAYLOAD INTERFACE

& BERDING BORBNT (Nm) 1600 [4000] NBGLIGIDLE i1

* TORSIONAL MONENT (MNm} NEGLIGIBLE NEGLIGIDLE 1o

* AXIAL LOAD (N) 200 378 NEOLIGIDLE a0

© SHEAR LOAD (N) 100 (509) NEGLIGIBLE 110
PROPULSION WMODULE INTERPACE

® RENDING MOMENT (Nm) 1200 1080 8190 (ST

S AXIAL LOAD (N) 200 1780 1,08 x 104 1.1 x 104

*SHEAR LOAD (N) 400 aso 1050

[] 0ENOTES ADGPTED STRENGTH AND ST!FFNESS

The adopted stiffness requirements are based upon the following rationale:

Q

The higheat 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 masa of 80,553 kg. It is unlikely a platform in excess of
40,000 kg will be requived. Further, a first modal frequency of .03
Hz is still 100 times the LED orbit disturbance frequencies.

Of the_valyes (from GSP 4 Module 1) of ET = 2.6x10% and G5 =
1.1x107 ¥m yonly the GJ is the major requirement to limit the
required deflection. That requirement is due to placement of the
feeds for the 60 m reflector as shown in Fig. 1.1-5. Antennas with
their own feed columns would preclude thias 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 2x1N° and .5x10
Nm~, respectively, for EI and GJ were aselected.

1-8
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The adopted atrength requirements were bamed on the following:

]

PROPELLANT

MASS
(1000 kg)

The values of 1x10° and 1.8x10% Nm, respectively, for the

bending and torsional moment obtained from the GSP alternmative 4,
Module 2, ars regarded as unneceasarily high since the module is
20,600 kg {payloads to GEO by the year 2000 are not expected to
exceed 6000 kg). Purther, the loads can be reduced by reduction of
the orbit transfer T/W {thrust to weight ratio), and/or minimization
of dynamic amplifications. The latter twe itema are technology
development needs, for antennas as well as platforma. The potential
reduction of T/W from 0.035 to a posaible 0.0137 is discussed as
followa:

Low-thrust liquid propellant systems are indicated for orbit tranfer
applications for current and future missions to GEQ as the need for
mansuvering, start-stop operations and especially low thruat levels
predominate as desirable characteristics.

Low thruat and the resultant long burn times can mean larger gravity
losses and increased propellant weight (Figure 1.1-7) for aingle
burns. However, multiple perigee burns minimize gravity losses by
reducing the burning arc and theta (©), the angle between the
velocity vector and the local horizental in the gravity loss tamm,
8ot 8in® (simplified).

« PAYLOAD MASS = 6818 kg
L ¢ SPECIFIC IMPULSE = 470 sec
¢ STAGE MASS FRACTION - 0.90
* CONSTANT THRUST

201

- 1 PERIGEE BURN

5 8 PERIGEE
BURNS
—
1 I RN IO I O Y I " n N " PEEEE B B O Y ! N } M y
0. 0, 004 0.01 0.02 0.04 0.1 0.2 0.4

MAXIMUM THRUST-TO-WEIGHT RATIO, T/W {END BURN)

Figure 1.1-7. GEO Transfer T/W and Number of
Perigee Burn Implications on Propellant Mass
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The use of multiple burns to minimize gravity losa (2% for aight
burns versus 14% for asingle burn) is attractive in exchange for a
somewhat longer transfer coast time (22 hours for 8 burns versus 6
hours for aingle burn). In many cases, this will be an acceptadle
compromise. The reducticn in propellant requirements with multiple
perigee burns at low T/¥ is dramatic, as shown for the payload
indicated. Generally, propellant requirements increasa as T/W

- decreases below the value of one, due to the aforementioned gravity
loss effects. The propellant weight is decreasmed, however, as the
number of perigee burns is increased above a nominal of one perigee
burn. Eight perigee burns provide a substantial redvciion in
propellant requirement at low T/W: the marimum reduction occurring
in the vicinity of T/W (final) from 0.0l to 0.02. These savinga are
sharply reduced, however, at T/W (final) values below 0.008.

o] In view of the foregoing, and the technology advancemant goala of
developing designs up to the maximum practical and realistic
requirements, the strength values of .25x10% and 1x10% Nu,
respectively, for bending and torsional moments we:re used.

In summary, the rationale for establisiment of the adopted strength and
stiffness requirements is presented above. In conaideration of the overall
range of requirements throughout the focus missiona shown on Figure 1.1-1, the
Juetifiable departure from the maximum values is minimal. Hence, it may be
stated that the adopted requirements are at the high end of the total
requirementa spectrum.

1.1.2 Power and Datz Utilities

Table 1.1-3 summarizes the adopted power and data utilities alongside of the
corresponding data extracted from the focus wismion studies. This requirement
is used throughout the concept development.

Table 1.1-3. Genaric Power and Data Utilities Requirements

SYSTEM
FUNCT | ON ASASP GPS 5P5 ADOPTED COMMENTS
POVER (Kw) 50 10 490 50 SPS DEFINED AS
SPECIAL CASE
DATA 20 HBPS (D) 50 MBPS (D) 20 HersS () (SCIENTIFIC)
50 KBPS (0} |NOT DETERMINED | 216 KBPS (C) 50 KBPS (D) {HOUSEKEEP ING)
25 KBPS {C} 25 kaprs (c)
4.2 MHz ({A) 4.2 MHz (A} {1V}
{NTERFACES
POWER 6 NO. O 6 NO. 3 396 NO. 10 6 NO. O
28 NO. 2 4 NO. 13 16 NO, 2
L NO. 14 20 NO. 13 L NO, 14
DATA 35 F.0. 34 NO. V) TSP 4 HO. 22 TSP 90 NO. 22 TSP | TO BE ACCOMMO-
58 NO. 25 TSP 2 COAX DATED BY
iy F.0. 8 F.0. DEPLOYABLE
100 F.0. STRUCTURAL
{OPTION) ELEHENTS

1-10
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The power linea are bared upon a 50 kw total spacecraft power requirement and
distribution system. The data utilities are based upon the scientific,
housekesping, and TV data needs a=z shown in Table 1.1-3 and discussed herein.

The power and signal distribution requirements are based upon analysia of
poasible payload combinations and aititudes. Table l.1-4 presents a summary
of the payloads considered. Included in the tabls are various physical
charactaristics and interfaces resquired to support the selected payloads. In
a genaral senss, the diatribution system is required to accommodate two
classes of aignals. The firat is powsr at a relatively high level approaching
20 ¥W. The major power capability is distributed at 124-164 VDC, with lower
loads at 30 VDC and 110 VAC, 400 Hz. The seccnd class of aignals are at
fairly low lavels and consist of command and data signals, digitally coded
data transfer and low level closed-circuit TV (CCTV). The digital and video

signal bandwidths are estimated to be 1 Mbpas and 6.0 MHz, respectively.

Table 1.1-4. Reference Payload Group

DATA MGMT
DEPL. ——
MASS SIZE ALTITUDE | ORBIT COMMAND| DATA
PAYLOAD GROUP (KG) L) (kn) (DEG) | POWER | (KBPS) | (KBPS) | NOTES
|. ATMOSPHERIC GRAVITY | 3,000 | 100 (D) » 250 56-90 33 <15 10 see O
WAVE ANTENNA {kwh)
2. PARTICLE BEAM 3,000 [ 100 x 100 400 56-90 | 3.3 <258 200 + |SEE QD
INJECTION (SQUARE) (kWh) 4,2 MHz
(Tv)
3. ASTROMETAIC 4,500 | 2(p) x 18 4oo 28 1,000 <25 1,000 [SEE QD
TELESCOPE {v)
L, LARGE AMBIENT DIS- [16,000 [15(p) x 35 |4oO-700 28-56 |1,000 <2% 7,000 |seE
PLAY IR TELESCOPE (W}
NOTES (D EVA FOR MAINTENANCE AND DEPLOYMENT
@ VIBRATION AND GAS PARTICLE SENSITIVE
@ VIBRATION AND GAS PARTICLE SENSITIVE + EVA

1.1.2.1 Power Utilities

The power utilities requirements are based upcn the diastribution syatem shown
in Figure 1.1-8 and line lengths compatible with the generic platform (Section
1.2).

The wire size selection was conservatively based upon the worst case
conditions at an operating temperature of 200°C, and line losses of
approximately 5%. (Refinements in the analysis made at a later date to

accoung for reduction of the operating temperatures to 20°C are discussed
latar.

The 16 No. 2 requirement shown in Table 1.1-3 wae derived from provision of
124 VDC at 290 A, For this condition, the primary path wire bundle was chosen
to be eight No. 2 gauge (stranded) for power input plia eight No. 2 gauge
(stranded) for returns.

1-11
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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 atudy, aa part of an (vsluation to
determine the significance to the power utilities requirements of a 250 k¥
total spacecruft power requirement, refinements in the above analysis were
made. The essence of thim analysis was reduced electrical wire sizes due to
replacemant of the 30 VDC by 124-164 VDC, or replacement of both 70 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 deasigna,
the adopted requirement was maintained. The investigation for a total
spacecralft power load of 250 kW indicated easentially the same total circular
mils as that of the adopted values provided the sslected power lines cperate
at 460 VAC.

The basis for the foregoing conclusions is discussed in tne following
paragrapha.

The original svaluation asaumed that the 30 VDC and the 110 VAC voltages were
derived at a common location, located some distance firom the solar array
module. The effect of this assumption was to require that the deployable
truas be capable of accommodating both the entire 50 kW at 124-164 VDC as well
aa accommodeating 5.6 kW at 30 VDC 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. Subsaquent analysis indicated that a 20°C
deaign limit could be maintained and, therefore, it was decided to redc the
analysis of the basic concepts as well as all the other distribution concept

options at the 20°C design point.
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The result of the revised basic analysis {summarized in Table 1.1-5) ias to
reduce the number of No. 2 AWG wires to eight. However, in the re-evaluation
of the original analysis, the number of No. O AWG wires is increased to
eigit. Both numbers include thoir respective return virss or grounds. The
total cross~sectional area of the wire bundle was reduced from 1,707,000
circular mila (in the original analysis) to 1,384,000 circular mils - a
reduction of 18.4%.

An alternate to the basic wiring layout wam also evaluated. In thias case, the
converaion to 30 VDC was accomplished within the smolar power module with the
resulting reduction in the power handling requirement of the 124-164 VD" wire
bundle to 36 kW. At the same time, it waa noted that the 30 VOC circuit may
be required to accommodate 9.6 kW rather than 5.6 kW, ao this increase in
pow»r level was alao conaidered. The results of these changes are shown in
the second column of Table 1.1~5, In this approach, the number of No. 2 AWG
wires is reduced to asix, reflecting the lowered power level, but th~
identified increase in 30 YDC 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..

Four new options wers considered during thia study. Two of these options,
Option A at 45.6 kW and Option C at 250 kW, asaumed that all of the energy was
provided at 124-164 VDC. The other two options considered the power is to be
delivered at 460 VAC. Option B was rated at 50 kW while Option D provided 250
k. The wire aizes for the ac powser analyses were taken from a 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

OETLIONS
nasic  |uasic (anm® AD nO c® n®
30 kw ® N6 kw 1%.6 xw & 250 kW »
LOAD 124~ 184 VDC | 124164 VDC_[_124-164 VDC - 124~ 164 vDC -
REQMTS | 5.6 km ® N.G/O.6 kW —_
WIRE L 30 ¥DC 1™ JO VDG . — — =
SIZE 0.4 kw o .4 kw » N4 ke » a0 kw8 0.4 kw » 250 kv ®
(AWG) 110 VAC 110 VAC 110 VAC 160 VAT 110 VAC 460 VAC
14 4 q a — q —_
4 —_ —_— — AD —_ 18
R (WAR 18) ) L] —_— 54
o] R (¥WAB 8) 8/12 Q —
) Flectrontics Incated in priver module,
Requiren 124 to M ¥NC convertara at earh pare, or reaponaihi ittty ni uarrn,
Requiren lnvertern & radintnra (n = 90Z) In power modute, and recttflers (n e 90T} ot rach port
or within unern’ equipment, Lossra of [0 ot inverter w11 nerenme of fertive alre of aclar
arcays ((ncrenme to 3% %W
® 5% line voltage drop permicted, (1= 2%
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The spacecraft configuration appiied to all of the new options considered that
the derivation of any voltage other than the primary distribution voltage,
with the sxception of the rslativaly low-povwered ac in Options A and B, ia %o
be scccaplished at the user port or within the experiment system. Thus, in
Options A anc C the deployadls truss must accommodate only two voltage lavels,
124-164 VDC and 110 VAC. In Options B ard D, only high voltage (460 V) xc
must be accommodated. The advantage of eliminating tvae low-voltage
distribution ayster 1s apparent, but it does require the addition of more
squipment at each port.

The queation of utilizing an ac distribution concept at a higher voltage waa
addressed in Optiorn B. Again, it 1a possible to furthesr reduce ‘he total
number of wires within a deployable trusa at the expense of additional
equipment, specifically rectifiers and transformmrs, utilized to provide the
lowsr ac voltages and tha various dc voltages. A further coast factor that
should be appreciated, when using the ac concept, is the need to compenasate
for the additional loases introduced by the added equipment. With an
estimatad efficiency of 90% or lesn, the option will require a 10-15¢ increase
in solar array to generate the necessary power.

Optiona C sud D were evaluated to determine the ippact of increamsing the
spacecraft sxperiment support power to 250 kW. Specifically, the ac
distribution powsr level wam increamed to 250 kW at 124-:64 VDC, while the ac
system power level is specified at 250 kW at 460 VAC,

The affecta of the higher powsr leve’s will, as expected, result in a larger
nunber of wires. Total cross-secticonal ares of the wires variea from
approximately 3,870,000 circular mile (in the case of Option C) to
approximately 1,619,00C circular mils {Option D). In the cass of the ac
distribution system, it will again be neceassary to apprecinte ths additional
losses in the asystem caused by the pori-located converaion equipment.

A final point of discussion is to eramine ths reasona why, if higher dc
voltage will reduce loms effects, a higher dc prime.y distribution voltage
(greater than 124-164 VDC) was not selected for the basic concept and for
Optiona A and C. The major rationale for net salecting a higher voltage
distribution aystem is the atate of switching technology, particularly at the
relatively high power levela apecified. Switch devices capable of switching
high d¢ voltages at high power levels are not yet available to the confidence
levels needed to assure reliable operation. Thase awltching devices include
theae almply used to control the power distribution as well as those used in
de=de converters asupplying the various lower voltages required. Several
attempta at initieting techmology programa to develep these aquipmonts have
bheen made with various dagrees of succass, but none have been completad.
Accordingly, no hardwars is available st the pressnt time nor in the immediate
future.

The second reason for not selecting & higher voltage is the impact upon the
sclar array. Solar arrays are comprised of meny small aclar cells
interconnected {n a series-parallel matrix to provide the needed powsr/voltage
combination. Increased voltage levela increase the complexity of the solar
array with the attendent reductioa in reliahility, life, and in poorer
operating characteristics resulting from increased internal lomaes.

1-14



1.1.2.2 Data Utilitiea

The data management, control path, and the CCTV paths ace sssentially low
pover and are provided using three different forms of signal patha. Diacretes
signals or commands are rou.ed utilizing 22 gauge, twisted, shielded pairs
(TSP). Ninety pairs are included in the design of deployable structura’
elements; sixteen of which are preasaigned as emergency control originating in
the subsystem control module. The remaining 74 paira are unassigned and may
be used to provide interconnections beatween berthing stations.

The placement of these, or any signal wires, immediately =djacent to power
cables is to be avoided. If the deaigns do not permit the separation of these

cable groups, it is neceasary to nrovide metallic separation (shields) to
avoid electromagnetic interference caused by power switching.

The data management concept selected for this study presumes the use of an
integrated, on~-board data processing approach that uses a data bus design to
minimize *na overall aumber of discrets paths between satelli.e or platform
communications interfacea. The proposed data bus link consista of four pairs
of fiber optic cables. Each pair conaista of an independent command and data
channel. Four pairs are provided to accommodate reliability concerna (e.g.,
redundant paths in the event of channel failure) as well as prowviding for
possible requirements calling for independent links to salected payloads. It

ia recommended that provisions to add up to 100 additional fiber optic cables
to permit future system expansion be included in the element demign.

The final requiremeni identified in prior studius is the need to provide at
least two channels for routing of CCTV or high bit rate data to the satellite
downlink communicationa 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 1s
generally, however, consistent with the ASASP and GPS requirements. Further,
spacecraft data needa during any program always press to the limit the ability
of the atructure to accommodate data needs. Hence, again, the generous
complement of deta utilities in the adopted requireaents.

1.1.3 Pluid Utilities

The adopted fluid utilities requirement established for this study is two 2.0
cem coolant lines. Propellant lines are not a requirement for the reasons
discuased subsequently.

1.1.3.1 Coolant Lines

Provision of fluid coolant lines is imposed as & requirement since location of
radiators adjacent to a heat source may not always be practical. The
requirement of two 2.0 cm lines was determined from the payload requirements

of Table 1.1-4, which were extracted from Reference 2- For these payloads,
the maximum power lavel was 25 kW.
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The use of a central radiator system would require that fluid lines be run
along the structure be‘ween the heat msource and the radiator and return. The
pumping power required to circulate the coolant varies directly with length
and power diasipation level and inversely with line diamuter. For the
reference misaion puyloads, a practical line diameter is 2 cm. PFigure 1.1-9
Dremsnta the pump power to circulate Freon coolant through a 2 cm line ovir 40
meters and return for a range of powsr dissipation levels. As shown, a
pumping power of leas than 0.2 kW ia required to circulate coclant to reje-t
25 kW of paylcad power.

—_

- .

~ 1.5¢m

E 2cm

[=%

€

&

44—

40 m Long
Freon Lina

I 1 | |
10 20 30 40 50
Payload Power Level kW

Figure 1.1-9., Pump Characteristics
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Iusulation will ba required for fluid lines used on the deployable platform to
prevent freezing of the coolant during quiet psricds. A quantitative estimate
of the thermal control system (TCS) requirsments for fluid lires is summarized
in Table, 1.1«6 for a range of typical TCS coating techniquea. These
calculations assume the heat transfer ares to be that of a Z-cm-diameter
straight tubs. The calculations show that a radiation barrier insulation
(ex0.04) is required to keep the drop in fluid temperaturs, due to lin2 heat
losaes, at reasonabls levels. A bare metal, such asa aluminum, is
unacceptable. These materials have high solar absorptance compared to its
emittance. This would result in high tube surface 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-metallic outer layer may be desirable.

Table 1,1-6. TCS Requirements for 2-cm Fluid Lines

LOSS OF TIME HEAT
TEMPERATURE (°C) To LOSS AT .
ENIT- F°ﬁ529:m_L%!§ FREEZE | FREEZ. | ENPERATURE (7C)
A
SURFACE TANCE AT L0 FLUID TEMP. SUN_LOA _
b QAT MG £ 1 kW 5 kn 25 kW HR W/m AVERAGE | PEAK
PAINT 0.9 52 10. 4 2.0 0.5 3.3 24 122
COAT ING 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 2k 122
POLYSHED
METAL 0,04 2.4 0.5 0.1 13 6.15 219 381
{a=0.3)
ML (o = 0.4) 0,04 2.4 0.5 0.1 13 2.15 -37 42

An alternats to the fluid coolant system is a hest pipe system. The heat pipe
ia a asealed 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 0.6% cm line to transport liguid. The technology of high capacity heat
pipes is developing rapidly. Pipes with the capacity to transport heat loads
of & few kilowatts over distances of a fow meters are currently in development.

1.1.3.2 Propellant Lines

Integration of propellant lines into the deployable structure was not included
as a requirement, slthough the use of distributed thrusters for either GEO
orbit transfer or active modal control was conaidered.

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 disadvantagea discussed below:

0 3ince the design must provide for failure of a thruster, each of the
thrusters lines of force must pass through the platform center of
masa 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 Lhrusters as shown for solar
pover satellite (SPS) structures are not applicable.) Provisions
for this condition would require excessive propellant.

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

0 The reduction of the bending and posaibly torsional moments, while
reducing the individual member loads, may not represent any
significant weight reductiovn for stiffness-critical designs. The
weight savings, if any, may be limited to the joints. The reduced
loada on the joints and individual members could permit increaased
packaging efficieacy. However, the loada 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 OQctober 22 and 23 in 198l, recommendsed the use of a single
orbital transfer vehicle (OTV) with cluateresd thrusters for orbit transfer of
GEO platformas. For the range of platform mass up to 600C kg, a single OTV has
the capability. :

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

o The major spectrum of LEO/GEO miseion requirements is achievable

without special distributed &sctuators. Sufficient stability is
attainable without distributed thrusters.

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

If for scme reason, distributed contrel is required, the preferred location
for rotary or linear actuators is at the attachments between building blocks.
Since the payloads are mounted oaly at the main hcising or adapters, shaping
of the baeic truss is not required.

1.1.4 Conirol System

r Control system requirements can be satiasfied without the mounting of control
aystem equipment directly onto the deployeble truss. A control system module

W 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
i platform functions and control philosophy as followa:
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0 The platform provides a general-purpose base to support
special-purpose {snd multidisciplinary) payloads whose pointing and
control requirements can be quite diveraa.

o The platform provides gross stabilization and pointing control.
Nominal attitude will be a local level and/or inertial orientation
selected to minimize the platform diaturbance torques and the
resulting control aystem requirements.

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

0 Specialized pasasive or active control for structaral dynamic or
fig.re control augmentation can be located at the housings or
adapters (rather than on the deployable truss).

e} The control system is designed to mest the most common recurring
sontrol problemes - not rare or iill-defined special situationa.

As evident from Table 1.1-7, it is feasible to locate all attitude control
aystem aquipment either in the control aystem module, the payload package, or
at the building-block-to-building~block interfaces. Much of the equipment
listed as mountabls on the "contrul system module or payload package” can
probably be mounted in the control aystem module for moat NASA missiona in
which structural deformations are well within pointing requirements.

Tabkle 1.1-7. Control System Egquipment Requirements

S/C USED OW POSS5IBLE LOCATIONS
CONTROL
SYSTEM BUILDING-
GENERIC| DEPLOY, HODULE OR BLOCK
COMPONENT ASASP ]  GSP 5P3 oMLy | STRUCTURE | P/L PKG. INTERFAGE
@ SOLAR TRACKERS (ST) X % x
® SOLAR ASPECT SENSORS (SAS) X H X ]
® FINE SUN SENSORS (Fss) X X X
® COARSE SUM SENSORS (C5S) H X
® HORIZON SEWSOR {H5) X } X
® INEATIAL REF. UNIT {GYROS)=—(IRU) X X H X
® WOMENTUM & REACTION WHEELS (Mw) X X
& CONTAOL MOMENT GYROS (CMG) ] % X
® COMPUTER (COMP.) X X X X
& INSTRUMENT POINTING SYSTEM (1PS) X X
8 MISC. ROTARY JGINTS (RJ) H X x H
& INTERFACE £LECTRGNICS UNIT (FEU} x x
® MAGNETIC TORQUERS (MT) X X
® MAGHETROMETER (M) ] X
® INERTIAL MEASUREMENT Un:T {I¥U) 1 %
® REACT* N CONTROL SYSTEM (RCS) X X 2 X
& STAULYURAL ALIGHMENT MEASUREMENT _
DEVICES X X X
CONCLUS ION: ALL ACS COMPONENTS ARE LOCATED ON ADAPTERS OR IN CONTROL SYSTEM MODULE.
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1.1.5 Structural Tempsratures

Peak structural temperatures range from -100" to 80°C for LEQ and -200° to
BO'C for GEO. Pigure 1.1-10 presents the peak temperatures cslculated for the
materials shown for an end of lifs (o/e =1).

Temperature (9C)

100— LEO 100p— GEO
\ \
e Gi /Ep —— GR/EP
\AL = B
BE - 8a
ob— g or
BE g
AL g
GR/EP % .
/ K Al
-100— -wor— /Gr/ﬁp
| 1 | _J | | 1 |
0.075 0.150 0.225 6.30 0.075  0.150 0.225 0.30
Thicknass (Gm) Thickness {cm)

Figure 1.1-10. Maximum and Minimum Temperatures

The materials considered were sluminum, beryllium, magnesium, and several
graphite and metal matrix composites. The peak marimum and minimum orbital
temperatures depend upor the density times specific heat product for a
particular material. For a given material thickness, the smallest density
specific heat product will yield the largest marimum-~to-minimum temperature
range. Since a largs number of materials is being conaidered, the materials
were ranked asccording to this product. Beryllium had the largest value of
this product, and graphite epoxy the amallest. Therefore, the properties of
thess matsrisls were used in the analysis. Aluminum is used currently in
spacecraft conatruction; therefore, data for aluminum are presented for
comparison.

The member ghape: congidered were round, square, rectangular tubes and
I-gectiona. The hottest structural temperatures occur when the member shape
exposes its largest projected area toward the sun. A measure of this peak
heating conditicn is the ratio of the solar projected area to the radiation
area; therefore, *he member shapes were ranked according to this ratio. For
the member shapes considered, thias ratio differs only slightly; therefore,
only one or two shapes need to be analyzed. The square tube and the I-section
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were selected for analysis. The data prasented are for the square tube. The
coldeat structural temperatures oceur during eclipse and are independent of
membsr shape.

Tndividual truss members may be oriented at varioua angles with respect to the
orbit plane and the sun. The orientation which exposes the largest solar
projectad area was selected for analysis.

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

101-6 SeWiCi!}E

Servicing ia assumed to be at one-year intervals, and consiats mainly of
replacing conaumables or equipment with limited life. Changeout of payloads
may be required from time to time becauase of "state of the art" or completion
of miaaion.

The vehicles used for servicing are the orbiter for LEQ and s teleoperator for
GEO. It is expected that the teleoparator will use the same docking interface
as the orbiter and will have 2 similar set of RMS.

The design of the platform, therefore, has to include docking proviasions at
strategic locationa, near to payloads and service centers such as the control
module. All items likely to be replaced must be designed for
disconnect/removal/replacement using the RMS and/or EVA. PFactors asuch as crew
vigibility, TV coverage, RMS reach, RC3 plume effects and orbiter/platform
interference need to be considered wher designing for servicing.

1.1.7 OUrbiter Integratic

The orbiter is obviously an item of major concern in the design of a
deployable platform. The orbiter is called upon to perform sseveral functions:
0 Tranaport the packaged platform to LEO
o] Serve as a beae for adding payloads, modules, etc.
o Checkout and troubleshooting the platform and systema
c Continued servicing and maintenance for a period of 10-20 years.

In performing these functions, the following factora are of importance:
0 Docldng/berthing clearances

o EVA capabilities and safety

) RCS plume effects

a RMS reach and capability

0 TV & crew visual coverage

) Orbiter power available for platform

0 Paylcad bay volume, c.g. and weight

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

0 Orientation during platform deployment, solar thermal, radiators

o Orientation, free drift, control authority

0 Coat
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1.1.8 Environmant

Materials for the deployable platform systems muat have a minimum life of ten
years in either LEQ or GE?D environmenta. Since tranafer time to GEO isa
expacted to be leas than 24 hours with the use of chemical propulsion, the
more severe LEC-to-GEQ environment effects will bs negligible.

Space environment effecte are due to a combination of environments, some of
which act at the surface and othsrs which act throughout the volume {mass).
Solar radiation, vacuum, and micrometeoroids are examples of environments
which sct primarily on exposed surfaces, while Van Allen Belt particles, solar
flare particles, and the slectron-produced Bremmstrahlung are examples of
anvirormmenta which act throughout the volumes of objects in space. Figure
1.1-11 41lustrates the nuclear radiation components at GEQ as a function of
aluminum shielding thicimess (the curves are aimilar for other materiala) and

Figure 1.1-12 illustrates the altitude dependence of the natural Van Allon
Belts.

7
10/
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Figure 1.1-11, Radiation Dose Rates at GEO
— Functions of Shield Thickness
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The solar spectrum and vacuum are well known and are not included herein.
Several matearials can bs seversly impacted by both of these environmental
properties, but thin protective coatings from other materials (such

as themal control coatings) can and do readily negate any exceasive adverse
effacts.

Particulate or meteoroid flux can and does get mignificant as msatellitoa
inopease in size and required service life. FPigure 1.1-13% ahows a
time~averaged meteoroid flux at 1 AU from the sun. This meteoroid flux was

obtained directly from Refsrence 6 and is asufficiently accurate for both LEO
and GEQ platform applicationa.

10712 b=

T'3bg o

PARTICLE FLUX (PARTICLES/n? -sec)

.

19714

1015 -

|o"6 | I A Iy " ul i I
107 1078 107 1076 1075 107* 1073 1071 107!
PARTICLE PASS (gm)

Figure 1.1-13. Natural Time Averaged Meteoroid Flux
at 1 AU from the Sun

1.1.9 Payloads, Propulsion Mndules, ACS Modules

Generally aspeaking, the linear platform ia deployed without paylcadsa,
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 asuitable
interfaces submegquent to deployment of the platform structure. There are,
however, posaibilities of building aome modules inte the deployment aystem;
depending on the aize/shape of the module and the size/shape of the platform.
If the circumsatances are favorable, the module may be treated as another
housing similar to a building block, and be incorporated ontc the end of a
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truss. Some {tems may be mounted directly onto an sxiating control module or
truss housing. If the module is to be added to the platform subssquant to
platform deployment, an interfacs is provided complets with alignment features
and all the structural/mechanical/electrical/fluid interconnects required for
RMS berthing.

1.1.10 System Pointing Accuracy

The moat stringent pointing requirement is delineated in Table 6 of Reference
4 for the GSP application. A value of 0.05 to 0.10" ia listed.

Discussion with electronics apecialists at Rockwell indicate pointing
accuracles of 0.05 to 0.10° will be representative of most applicationa for
the 1990 to 2000 time period, although a amall number of applications will

require accuracies of 0.03 to 0.02°.

1.1.11 Requiremsnts Perspective

The design approach and requirements presmented in Sections 1.1 through 1.10
are the bamis for the generic platform development (Section 1.2); deployable
truss, utilities folding/deployment, housing, and adapter concepts deve loped
(Secticns 1.% and 1.4) and concept selection (Section 4). A perspective on
these requirements are summarized below:

0 The adopted strength and stiffness requirements are at the pper
limits of the apectrum of requirements for the 1990 to 2000 time
period.

o The ganeric platform represents the largest size of platform

foremseable for the 1930 to 2000 time period.

0 The adopted complement of power utilities 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 alao representative of
a 250 kW apacecraft (460 VAC).

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

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

0 The two 2-cm fluid lines requirement ias representative of the
maximum coolant fluid line diame<sr.

0 A pointing accuracy of C.05 to 0.10 degree ia representative of a
majority of systems for 1990 to 2000 time pericd.

This perspective is applicable to the focus missions (Figure 1.1-1) and to the
apacecraft configurations shown in Figure 1.1-14.
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Figure l.l1-14. Rockwell Communications Configurations
and SASP
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1.2 GENERIC DEPLOYABLE SPACECRAFT CONPIGURATIONS

The generic linear platform (Figure 1.2-1) is based on the requirements
eatablished in this atudy. The purposs of developing such a platform is not
to suggeat that this is the best or only configuration available, but to
display and underatand the many problems encountered in designing a daployable
system. Without such a configuration to atudy, there is a tendency to
concentrate on the truss structurs and overlook auch important points as
orbiter integration/packaging, deployment sequence and attachment of one
section to another.

The configuration ¢f the deployed platform is similar to the ASASP, The
overall dimensions of the structura are 146 meters by 73 meters. The payloads
shown {i.e., the referance payload system) are the atmoaphesric gravity-wave
antenna, particle beam injection experiment, astrometric telescope, and IR
tslescope. Each of the four payloads is mounted at a "hard point” and not on
the deployable truas itaself. The design goal ia to avoid mounting equipment
oan the deployable truss unless it ia absolutely necesaary. This policy haa
bean followed throughout all the drawings. The slectrical power far the
reference payloada, .nd apacecraft systems, with allowcnces for line losses ia
50 kW. The solar array is suitably sized and har the necessary rotary joints
for two degrees of fre.dom. A radiator is shown mounted adjacent ¢to the solar
array module.

Although the reference payloads are LEQ payloads, an orbit transfer vehicle ia
mounted on the aft end of the platform. Four reaction control system (RCS)
modules are shown, of which two are mounted on ahort booms deployed from the
control module, and two are mounted on structural hard pointa.

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
centrol center and houses squipment such as batteries, communicetions, data
ttorage, and power conversion and control.

Proviaions for docidng/berthing of the orbiter are shown at the control
module, at tne solar array medule, and at hard points on the atructure,
suitable for mervicing payloada or propulsion units.

The structure consists of building blocka, arranged in auch 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.

Ia the development of the saveral concepta for the trusses and building
blocks, the generic platform was modified alightly to lpcorporate needa aa
thay arose: for instance, somstimes there are twc control modules and

sometimes two trusses are joined into one building block.

Subsequent to the development of the generic linear platform, a generic area
platform was studied in which the etructural assembly behaves as a plate
rather than as a number of beams connected together. Ths advantages expected
to be gained of such a structure are:
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o A significant increase in stiffness provided payload and equipment
attachments span to three node points.

o} A giguificant decrease in torsional-type, thermal-induced
deflactions.

0 Both of the abose advantages may permit simplification of the
control syastem, depending on the specifics of the deaign.

0 Significant reduction in GEQ orbit tranafer-induced member loads,
particularly for thrvst in the plane of the platform. This is
particularly favorab.e to joint deaigna.

o Significant increase in number of paths for routing of power ani
data lines.

The disadvantages of an area platform such a® the Generic Area Platform
Figure 1.2-2 ure:

o 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 {~ increa=z-d,
the accenmsibility problem is aggravated. This is a provlem which ia
common to all large area platforms regardlesa of the type of
structure ~r deployment method.

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

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

- Difficulty of controlling and holding the platform while it 1is
deploying.

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

Rockwell Ine. i8 not aware of the need for such an area platform application
for the time peried 1990-2000 other tharn solar arrays and antennas being
developed in other study contracts. Therefore, with the concurrence of
NASA/MSPC, the design of a deployable area platform was discontinued.
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1.5 DEPLOYABLE PLATFORM SYSTEMS CONCEPTS -

This sectlon describes the individual component concepts developed that, in
total, comprise the basic building block (Figure 1) from which automaticelly
deployable platform systems can be constiucted. The basic components (Figure
1.5~1) are the deployable truss, utilities integration system, deployment
mechanization and rail syshem, the main housing into which the foregoing
gyatems are folded during launch, and the ead adapter.

The candidate designs for each of the aforsmentioned 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 building~block
designs were used to consitruct the generic spacecraft configuration, starting
with packaging in the orbiter and ending with the fully deployed basic
platform system.

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

1.5.1 Deployable Prusses

The establishment of the candidate deployable truss concepts gave seripus
consideration to the applicability of existing concepts. The search included
review of in-house decuments, 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 mansgers of
concepts recently developed/documented. Figure 1.%-2 illusirates most of the
designs that were compiled as & wssult of that effort. Barring uunseen
proprietary designs, there is .10 deployable structure panaces, i.e., a
structure that can be doubly folder. into & very compact configuration (with
utilities integration)} that can ve integrated into an automatically deployable
platform system. . ' :

Pigure l.3-2 encompasses flight-proven designm, designs for which
demonstration models have been made, and proposed concepts. These designs
were reviewed on the basis of their suitability to satisfy the adopied
strength and stiffness requirements and complement of utilities; compatibility
with the total building-block approach; and compatibility with the single bay
at a time deployment approach with meintenance of root strength during
deployment. The designs using X-braced teunsion cables such as demigns A, B,
G, H, and X represent single~folded structures thet are not compatible with
the adopted GJ stiffness requirenents, :

The same comment is applicable to Concept F. A demonsiration 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 cirecular longerons and
I-gection batiens into which the longerons nest during stowage. The diagonal
syotem uses X~braced tension atraps preadjusted on ths 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
modal eell, which was approximately 4.6 m on its side. Demonstration of the
model was presented by a seriss of staged slides. The basic deployment
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Deployable Platform System Components

Figure 1.3~-1.
—Baslic Building Block
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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 atrain energy (with retention of the remalning structure} was
used initielly in the development of Concepts 4 and 6.

Concept E has been succeasfully 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 longercns are not folded. This concept is
regardad as essentially an erectable concept, and was not considered further,
since no apparent method was foresesable to use this concept in an
automatically deployable platform aystem. The Rockwell-proposed designa (1
and J) were not comsidered further for the same reason despite the attractive
feature of non-folding longeronas.

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 dasic
structure mechanization is quite simple (in the context of the complexity of
double folding). Erxamination of the demonstration model (courteay of General
Dynamica) revealed well designed joints (concentric load paths and a minimum
of material). This concept was therefore included {as Concept 3) in the
candidate designa, although difficulty with integration into an automatically
deployeble 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 designa
shown in Figure 1.3-%. This matrix of designa was derived to include the
scopes of aingle and double-folded demigns, a design with X-braced tension
cables that could satiafy the GJ stiffneas requirements, and designs using
triangular and square crosa~sections. The matrix of these design variations
is shown in Table 1.3-1.

® PENTAHEDRAL TRUSS (LONGITUDINAL FOLD) @ WARREN TRUSS (LONGITUDINAL FOLD})

@ G0 TETRAHEDRAL TRUSS [DOUBLE FoLD) @ TRIANGULAR TAUSS (LONGITUDINAL FOLD)
|

X-BRACED TRIANGULAR TRUSS WITH @ RECTANGULAR TRUSS @ TRIANGULAR TAUSS WITH

ELESTOFTRE BATYERY 8- TELESCOP THG BATTENS
coatisron
chaarim chnetimg
agomaL ) HikbomaLt

1 omar o
Bt bow TLICDP g

MATTES

kAt

Figure 1.3-3., Candidate Deployable Platform Structure Concepts

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

o 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 path from truss to trumss is through the
adapters and main housing (Section 1.%.4).

o Satisfaction of the adopted atrength and stiffnesa requirements in
Section 1l.1.1.

0 Capability to be integrated into the building block concept shown in
¥igure 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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The eight truss concepts shown in Figure 1.3-3 are discussed in detail in
Section 1.4. The structural drawings
features in the development of each of these trusses are as follows:

o]

are presented in Volume I1. The main

Concept 1 (Figure 1,3-4) utilizes the kinematic advantage of the
General Dynamics (GD) tetrahedral truss (for a single-folded
design), the foldiug 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 efficlency

of the offset longerons and
requires only the diagonals
for meteoroid impact can be
diagonals. The shear panel
to the hinge line member to
longerons.

Concept 3 (Figure 1.3-6}) is
previously,

shear panel as shown. The design
shown in the top plane. Redundancy
provided by addition of lower plane
was used to provide lateral stiffness
minimize deflection due to the offset

included for the reasons discussed

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 te 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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THE PYRAMIDAL MEMBERS

Figure 1.3-4. C(oncept l-—Pentahedral Truss

DIAGONAL

HINGELINE

SHEAR MEMBER

LONGERON
PANELS

Figure l.3-5. Concept Z2-—Warren Truss
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Figure 1.3-7. Concept 4—Truss
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Concepts 5 and 7 (Figure 1.3-8) utilize the advantages of double
folding (increased structure depth, fewer members and jointa, and
increased packaging efficiency) with provision of a rigid main
housing structure. Both concepts utilize telescoping battens to
deploy laterally to the larger crosa-smection shown. The increased
depth provided by the double-fold permitted conasideration of
X-braced tension cables (Concept 5). Howsver, in view of the sver
present concern for maintaining cable tension throughout the thermal
variation speactrum, a demign with compression diagonals was
connidered (Concept 7).

{ONGERON

DIAGONAL

CONCEPT 7

Y/

Q N

END VIEW
DEPLOYIHG THE ?IRST POLD

4

TENIION STRAP
CROSS-BRACING

END vIEW
STONED

Figure 1.3-8., Concepts 5 and 7—Truss

o Concept 6 (Figure 1.3-9) establishes a square truss version of

Concept 4, i.e., the same emphasis upon structural simplicity.
The squars truss can be sither statically detsrminate (battena
braced at end bays only) or redundant (all batten bays braced).
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Figure 1.3-9., C(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
utilities in trays.

-

FOLDING LONGERONS
TELESCOPING DIAGONAL

DETAIL OF JOINT

Pigure 1.3-10, Concept 8--Truss
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1.3.2 Utilities Installations

1-3-2;1

Requirements/0bjectives

The requirements/objectives for installation of the utilities into the
deployable atructure are as followa:

o]

Incorporate the adopted requiremeanta 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 nacecsary.

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

Minimum number of jcinta/connections along & truss with no joints
preforred.

Minimum number of in-space connections with nome being preferable.
This depends as much on the method of integrating the building
blocks into the platform, as it does on integrating the utilities
inte the building block.

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

Prntection 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)

Accesaibility - eame of instzllation, maintenance and replacement,
and accommodations of design changes

1.3.2.2 Installation Mesthods

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

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

) Inside structural members such as the longerons

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

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

Q If room is available, the tray method is preferred for
lutegration of a large quantity of utilicies.

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

1.3.2.3 Pluid lines

The fluid lines are nominally two centimeter :‘iameter flexible lines
containing Preon for cooling purpoees. Other sizes and shapes are avazilable
to suit the specific requirements of the varioua configurations investigated.
The two main problems encountered in using such lines asre the bend radius and
associated bending moment, and temperature control.

The bend radius required in any truss inatallstion dependd on the pitch
distance between batten frumes in the packaged configuration. The designer
naturally attempts to keep this distance as small as possible to obtain a high
packaging ratiu, hence the importance of bend radius. If it is uneraszary to
maintain the folded line in one plane the beat bend radius obtainacie is equal
to the pitch distance less half the diameter (Pigure 1.3.-11). If it is
osslble to overlap the lines out of plane, the bend radius can be increased
Figure 1.3-12).

The acceptable bend radius of a 2-centimeter-diesmeter flexible fluid line is 3
centimeters with an associated bending momeut of 7 Nm (courtesy of Metal
Bellows Corp.). In the evant that a 2-centimeter-diameter line cannot be
installed, there is always the alternative of using a greater quantity of
smaller lines ji.e. four 1.4 centimeters diameter lines. Another interesting
posaibility is the "race-track” shape (Figure 1.%-1l) which permits a small
bend radius. Table 1.3.-3 lists some characteriatics of utilities installed
on the Rockwell building blocka. In casea 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) ia
estimated to be sufficient protection (Sectiom 1.1.3). The MLI is retuined on
the outside of the flexible line by & loosely weven nylon jacket which will
not interfere with the flexing of the line.
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Table 1.3-2, Comparison of Utilities Ingstallation
WETHOD PRO CON
R A
@ SINPLE INSTALLATION=PERMITS ® EXTRA COST
STRUCTURAL ASSEMBLY, RIGQING, AND
YESTING PRIOR TO UTILITIRS INSTAL- | ® EXTRA VEIGHT (cE0)
LATION ® EXTRA SPACE
® ACCESSIBLE FOR DESIGN CMANGES
® EASE OF MAINTENANCE & REPLACIMENT
TRAYS ® GOOD GAOWTH POTENTIAL
® WETEOROID IMPACT PROTECTION
® SEPARATION OF POWER AND DATA
 GOOD SUPPORT FOR LAUNCH
® DISPEASED AGAINST METEOROID IMPACT
® GOOD WEAT DISSIPATICN FOR ELECTRIC
POVER LINES
# SIMPLE INSTALLATION=PERNITS ® GROUND CHECKOUT - INCREASED FOLDING
STRUCTURAL ASSEMALY, RIGGING, AND TINE
I::Té:a PRION TO UTILITIES INSTAL= | o | \u(TED GROVTH POTENTIAL
coILs o ACCESSIBLE FOR DESIGH CHANGES ® NO HETEOROID IMPACT PROTECTION
s
LOOPS o €ASE OF NAINTENANCE ¢ AEPLACENENT | ® "O7 BISPERSED AGATNST HETEOROID
® LIGHTWEIGHT, LOW-COST INSTALLATION | \puncu SUPPORT COULD BE PROBLEM
® FAIRLY GOOD HEAT DISSIPATION FOR
ELECTRIC POWER LINES
® GOOD SEPARATION OF POWER AND DATA
® LARGE BEND RADIi OF LINES
® SINPLE INSTALLATION ® LINITED NUMBER OF UTILITY LINES
® ACCESSIBLE FOR DESIGN CHANGES ® HAY NOT BE ABLE TO SEPARATE POWER
OUTS 1DE ® EASE OF MAINTENANCE & REPLACENENT AND DATA
L
LONé¥;ONS « G0OD SUPPORT FOR LAUHCH NO METEONGID IMPACT PROTECTION
L J
® GOOD HEAT DISSIPATION FOR ELECTRIC ngag;ssr:assn AGAINST METECROID
POWER LINES
@ LOW-COST, LIGHTWEIGHT |NSTALLATION
® METEOROID IMPACT PROTECTIGN ® SMALL BEND RADI| OF LINES
(NEW TECHMOLOGY)
® GOOD SUPPORT FOR LAUNCH ® MAY REQUIRE INCAEASED LAY ANGLE
® LIGHTWEI1GHT INSTALLATION (INCREASED WEIGHT & LOSSES)
® DIFFICULT TO INSTALL= INSTALLATION
INSIDE DURING PIECE-8Y-PIECE STRUC. ASSY.
OF ® NOT ACCESSIBLE FOR DES!GN CHANGES
STRULTURAL ® DIFFICULTY OF MAINT. & REPLACEMENT
NEMBERS ® GROWTH POVENTIAL POOR
® MAY NOT BE ABLE TO SEPARATE DATA
AND POMER
® NOT DISPERSED AGAINST METEORQID
INPACT
® POOR MEAT DISSIPATION FOR ELECTRIC
POWER LINES

NOT SUITABLE FOR SMALL MEMBERS
{SMALL PLATFORMS)
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PITCH
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= \ __

RACETRACK CRUSS-SECTION
SHAPE PERMITS REDUCED
BEND RADI !

NS -~ BEMD RAD'US

|
-‘—~4 PITCH

Figure 1.5~-11. Utilities in One Plane

-BEND RADIUS

Figure 1.3-12. Utilities with Overlap and
Increased Bend Radius
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Table 1.3-3. Electrical and Fluid Utilities Characteristics
ELECTRiCAL FLUID
BEND BEND
RADLUS RADIUS
CONCEPT
METHUD {cm) METHOD L (cm
t TRAYS 6.3 TRAYS 12
2 TRAYS 3.3 OVERLAP FOLDS 20
3 CoILs 24.0 OVERLAP FOLDS 20
b OVERLAP FOLDS 22.3 OVERLAP FOLDS 14
5 TRAYS 2.9 TRAYS 4
6 DVERLAP FOLDS 22.3 OVERLAP FOLDS 14
7 TRAYS 2.9 TRAYS 4
8 TRAYS 2.5 TRAYS 3.1
8 LONGERON > 20.3 LONGERONS 20

1.3.2.4 Electrical Utilities

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

The twiated shielded pairs and coaxial lines are of small diameter and are
flexible and pose no problems pertinent to folding in the trayse or into lcopn
aa required. The type of overall platform design envisioned by Rockwell
avoids the problems of multinle coaxrial connectors. There are no coaxial
connectors on the trusses where flexin occurs and, siance the entire platform
ia packaged and deployed as a unit witnout plece-by-pisce assembly, there are
very few connectors in a line which may run from one end of the platform to
the othar, traversing several building blocks in the process.

Piber optice are sensitive to radiation degradation and to cracking caused by
thermal cycling. 4lso, at low temperature some fiber opticz ceasc to
transmit. The present drive in the industry is to improve fiber optic
materials and %o develop shielding to overcome these problems. This is liated
a3 a line item in the technology development me~rtion. In the event fiber
optics are not ready for 1986, coppe:rr lines can be used instead.

Power lines for upace platforms do not need the hesvy insulation commonly
founi on electiicel cables for earth applications. There is no moisture
problem in space and no requirement for "idiot pro.t ruggednesa”.
Consequently, a iight, looael. v n insulation is recommended. Such
insulation will save weight, o~ 2e Jlexivility, and avoid cracking when
folded.

Tie accoptable bend D/d rati - .- cciated with the aizes of pewer cables

galected are shown in Tabls L. -+4.
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Table 1.31-4. Permissible Electrical Conductor D/d Bend Ratios

BEND RADIUS
CABLE S1ZE 0/d (em)
0 6 2.45
2 6 1.96
I 6 1.55
WIRE BUMDLES 10 23

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

The permissible D/d showm ir Table 1.3-4 were obtained by review of the par-
ametric data (Figures 1.3-13 through 1.3-16) furnished by Tension Member
Technology (TMT). The review used a maximum permissible strain of 2.3% 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 net 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 Flgure
1.3-17 comes from the assumption of 10 cycles of folding (during installationm,
checkout, and final deployment) multiplied by a scatter factor of 4.

The analyses are all based upon the use of a 15~degree lay angle (essentially
standard cable fabrication practice).

0 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 1is 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 1.157%,
or a total of 2.35%Z. A 1l x 7 bundle of No. 0 conductors is
less critlecal. It is pertinent to note the cyclic 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 asscclated with bending these cables, to the D/d ratios
discussed herein, are not significant to the concept development. For example,
the limit bending moment incurred in bending a No. O cable to a D/d = 6 is

0.7 .

The background for the foregoing analysis 1s 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 indiwidual c:lle elements. The bending strain is a
result of the change of curvature of the elements as the cable is bent.
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Figure 1.3-13. maximum Bending Strain
—No. 2 Conductor
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Figure 1.3-15. Minimum Bending Curvature Ratio
—1 x 7 Structure
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MINIMUN BENDING CURVATURE RATIO
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Extenaional strain occirs when the elements of the cable are prevented from
axial movament due to friction forces among them, thus requiring the elements
to elongate or foreshorten to comply with changes in their local path length
as the cable im bant. This friction-induced extensional strain of the cable
elsments is in addition to any strain which may exiast due to tensile loading
and elongation of the complete cable amaembly., Torasional strains are the
result of twisting of the individual elements due to bending distortiona of
their helical paths.

Eoth the bending and torsional strains induced in individual cable elementa
become smaller for decreasing element sige relative to the total cable aize.
Extensionsl strains due to bending become smaller with reduced values of
intarnal cable friction.

The analysis described in this report assumes that both the extensional and
torsional strains ars negligible and that orly bending straina are
aignificant. 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 “loocass pack"” cable deasign. For aome
appiications, low cables friction can be achieved by encloaing the cable
assembly within a loocse~fitting tube or hose which containa a iubricant such
as a liguid fluoropolymer. OFf 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 frictionlesa cable which providas for minimum straia 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 atrands are arranged with one
atrand in the center of the assembly, a layer of aix 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 consist of a number
of "elements” (7 and 19, respectively). In each case, the "elementa” are the
smelleat subunits of the conatruction.

The numerical analysis included computation of the bending strains induced in
the individual cable elementa both during original manufacture of the cable
asgenbly and aa 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
stranda was opposite that of the atranda in the complete cable assembly. It
was also assumed that the 19 strands were manufactured as a "bunched"” strand
configuration. PFurthermore, the analysis required that the lay angle of the
alements within the atrands be equal to the lay angle of the strands within
the cable assembly. Without this restriction, the analyais wguld have
required en additional plotting dimension.
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The curves in Figures 1.3-13 and -14 are dimensionless and can be applied to
any size cable made with the indicated configurations. On each of thease
curvea, the reference angle O defines the location of the atrand within the
cable (© = O corresponds to the strand furthest from the center of curvature
of the entire cable sssembly). Similarly, the reference angle @ defines the
location of an individusl element within “hat atrand (# = O corresponis to

the element which is furthest from the cable centerline). The combinations of
0 and @ indicated in thease figures correspond to the locations of the

maximun element bending strain {minimum radius of curvature).

The curve for D/d = infinity corresponds to a straight cable assembly and
indicates the maximum bending strain (miuimum radius of curvature) in
individual elements as the result of the slements being formed into s double
helix during the cable manufacturing process. The location of this maximum
bending strain corresponds to @ = O for all values of 6. In other words,
for & atraight cable, this maximum bending strain occures in the cable
oelements which are furthest from the cable centerline.

The remaining curves for varioua valusa of D/4 indicate the maximum bending
strain (minimum radius of curvature) in the individual elements after bending
the entire cable assembly. In all cases, this marximum bending strain is that
which is produced as a cable element, which ims initially straight, and assumes
aoms finmel radius of curvature in the bhent cable asmsembly. Not included in
this analysis is any initial state of strain which the individual elements may
have had ams the result of wire drawing or heat treating processass occurring
prior to the olements being formed into the cable.

Note that the location of the mzximum 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 againat attempting to take the difference
between the D/d * infinity curve and any other curve to determine the change
in element bending strain dus to bending the entire cable asasembly. This
procedure will not yield accurste results in all cases, since the aite of
maximur pending strain within a straight cable may be differsnt than the asite
of maximum bending strain within a beant cable. Furthermore, even if the sites
of maximum bending atrain are identical in both the straight and bent cable,
it ia possible that for aome cable geomstries and beading diameters, the
radius of curvature of an individual element mar pass through infinity as the
cable ia bent, thereby producing a change in strain due to bending which is
greater than the net bending strain which asxistas either before or after the
cable is bent.

Figures 1.3~15 and =16 for the 1 x 7 and 1 x 19 configurationa indicate the
minimum bending curvature ratio, which is the minimum radius of curvature of
an outer layer element divided by the radius of that slement. Again, these
curves are dimenajonless, and they can be applied to any aize cable made with
the indicated configuration. The curve for D/d = infinity can be used to
deacribe the minimum radius of curvature of ons of the outer slementa in a
strailght cable. The remaiuning curves indicate the minimum radius of curvature
of oue of the outer cable nlements after the cable im beni.
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All the four curves have been corrected to take iato account the fact that the
diameter of the complete cable assembly increases with increasing lay angle of
the individual elements and stranda. In other words, for a D/d ratio of 10, a
larger banding 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 detemine the maximusm
bending strain produced in an individual element of a No. O or a No. 2
conductor as the result of the original cable manufacturing p.wceass or as a
result of bending the cable to & specified banding dimmeter. it is import:nt
to note, however, that when sstablishing a value for D/d, the "d" applies to
the cutside diameter of a bare conductor. Any insulating jacket which is
appliad aver the conductor must he ignored for purposea of determining the
naximum strain.

All the curvea require that the lay angle of the cable component be apecified
in order to determine the maximum bending astrain or the minimum bending
curvature ratic. Por a cable component which follows a simple helical path,
the lay apgle is defined a=s:

Lay angle = Arctan 2mr

L
whare

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

£ = 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 Deploymant Mechan.zation Concepts

The requirements for the deployment mechanism are:

o Automatic deployment - in apace, on the ground manual or GSE
aspistance is permissibdble.

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

o 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.

Q Compact or foldable.
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0 Low pover consumption.

0 High reliability.

o Suitable and safs for EVA operations in the event of a malfunction.
o Able to genarate extra force in the event of a "hang-up” or jam.

The following sectiona deacribe the deployment techniques conaidered in this
atudy.

1.3.3.1 Premssurization

Pressurization systems were investigated but no suitable applications were
discovered.

1.3.3.2 Cable Deployment Systens

Cable syatems are sometimes used for deployment and/or retraction of trusases
and similar atructurea. They may be used as the prime motive scurce or in
conjunction with deployment springs, in which case the cable may functicn as a
restraining device. Cable systems tend to deploy all the bays of a truss
simultanecusly or in a random fashion. This may be acceptable for a aingle
truss but is not acceptable for & aystem wiih many trusses. A remedy for thias
uncontrolled deployment ims to tie all of the batten frames together by latches
which are released sequentially. Alternatively a "hold-back” sequencing
mechaniam can be incorporsted in the main housing. Another and more complex
method is to have a separate cable syntem for each bay.

Depending on the truas being used, a cable system will probably not develop
root strength of the trusa unlesa it is aided by auriliary guide rails.

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

1.3.3.3 53 -red 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 and leas relilable. Mechanical springs used may be tension,
torsion, compression, leaf or any of the other forms available.

Spring deployment syatems hava many of the same characteristics as cable
systema; simultaneous bay deployment, lack of accurate control over deployment
rate, and lack of root strength development. Thesa drawbacks can be overcome
by the addition of other devicea, such as restraining cables, sequenced
latches and guide rails.

Concepts 4 and 6 were initially designed for torsion apring deployment using
sequenced mechanisma as shown in Figure 1.3-18. This is a mechaniam which
holds adjacent battens together as part of the truss atowed stack. Upon
recaipt of & command sigral, a fuss wire which holdas together the two halves
of a nut is melted. The nut and bolt separate and the batten is free to

deploy under the influence of torsion springs (not showr).
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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 depluyed. 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 wers used in the design of longeron latches as shown in

Figure 1.3-19,

Te T e 0Ta,

.
i ssaielelies
n‘:‘?““ ‘

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

Figure 1,3-19. Longeron Latching Mechanisms
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1.3.3.4 Mechani{cal Deployment System

The mechanical deployment system used is the same or equivalent to the recipro-

cating tape and pulley with Iintegral guide rails developed by General Dynamics
for their tetrahedral truss (Figzure 1.3-20).

Figure 1,3-20. Deployment talls
and mMechani g,

The system consists of two gulde 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 ccmpletely contvol the motion of the truss and to
develop root strength, the gulde rails need to extend a distance of two
deployed bays from the front of the stowed truss stack. The mechanism needs
to extend only half way along that distance. The pulleys are motor driven
and are controlled electrcnically. A method of folding the guide rails and
mechanism is shown on Drawirg 42712-016, sheet 4 {Volume II}.

ORIVE MOTOR

DIGITAL
SHAFT ENCODER

SPAGCXET

BEAM NODE

MASTER
. ﬂ CONTROLLER

CONTROLLEA

POWER

/(j? CONTAOLLER

Figure 1.3~-21. Detail of Deployment Rail
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Por a truss vhose piofile changes during deployment (Concepts 1, 2 and 3} the
two rail system just Jescribed is uwsed. Howvevar, for trusses whose profile
does not changs during deployment {Concepts 4, 5, 6, 7 and 8) a variation is
available. It is poesidle to use 3 or 4 guide rsils, (depending on whether
the truse is trisnpular or square) the length of the rails being equal to only
ene bay in front of the stowed trusm stack. The operation of the rails and
mechaniam 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
froz the drawbacka of the other systems considered.

1.3.3.5 Payload Deployment

One problem associsted with the use of guide rails arises vhen extending a
truss which has & payload or module so wide that the guide rails cannot
straddle 1t, (Figurs 1.3-22) and therefore cannot be unfolded until the truss
has extended and moved the large payload out of the way. Obviocualy, if the
guide railas are not in position when the truss/payload is moving, there is no
root atrength developed.

HOUSING

PiL
-—1;—-——

RAILS RAILS IN
STOWED POSITION

Figure 1.3-22. Deployment Rail Issue
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The ‘e are several possible sol-tionas.

3olutior. J: Use fixed 1ails (Figure 1.3-23). This design uses more atowage
length in tle orbiter and the large payload is not supported
directly from the main housing.

N4/
I\

L

Figure 1.3-23, Fixed Rail Method

Solution 2: Penetrate the module (Pig ~s 1.3-24). It 1is not likely that the
rails would be alloved *us penetra‘e an actual payload but it ia
quite poesible that tusy could ponatrate a structural module.

Figure 1.3-24. Penetration Method

Solutjon 3: Spar booms (Pigure 1.3-25). This appears to be the most feasible
solution to the atated problem for situations with payloada and
modules as well.

RAILS IN POSITION

‘ e ' =
_/-r\_ e . 7 4
— e B ————
) SN ~
)
e PP \\\
L \ _—
2 SPAR BOOMS RAILS STOWED BOOMS RELEASED
EXTENS IONS & RETRACTED
? | Figure 1.3-25. Spar Boom Method

¢ -~ -‘E?
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1.3.4 Main Housings and Adapters

This sectinn describea the array of main housings and adapter designs (Pigure
1.3-26) developed for the candidate concept trussea (discussed in Section
1.3.1) that are compatible with the building-~block concept. Additional
information ia provided in the drawings listed in Volume II.

Bmphasis in :he drawing development waa placed upen concentual rather than
detailed design. Of primary concern was the overall corcept integration with
the truss, rail syatem, accommodation of docking ports and payloads, and
suitability for inter-building-block atcachments. Sufficient detail was
precented to support the weignta and cust analyses (Section 1.4}.

The primary functions of the housings are aas followa:

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

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

o Provisions for mounting of docking port suppott rings for orbiter
berthing or payload attachmeut,

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

o Provision for atr.ctural attachmeats for orbiter installation.

The atructural concept for all the main housings shown is expected to be built
up from numerically controlled integrally machined aluminum panels (2219-T6 or
equivalent) to a truss or alin-stiffensd construction deperding on the
specific design conditiona. Thermal gradierts can be greatly minimized to
reduce the local thermal distortion (if required}. If aluminum is not
adequate, (depending on the pointing accurncy requirement) the main hcusing
can be conatructed of composite materials, but with incresased cost,

The adapter functions are as follows:

¢ Provision of attachments to mount onto the extremity of the basic
deployable truss.

o Provision of all hardware to permit subsequent WMS attachment ot
payloads, RCS modules, snd/or oroiter berthing ports.

0 Provision of automatic electrical snd fluid line connectors.

o Provision of atruetural stability to the main housipg during
orbiter boost. '
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Figurc 1.3-26. Candidate Housing and Adapter Concepts
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While three concejts are skown for the adaptar, the most likely conatruction
is that of a numerically controlled, integrally machined aluminum design
(thermal stability permitting). The machined panel permits the greatest
flexibility for mounting of latches, connesctors, ete.

1.4 DEPLOYABLE PLATFOAM SYSTEMS CONCEPT INTEGRATION

This section demcribes 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
salection atudy of Section 4.

Unqueationably, a comparison of thase diverse designs for matisfaction of &
specific platforms unique configuration and performance requirements
representa an am-le challenge but is possible within the scope of thias atudy.
Comparison of the B conceptes for more than one platform of difilerent size,
strength, stiffness, and utilities accommodations needs, while preferabls, was
beyond the acope of this study. The best compromise therefore, was to perform
the comparison in detail (production of drawings) for one baseline platform
dasigned to one aet of baseline requirsments and, to the meximum extent
possible, analyze and/or review the implications asscciated with departure of
size and requirements from the baseline.

The generic 'platform described in Section 1.2 waa the baseiina platform, with
the sdopted strength, stiffness, and utilities accommodations representing the
baseline requirements. All 8 concepta wers constrained in asize to permit
packaging of the generic platform in the orbiter as schematically shown in
Pigare l.4-1. Additional details pertinent to packaging are shown on Drawing
42712-02C (Volume II). The rusulting deployable truss dimensions ars shown on
Figure 1l.4-2. It is recognized that other optiona for each concept are
posaible. The options shown were the most likely at that point in the atudy.
In fact, Concepts 2, 6, and & were subsequently (after completion of
structural and thormal analyases) packapged as shown in Pigure 1.4~3, permitting
an increase in the truas width and depth. Hence, the data shown in Section 4
for these concepts are slightly pessimiatic.

CONCEPT 2 CONCEPT )
CONCEPTS 4, 5, 7 CONCEPTS 6 & B

Figure 1.4-1. Concepts for Packaging of
Generic Platform
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NOTE: All dimenslons |
are [n meters. f

Figure 1.4-2. Structural Concept Dimensions
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CONCEPT 2 CONCEPT &, 8

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

Referring to Figure 1.4=2, it is pertinent to note that the largeat truss

dimenaions compatible with orbiter space available, were used for the
following reusons:

o Packaging efficiency is increassd with increase in truss depth

o Best accommodation of utilities
0 Pewest structural members and joints (reduced coat and minimum
weight)

The following sections describe the structural sizing method and approach, the
8 integrated candidate building-block 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 selectio-. Finally, a
discussion of signifizani miscellanecus issues is presented.

l.4.1 Structural Siring Method and Approach

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

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

0 The individual compreasion load in conjunction with the member
lepgth and mpecified material properties was input (automatically)
into a column analyses subroutine. A CRT plot for each member is
obtained such as that shown in Figure l.4-4 for either longeron,
batten, diagonal, or pyramidal members of circular, square,
rectangular or I shape. The material properties used for the
7300/934 graphite composite design was EL~143,000 and Er =
17,250 mpa and for the P755/934 Ep = 231,000 and Ep = 28,000 mpa.
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Table 1.4-1. Structural Sizes to Adopted Strength and Stiffness Requirements
CONCEPT CHARACTERISTIC LONGERON FYRAMIDAL DIAGONAL BATTEN **
(:) ULT. LOAD (KN) 28.8 12.0 15.3 5.4
SKRAPE H T C T
I DINMENSTONS {CM) 5.0, 0.43,2.5,0.43 55 0.1,5.3,0.18 1.7, 0.15 5.4, 009, 4.6. 013 |
. ULT. LOAD (KN) 24.3 19.6
@ SHAPE i — € _
DIMENS NS (CM) 3.8, 0.43, 2.5, 0.43 [ — 37 0.28 |
ULT. LOAD (KN) 12.5 4.3 2.1
(:) SHAPE [« C —_ C
DIMENSIONS (CiM) 4.4, 0.26 2.8, 0.31 2. 8, 0.18
ULT. LOAD (KN) 6.0 14.4 10.3
(:) SHAPE, C — T C
DTMENSIONS (CM)} 3.75, 0.51 4.7, 0.18 3.1, 6.19
ULT. LOAD (KN) 2 e 12,5 5.2 6.9
(:) ] SHADE R —_ TERSION 1
DIMENSIONS (CR) 4.75,0.12, 2.5, 0.15 STRAPS K-I, 0.15, 5.1, 0.15
__ULT- LOAD (KN) 22.4 ¥ 9.5 5.9
® SHAPE T — C T
DIMENSTONS (CM) a5, 0.5 4.5, 0.T8 2.0, 0.73
ULT. LOAD (KN) 2@ 12.5 10.4 5.9
@ SHAPE R - R T
DI TONS (oK) 1.75,0.13,2.5,0.15 §.8,0.13,4.8, 0.13 [ 10.5,0.i5. 5.1, 0.15
ULT. LOAD (KN) 28 11.9 ¢ 10.7 5.9
SHAPE R | - R T
[ DIMENSTONS {CH) 3.5, 0.22, 24, 0.25 3.3, 0.48, 2.5, 0.23 8.7.0.10 4.6, 0.1

| KEY To pata |

o

® DATA OF TELFSCOPING MEMBERS REFER TO INNER MEMDER.

SHAPE DENOTED BY C
DIMENS IOHS:
5.0 x 0.125 €M

E—G.S SHAPE DENCTED BY R
- DIMENSIONS: 5.0,
15:[ DEI--‘ 0.5, 2.5, 0.4 (A
5.0~

0.3

F—ao—

0.4 ODIMENSIONS:

SR

SHAPE DENOTED BY I
4.0,
0.3, 2.0, 0.h N

NOTES :

*SHEAR WEB FOR CONCEPT 2
—2.5-CM-DEEP ALUMINUM
CORE, 0.CT5 CM GRAPH-
ITE EPOXY FACE SHEETS

**BATTEN OR LATERAL

® MATERIAL IS T300/934 GRAPHITE EPOXY COMPOSITE UNLESS NOTED BY + {(ADJACENT TO LOAD) WHICH DENOTES
T768/934.

® SIZING 1S TO ADOPTED STRENGTH AND STIFFNESS REQUIREMENTS.
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Figure 1.4~4. Example of Column Sizing Data

For the longerons, data such as shown in Figure 1.4-4 vare compared
with the AE requirement compagiblg with the adopted flexural (EI)
atiffness requirement of 2x10% nm~. For sxample, for Concapta

1, 2, 4, 6 and 8, the AE requirement was more critical than the
column stability requirement. For these cases the higher modulus
material was used to maintain good packaging efficiency and/or avoid
solid members. Note that for an EI requirement equal to half the
adopted value, the T300/934 would be used. The cost penalty with
use of the P753/9%4 was accounted for in the fabrication cost
anaslyses. For all the longerons the sizes were based upon the best
compromime, through discussion with the designer, in regard to
packaging, suitability of and joint attachment, and space for the
folding joint.

For the diagonsl, battens, and/or pyramidal members, the data such
as shown in Figure 1.4-4 were developed with sizes determined based
upon the beat compromise with the designer as demcribed above. The
sizes obtained were checked [excepting Concepts 2 and 5) for
satisfaction of the adopted toramional stiffness (GJ). For Concepts
1, 3, 4, 6, 7, ang 8 5he desisna satisfied the adopted tursional
atiffness of 5x10° ¥m® (Concept 3 in fact had a G five times
greater than that required). For Concent 5 the X=-bracing members
AE values were sized to satisfy the GJ requirement. For Concept 2,
NASTRAN anelysis was used. The NASTRAN apnalysis included elastic
stability analysis and shear atiffneas analyses of the individual
panel, including the cutouts (reinforcing around cutouts}. FPurther,
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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 th= above discussion, are shown on
the structural drawings of the 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 encompessed the housings,
adapters, utilities support trays, and launch support cradles.

1.4.2 Eight Candidate Building-Block Concepts
1.4.2.1 Concept 1

The structure {Figure 1.4-5) is a pentahedral 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-gections (e.g., E::] or I) are used which
nest one within another, thus permitting a higher packaging ratio.

* DEMLOYSFOLD AXIALLY
o H SECTION FYRAMIDAL MEMEERS
=0 SECTION LONGIRONS

+ O MCTION DIAGONAL

o i OTION LATIRAL

aNO OFFSET LOADS AT JOINTS

LATERAL |-SHAPED
,;’/’ MEMBER

CLEVISES — —

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 ralls by means 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 stack 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 payload: or modules and contains mechan-
ical/structural latches, electrical/fluid interfaces and an alignment system.
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The elscirical utilities are mounted in trays which are attached to the truas
pyramidal members and pivot about the tray centerline (Figure 1.4=6). There
is ample room for the full complemen: of utilities. The fluid lines are
inatalled on the square face of the truss in a series of pivoting trays.

The packaging ratic im 15 to 1.

k]
5
x>
-
¥
£ 1 T

» L

» @, L)
seb v arrrracs -mﬁ{v.ntfl rasw

!

Figure 1.4-6. Installstion of Utility Trays
(Concept 1)}
1.4.2.2 Concept 2

This concept 1s a deployable Warren truss, as shown in Figure 1.4~7. The
truss 1is supported in a housing during orbiter launch and is deployed 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 be packaged. For
the truss to be under control during deployment, the minimum length of the
vails is equivalent to the length of two bays plus stack length. This wi]l
usually provide fairly long rails which need to be folded for convernlent
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 diapgonals and rigid sandwich panels that form
the shear panels. Because the panels are rigid, there 13 a cheice of design
such as machined waffle or honeycomh panel.

¥ach longeron ia hinged at the middle, and the two half~-longerons fold one
inside the other. Thers is an offset between the axes of the diagonals and
the longerons.

The adapter is a aquare, rigid azasembly which alec acts as the last shear
panal iu the truss. It 1s the interface for payloads and other modules and
contains all of the elementm neceassary for alignment, berthing and utility
interfacing.

The design of the shear panels is particularly 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 pansls. The fluid lines which use elbow fittings, to avoid small bend
radil, are mounted in similar fashion in other slots in the shear panels.

The packaging ratio is 21.6 to 1.
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o DEPLOYS FOLDS AXIALLY
® PLATE TYPE SHEAR MEMBERS
¢ ROUND SECTION TELESCOPIC DIAGONALS
Q) SECTION LONGEKONS
* LONGERONS ARE COFFSET

DEPLOYMENT

ADAPTER / RAILS

DETAIL OF JOINT

Figure 1.4-7, Concept ¢

FLUID LINES

\DATA LINES
POWER LINES

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

Concept 3, the tetrahedral truas, is the Jeneral Dynamics design used in ita
entirety (Figure 1.4-9;. It is a good, practical design of a deployable truss
which has bee: demonstrated as a working model on many oczasions. The truas
is a double-f.1d system which packages into a small volume. All of the
nembers are round tubes which converge without offset at the joints. Springs
are ussd at the joints to amsirt in the final deployment of struts and to lock
them in position.

ADAFT!I/
Figure 1.4-%. Concept 3

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

During deployment the trusa develops root atrength through Lts interface with
the guide rails. Subsequent to deployment, root strength is developed througn
the attachements batween the truas longerons and the main housing, or between
the truass longerons and a subsidiary structurs (Section 1.4.3.3) which is
deployed for that purpoase.

The adapter consista of folded plates attached to the truse. It is
automatically evected 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 double folding of the truss causes some problens with the utilities
installation (Pigure 1.4-10 ). To install the full complement of utilities,
the alectrical cables are mounted on the extarior of the pyramidel members in
a looped configuration. They will extend sasily but must be retracted and
ra-looped manually. Ths fluid lines are mountasd on the lateral members in a
neriss of folds.
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The packaging ratio is 20 to 1 {alone the length).

o ALL MEMIKRS ARE ROUN . TUMS
¢ DOURLE-FOLD SYSTEM
* NO OFFSET LOADS AT JOINTS

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

1.4.2.4 Concept 4

This concept (Pigure 1.4-11) is a triangular truss which deploys/retracts
axially © sut changing ite end profile. Each bay consists of a rigid
triangu. - . rame, three folding longerons, and three telescopic diagonals.
"a8 .r.we lungerons folded into the stowed configuration are shown in

Figu:. 1.4-12. It is recognized that there will have toc be a support in the
middie c¢f the triangular frame to brace the longerons during launch. All of
the trucs members are round tubes which converge at the corner fittings
w.thout ot’aet. The fclding of the longerons toward ths middle instead of in
iine with the batten tubes and diagonals is necessary tc achieve a high

packaging ratio.

The main houaing is 4 conventional rigid framewerk which contains the folded
trusa and deployment mechaniam, and carriess the loads from the truss into the
reat of the deployable platform. The selected deployment mechaniam is &
reciprocating device which daploys and rigidizes the truss one bay at a time.
Initially, torsion springs were used but were replaced by a reciprocating
mechanism for tetter packaging. During truss deployment, root strength is
developed by guide rails which are stowed alongeide the housing when not in
use.

Becauss the truss does not change ita triangular end profile dimensions while
deploying, there is a choice of using either two or three guide rails, i.e.
with two-guide rails a rail length aqual to 2 bays plus the astack length is
required; with three guide rsils a rail length equal to 1 bay plus the stack
length is required.
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MAIN

* Deploys/folds axially / HOUSING

o All menibars are round tubes
elongerons with center hinge joints

# Telescoping diagonals
o No offset loads at joints

“ ADAPTER

Figure 1.4-11. Concept 4

FOLDED
LONGERONS

Figure 1.4-12. End View of
Folded Configuration

The adapter is a rigid triangular asaembly which can be identical to that
deacribed for Concept Wo. 1.

Utilities cannot be mounted in t.oays heca.se the longerons are folded into the
center. Therefore, they are mounted dj.ectly onto the batten frames in a
series of folda (Figure 1.4-13). PFor the full complement of utilitiss they

ure inatalled un both the inside and outside of the battens.

With the use of the reciprocating deployment system, a packaging ratio of 20.2
to 1 was achieved.
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QNLY OME CABLE 1S SHOWN,
THE INMNER & OUTER SUIMFACES
OF ALL THREE SIDES ARE

USED TO MOUNT UTILITHES

Figure 1.4-13. Utilities Installation
{Concept 4)

1.4.2.5 Concepts 5 and 7

Concepts 5 and 7 are the same sxcept that Concept 5 1s a tension X-braced
stTucture, whils Concept 7 uses compression diagonals for shear and torsion
capability. Concept 5 'sfill be described (Figure 1.4-14).

Concept 5 is a triangular mection truss which deploys along two axes. Firat,
the triangular aection sxpands to approximately 170% of its original size;
then, the truss deploys along ita longitudinal axis. A high ratio of deployed
length/stowed length is achievea by all of the crosa-bracing snd longerons
neating inside the batten frames when stowed.

¢ CONCEPT 3 CROSS BRACED WITH TENSION STRAPS AS SHOWN
« CONCEPT 7 BRACED WITH COMPRESSION DIAGONAL
® TRIANG ULAR BATTERN FRAJIE
* EXPANDS 70%
o H SECTION MEMBERS
* (][] LONGERON SECTION
¢ LONGERCONS & DIAGONALS
NEST IN THE BATTENS
® NOQ OFFSET LOADS AT JOINTS

ADAPTER

Figure 1.4-14, Concepts 5 and 7
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The expanding triangular batten frame is of H-gection conmtruction. The
longarons are a channel cross~section with a hinge and a latch at the mid
length. The crosms-breces are rectangula. nection tenaion strapa, constructed
of a graphite/rubber composite or similar material which has a low CTE and io
flaxible enough to benave as a strap instead of a rigid bar. The cross-braces
are rretensioned by deploying the truss bays. The longerons serve as natural
over-center tenaioning devices to apply load to the cross-brecea which are
accuratesly fabricated to a predetermined ’ength.

The sxpanding triangular truss .s stowsd in an expanding triangular housing.
As the housing expands it pulls the truass with it. The housing which is made
in thiee sections is expanded/contracted by a number of powered screw jacks.
The expanding force from the housing tco the truse is via the guide rails
attached to the houming and the guide whesls which are attached to the truass
battens. As in Concept 4 the number of guide rails can be either two or
three. The longitudinal deployment mechanism is # "standard” reciprocating
ayatem using the guide rails.

Concept 7 is shown in Pigure 1.4-15. Becauss of the double fold nature of the
truss, the compression diagonal haa two folding joints in addition to a
tolescoping joint which is considered %n be a significant disadvantage.

DI AGONAL

N M, .
® COMPRESSION DJAGONALS %
TELESCOPE AND MiNGE V7
® DTHERWISE, SIMILAR TD rj> C ,
CONCEPT 5 - y
1

END VIEW DIAGON
STOMED END ViEW AL :
DEPLOYING THE A
FIRST FOLD

Figure 1.4~15. Concepr
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The full complement of utilities can be integrated iuto Concepts 5 and 7. The
elsctrical cables are inmtalled inside the truss triangle in trays which are
pivoted at their ends from clevises mounted on the battens (Pigure 1.4-16).
The fluid l’nes are outside the truss triangle on shallow trays vhich are
pivoted at their end from the battens.

A packaging ratio of 27.5 to 1 was achieved.
l.4.2.6 Concept 6

Concept 6 (Pigure *.4-17) is a lineatvly deployable truss with a aquare
eross-aection consisting of rigid batten frameas joined to each other by
folding longerons and telescoping diagonals pin-connected at corner fittings
integral with the frames.

The longernns (Figure 1.4-18) fold toward the miAdle of the truss at a
45-degree angle, have self-aligning sphevrical tall end fittings, and
hinge/lock fittings in the center of the longeron length. The telescoping
diagonals have a lock mechsunism and self-aligning end fittings.

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

Ail of the truss membera (round tubes for the longerona, battens, &nd
uiagonals, and rectangular straps for the lateral bracing) are loaded along
their centroids and converge without offseta at the batten frame cormer
.fittings.

The stowed truss is contained in a aquare rigid houaing to which the guide
rails and deployment mechanism are attached. The number of guide rails may be
2, 3, or 4. For 2 guide rails, the rail length is equal to 2 hays plus the
stack length. Por 3 or 4 guide rails, the rail length is equal to 1 bay plus
the atack length.

The folding guide rails and the reciprocating deployment mechaniem are the
aame aa in the concepta described previously. Iaitially, torasion springs wers
considered., The method of deployment is "one bay at a time," with root
stiffness developed by the guide rails during deployment. The longeronsa
attachment to the rear of the mair housing provides the load capability
subgequent to deployment.

The adapter 13 = square vigid assembly at the far end of the truss. It
contains all of the electromechanical latches, alignment features and
cohnections required for a payload/module interface.

TL@ full complement of utilities is attached to the batten frames in figure-8
lenps (Pigure 1.4-13). Both the inside and the outside of the batten framas
can be used {Figure 1.4-18),

+

With the use of the veciprocating mechanism, a packaging ratio of 20.4 10 1
was achieved.
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Figure 1.4-16. ytilities Installation
{(Concepts 5 and 7)

o All members are round tubes MAIN HOUSING

» Longerons wilh center hinge joints ﬁﬁ&
* Telescoping diagonals ‘ =7 05=
* No offset loads at Joints e N
¢ Battens braced by tension strups \ W <
:-../- ’ \ g, . e :‘A:' !

)
P

DEPLOYMENT RARS

Figure 1.4=-17, Concept 6
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AN
UTlLlTlES_J!.. i “

f\ ==

DETARL OF JOMY

Figure 1.4-18. End View Stowed

</
SL ‘:J

FOR CLARITY, ONLY TWO LINES ARE SHOWN

Figure 1.4-19. Utilities Installation
{Concept &)
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1.4.2.7 Concept 8

Concept 8 (Pigure 1.4-20) conaiata of square rigid batten frames connected
together by folding longerons and telemcoping diagonals. The batten frames
are H-ssction, crosa-braced by thin tension straps (as required in the
interior btays for redundancy). BEach longsron consists of two rectangular
section members with locking hingea at their centers. The diagonals are
rectangular asctions which telescope within each other. The diagonals and
longerons stov within the confines of the H~asction battens. In the deployed
configuration all the members convergse at a common point.

The houning, rails, deploymsnt aystem and end sdapter are the same as in the
aquare truss of Concept 6.

Concept 8 has the advantage of utility trays which can extend the whole width
of the interior of the batten frames if desired, permitting a large =o2paration
baetwesen power and data iines plus the advantage of growth in the number of
lines (Figure 1.4-21).

A packaging ratio of 22 to 1 was achisved.

* DIMLOYI/FOLDS AXIALLY MAIN HOULING,
® | SECTION BATTEN FRAMES
o[ SECTION TELIICOPING DIAGONALS

,_‘;‘“:n;:‘f:?;‘
=0\
T IR
T
NE

N
A -, i

i %‘
N
N

DETAR OF JOINT

Figure 1.4-20. Concept 8

Figure 1.4-21. Utilities Installation
{Concept §)
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1.4.3 Orbiter Packaging

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

1.4.3.1 Concepta 1 & 4

Concepts 1 and 4 are axially folding trusmes of triangular c¢ross-asect! .
Because of its better packaging ratio, Concept 4 uses less apm.e (7.5 M) ir
the Payload Bay than does Concept 1 (9.0 M), Pigure 1.4-22. Apur% from this,
the two concepts are identical in packaging and deployment. The figuree and
description apply only to the generic platform, although many otbar
configurations can be built/deployed by following the approach outl.roed {:
this rejort.

po—————13,562M

PAYLOAD RL____h [ Loms |

BAY l " KIT

) S

AN [ 9M, CONCEPT | =

\ 7.5M CONCEPT 4
DOCKING MODULE

Figure 1.4-22. Orbiter Packaging
—(oncepts 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, Jjoin
some of the building blocks together at their hinge points, and provide
mounting aurfaces for the spacecraft asystems.

Each of the building blocks is 8 single truss design, i.e., only one truas is
deployed from each housing.

The platform is assembled and checked out on the ground before it 18 folded
and placed in the orbiter. All of the utility connections 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 ars assumed, tlie platform could be deployed in about 72
minutes. Some trusmses deploy simultansoualy. There are three basi:
operations involved in deploying the platforms, i.e., recrienting the building
blooks, extending the trusses, and latching.

One sequence of operations to deploy the platform is shown in Figure 1.4-23.
Several other sequences arv posasible in achieving the same configuration. The
solar array is not shown as an integrated deployable item in this demsign,
although it is quite possible that it could be incorporated. Items such as
large payloads, modules, e*c., are added to the deployed platform by the RMS,
using the interfaces provided.

ORBITER i~
PAVLOAD e 7 N

\ } L syseamsto
. REMOVE STOWED
PLATFORM FROM
ORBITER

¢ REORENT THE
REMA INDER OF THE
BUDING BLOCKS

» EXTEND THE TRUSSES
TO COMPLETE THE
CONFIGURATION

* REQRIENT THE
BURLDING 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 discusaes the packaging and deployment segquence for arially
deploying building blocks, of square cross-section of which Concepts 2, 6, and
8 are typical exampleas. The three concepts are identical in packaging and
deployment with the exception of the alight difference of their lengths in the
payload bay (Figure 1.4-24.).
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e 13,562 M ——— ]

[ e
| PAYLOAD | OMS |
L BAY kit |

s+ 4

eDOCKING modus  8.2M, CONCEPT 2" ,00u11 9
MODULE ! 8.8 M, CONCEPT 6
' 8.2 M, CONCEPT 8

Figure 1,4-24. Orbitar Packaging
-—Concepts 2, 6, and &

There are five building blocks and two modules in the assembly
(Pigure/1.4-25). Of the five building blocks two are "asingles", i.e., one
truss from a main housing, and three are "doubles”, i.s., two truases, one
from each end of a main housing.

0 Module 1 mounts three of the building blocks and is a cradle which
supports them in the arbiter. Tt forms part of the deployed
platform and is umsed to mount apacecraft aystems and egquipment.

o Module 2 mounts the remaining two building blockas 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 aystems.

The complete package ims removed as a unit froa the payload bay using the RMS
end is retzined on the RMS (or mounted onto the HAPA) for the initial stages
of deployment. The stagea of the deployment sequance are:

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

o] Bxtend 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 complate the T shape of the platform.

The platform jia automatically deloyable without the assistance of EVA,

building/assembly fixturea or piece-by-piece assembly uaing the RMS. There is
no requirement to make electrical or fluid connectionms in flight except where
separate units such as payloads are added subaequent to deployment by the RMS.

1.4.3.3 Concept 3

Although this concept was successfully packaged (Figure 1.4-26) and deployed,
this atudy doea 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 trume to a
coiplete deployable platform aystem. Some of the problems which contribute
are:
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]} *UZERMSTO
,J REMOVE STOWED
PLATFORM FROM

\m ORBITER

®REORENT THE
BUILDING BLGC XS

# DIAGONAL TRUSSES
ROTATE ABOUT
THE HINGE PONTS g
ON THE HOUSINGS 4

X * EXTEND
THESE
Y Wg " TRUSSES

b - ®EXTEND THE TRUSSES
SHOWN

Figure 1,4-25. Platform Deployment—--Concepts 2,6, and 8

= DOCKING | 7 M I

MODULE

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

o The methods of jolning truss to truss, or truss *o module,
are more romplex. Lt 1s sometimes necessary fo erect a sub-
sidlary srructure for atructural continuity.

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

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

In spite of these difficulties, tue generic platform can be bullt using
Concept 3, It i3 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 ground from end to end of =he
platform. There are no connections broken/reconnected between stowage into
the orbiter and final deployment.

The platform consists of five buillding blocks and one module. Of the five

building blocks, three are "double building blocks,” f.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
aystems, join three of the truss together, and serves as a base for deploying
subsidiary structure for reactiag truss loads.

The packaged platform (Figure 1.4-27) is removed frow the orbiter by means of
the RMS. While it i{s 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

\/ ® USE RMS TO

- REMOVE STOWED
PLATFORM FROM
ORBITER
# REORENT THE
BULDING KOCKS

*ROTATE THE
QUTER TWO

N, «EXTEND
Pegs THESE
R T?ﬁfi\

.......

«UNFOLD TRUSSES &
SUBSIDIARY STRUCTURE

P *EATEND TRUSSES IN
f (RECTIONS SHOWN

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

Deploy the aubsidiary structur.- on the module. This includes &
dooiking port and attach points for reacting truss loads.

Erect the first fold of the trusses.

Exterd the trusses part way.

Make the joints at the module attach points.

Extend the truasses completely.

=]

0Q OO0

This completos the deployment of the platform. Payloads/solar array/RC3S podsa
may be added, am required, by a second launch or by using the empty portions
of the payload bay of the first launch.

1.4.3.4 Concepts 5 and 7

Concepts 5 and 7 are stowed in the orbiter (Pigure 1.4-28) and deploy to the
final configuration in identical fashion. The stowage and deployment shown
are for the generic platform only. [t is a completsly automatic deployable
gystem which requires r EVA and no asmembly or erection by RMS. The
deployable platform inc dea six buiding blocks and two modules.

MODULE 2
13.362M ——— 0
-
- ———— - /
, ! ..r"-— s
© | PAYLOAD T | oms
| | BAY i
| . ] j
MODULE 1 |
DOCKING 6.73M —=
MODULE

Figure 1.4-28, oOrbite:r Packaging
—Concepts 5 ard 7

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

) Module 2 mounts the remaining three building blocks. It does not
interfsce directly with the orbiter, but ia attached to Module 1.
It too forma part of the deployed platform and is used to mount
apacecraft systens.

The complete package is removed from the orbiter in ita stowad form by uaing
the RMS. While it im in the grasp of RMS (or HAPA) automatic deployment is
initiated. There ia no requirem=~t for a building/amsserxtly fixturs to hold
the platform while the RMS atta:ne. trusses or modules section by section. As
in all of the Rockwell platform de.loyment concepts, the utilitias are
inatalled and checked cut on the gound and not diaturbed thereafter.
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Becaunse of the high packaging efficiency, it 'a poanfﬁT}'to stow some of the
building blocks with their lengths normal to the major axis of the payload
bay, i.e., atov them "scrose” the ship instead of lengthwise. This pemmits
arrangements such that the building-blocks do not have to be reoriented to
achieve the deployed configuration.

There are only two stages in the deployment asequence {(Pigure 1.4-29),1i.e.,
expand the triangle shapes of the building blocks and extend the trusses.

Of all the concepts which were atudied, Concepts 5 and 7 proved to be the moat
suitable for packaging and deploying the Generic Platform. They stowed in the
ahortest length of the payload bay and required the least reorientation of the
building blocks.

THE TRUSSES EXTEND

I\
e
N\, /)
ORBITER
PAYLOAIN /
A 7
— <N\ -
4;' ( N '////
o AN *USE TO REMOVE
E*;’." 7 AN \.~, e STOWED PLATFORM
k) - FROM ORBITER
a0hsch .
<
.ﬁﬁqr
« DIAGONAL TRUSSES AL
ROTATE ABOUT THERR - ‘ut,
KINGE POINTS AS Yoy

* EXTEND THE TRUSSES * 5:3@.5';‘0;
» NO REORIENTATION OF ALL THE BUILDING
BUILDING BLOCKS IS BLOCKS

REQUIRED

Figure 1.4-29. Platform Deployment—({oncepts 5 and 7
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1.4.4 Thermal Analysis

A themu]l aualysis provided a prediction of the thermal gradients across the
candidate deployabls trusses (Table 1.4~2), The temperatures shown are the
average over tha length of each member. These gradisnta were determined for

thi. structural arrangerent/geometry shown in Figure 1.4-30 and for GEO
applications. LEQ applications have lower gradients due to earth and albedo

lwa.ing.

Table 1.4-2. Thermal Gradients Latween Longerons

r
d DIAGONAL TE":gggisg: (o) AT F'SEQETOF
CUNCEPT [ (m) PRESENT SUN SIDE | SHADE SIGE (°c) d/ (AT)
1 1.6 YES 21.6 -13.5 35,1 0.046
2 1.3 YES 20.7 -11.6 32.3 0.040
ND 24,9 4.8 19.2 0.067
3.0 NO 24.0 2.7 21.3 0.140
1.7 YES 21.7 -7. 4 29.1 0.058
5 2.5 YES 23.8 -36.0 59.8 0.04]
(Ts)*
6 1.3 YES 22.5 -22.6 451 0.029
2.5 YES 23.6 -56.7 80.3 0.031
1.3 YES 22.5 -17.5 40.0 0.031
%#{TS) = TENSION STRAP

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

Por analysis, each configuration can ba represented es a Z-section (Figure
1.4=31) or as two parallel members if a diagonal is not pressnt in the plane.
A thermal math model of the Z-section is used for the analysis. It conaiats
of 24 nodes and provides for conduction betwsen nodes. The construction
material ia graphite composite. The surface radiation properties were assumed
to bs nearly black. Emmittance apd abaorptivity values of 0.85 wers used.

The thermal medel for the two parallel member cases is a aingle node heat

balance.

Two importan: assumptions in the analysia are the sstimate of the shadow time
and the viaw factor for solar impingement during shadow. The shadow time tg
{minutes} ie estimated by the following expression. For two parallel members,

ty « 8(0.2566 + ain~1 D/S)

where D = member diameter
S = distance between members
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Concept Arrangemaent Concept Arrangement
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¢ |o/ 0= ¢

Figure 1.4-30.

Structure Arrangement for Thermal Gradient Analysis

(pimensions in Maters)

/""" SHADED
LONGERON
/DiAGONAL

SUN-EXPOSED

LONGERON

rigure 1.4-31. Thermal Analysis

Configuration
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This expression accaunts for the size of the shadowing membsr, the distance
between membera, and the included angle of the sun. PFor the l-section, a
modified form of this expression was used. The distance between members was
allowed to vary with nodal position.

The view fector for solar impingement of the shadowed member was approxrimated
by the following cosine function,

F = cos? (180 t/tg)

mhia funection has a value of unity at the extremea and a value of zero at the
center of the time interval,

Table 1.4-2 algo illustrates the parvameters to evaluate the re’itive merit of
each concept for thermal stability. The end rotation of a beam 2 is
determined by

g - alAT)2
d

For beams cf equal length ard the same material, then @ is proporticnal to
(AT/d) or the figure of merit is proportiomal to (d/AT) with high values

being best. The foregoing data were based upon the structural deaign sizes as
determined by the strength/stiffneas chavacteristies, packaging, minimum
weight, and joint design considerations. 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 platforma). Also, since
the data are bagsed upon o/e = 1.0 with ¢ and a = 0.85, if reduction of

the thermal gradients ia required, initial values of a = 0.10 can be

realized by wrapping the graphite composite structure with silver teflon

tupe. Though o will inerease over the life of the structure, particularly

in the GRE0 environment, the end of life value will be leas than 0.85,

A perspective on these thermal gradients is appropriate. For a 40-meter
cantilever using concept 6, the end will have a thecrmal induced rotaticn of
0.028° (a = 0.%6 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 accuraciea should be 0.05 to
0.10 degree (based on atatistical analyses). If uecessary, a value of 0.28°
can be reduced by many of the techniques delineated above. In addition,

placement of the sguare cross-section as shown in Pigure 1.,4-32 can reduce ihe
0.028° rotation to approximately 0.020°. If necessary, larger trusaes

(Figure 6) can further reduce the end rotation. The use of compozites with
negative coefficients of expanasion and metal fittings can also reduce these

rotationsa.

In the light of the foregoing, it is also appropriate to note that a 22.2 N
shear on the end of a 40 m cantiliver will induce an end rotation of 0.005°
for the adopted flexural atiffness, or for 4.45 N induce an end rotation of
0.001°". Hence, RCS induced distortions are small by comparison.
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{NO DIAGONAL
SHADOW FOR

SUN AT A)

‘—,m-—————d=-“=—-u-_“‘ ‘“__———'“"—-‘———~“h~‘

Figure 1.4-3". Approach to Reduce
Thermal-Induced Truss Rotation

1.4.5 Mass Properties Analyzis

The resulta of the deployable platform syatems mass properties analysis of the
generic platform contructed from Concepts 1 through 7 are shown in Yable
1.4=3. These masses are determined by a combination of detailed calculations
where specific structure sizing was availrble (deployable trueses, for
exampleg, and standard preliminary design mass estimation techniques
{housings, for axample). The generic platform mass is based upon the adopted
strength, atiffness, and complement of utilities delinsated in Section 1l.1l.

Table 1.4-4 illustrates the major differences in the masses for Concepts 1
thirough 8. The data for Concept 8 are estimated from the data provided for
Concept 6 in Table 1.4-3. The data shown are used in the orbit transfer cost
data described in Section 4. The data in Table l.4-4 were alsc used as a
basepoint for extrapolation of the weight differences for a genmeric platform
designed to 1/10 the adopted atrength/stiffness requirement (Table 4.3-5).

A review of Table 1.4=% illustrates all of the candidate deployable platform
systems, including a 20% growth allowance, are launchable to a 210 nmi orbit
28.5* inclination (Pigure 1.4:33) without use of an OMS kit. The balance of
mass between the valuea shown snd an allowable 20,000 kg is available for
payloads, RCS propulsion modulews, etc. An addditional 2500 kg is launchable
if an OMS kit is provided. The 210 Nmi orbit is -onsidered suitable, since
for the generic platform, decay to 150 nsutical milea would not occur until 60
days after inmertion into orbit. This is comnsidered ample time for
deployment, installation of payloada, checkout, etc.

1.4.6 Coat Analyais

Consideration was devoted, in support of the Concepts Selection Trade, to the
establishment of the relative costs associasted with the design, development,
tssting, special technology needs, fabricetion, shuttle launch, and orbdbit
transfer of GEQ platforms. The design, development, and testing coats were
rot included since they are dependent on the number, types of application and
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Table 1.4-3.

candidate Conce

pts Generic Platform Mass Summary

MALS (KG)
1TEM CONCEPT 1] CONCEPT 2| CONCEPT 3 | CONCEPT & § COHCEFT 5 CONCEPT 6 | CONCEPT 7

1. BASIC TRUSS STRUCTURE 1,924 3,133 1,346 1,802 1,616 1,810 2,192
2. BASIC TRUSS JOINTS 1.325 890 965 1,652 623 1,890 1,264
3. UTILITIES INSTALLATION EQUIPMENT 813 202 118 283 7h9 199 743
4, UTILITVES 2,554 2,569 2,544 2,559 2,557 2,554 2,557
5. HOUSINGS 6715 540 35k 599 597 559 597
6. ADAPTERS 52 5 95 60 89 13 89
7. HECHANISHS 476 N7 803 572 5ky 789 548
8. HOUSING-TO-HOUS NG ATTACH. MECH. 127 156 178 128 98 156 98
9. SEPARATE DEPLOYABLE STRUCTURES - - 68 - 102 - 102
10, DOCKING PORTS 409 409 409 h09 %09 k09 A09
11. COMTROL MOBULE EQUIPMENT 2,004 2,004 2,00k 2,004 2,004 2,004 2,004
12. MISCELLANEOUS 23 91 91 23 29 91 29

SUBTOTAL 10,382 10,496 9,575 10,091 9,422 10,534 10,638
13. ORBITER INTEGRATION WEIGHT 2,240 2,547 3,h40 2,154 1,130 2,774 1,130

SUBTOTAL 12,622 13,043 13,015 12,245 10,552 13,308 11,768
1h, GROWTH (20%) 2,525 2,608 2,604 2,b4s 2,1%0 2,662 2,353

TOTAL 15,157 15,651 15,619 14,663 12,662 15,970 14,121

AlLiYND ¥00d 30
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@ DAYA SHOWN FOR 28 .5 DEG INCLINATION ONLY
@ SHADED AREAS REPRESENT PPIMARY REGIONS AFFECTED

3o INTEGRAL BY PROGRAM VARIABLES., PAYLOADS REQUIRING PERFORMANCE
- e oMS iN THESE REGIONS SHOULD VERIFY CAPABILITY WITH
L7
5 J—‘?’f-}'? 5 JSC AS EARLY AS POSSIBLE
- ?.-‘"-;..'I e
. 3 f'ff:’-f-"/f/‘,.é FIRST OMS
x ..-,.'.-,.,,;3-,':{. :‘é KIT ADDED
- a"o:.:.'-
3 % SECOND OMS
: KIT ADDED
<
2 101
3 THIRD OMS XIT
5 ADDED
1 I 1 I
100 200 300 400 500 600 700 800
CIRCULAR ORBIT ALTITUDE, N MI
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= 22,500 KG

Figure 1.4~33. Orbiter Payload Ma...~—Launch/Landing Constraints
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Table l.4-4. Comparative Massg (kgx'10'3)-ceneric Platcform

CONCEPT
1IEM L 2 1 ] s | 6 7 1 8
BASIC TRUSS ELEMENTS 19032 ) 20} 18| 16| 1.8 | 2.2 1.8
ALL JOINTS 1.3 |09 10| 16| 06| 19| 1319

UTILITIES INSTALLATION

SYSTEN L8 | 0.2 0.1 | 03 0.7 | 0.2 6.7 | 0.7

HOUSING AND ADAFTERS,

HOUSING-TO-HOUSING ATTACH. 0.9 | 09 { 06 08 08} 09 08 06

DEPLOYABLE STRUCTURES FOR

DOCKING PORTS - - 011 - 01 - 0.1 | -
TOTAL 49 { 52 | 3.8} &5 | 3.8 &8 | 51150
A WSS 10 {14 { 0.0 )07 ] 00] 10| 1L3] 12

ALL DESIGNS, INCLUDING ODEPLOVMENT MECHANISMS, ¢TILITIES LINES, DOCKING POATS, CONTROL MOOULS
EQUIPPMENT, AND CRADLE WEIGHT (WiTh 202 GIW,*L!SS THAM 16, 600 kG,

requirements of future pletforms which are not defined. The special
technology development costs {as subsequently ahown in Section 3) are
primarily the same sc¢rosa all the candidate concepts, with the few axceptions
regulting in negligible cost impacts (pafticularly if spread across

several platforms).

The analysis, therefore, determined the recurring fabrication coat, Shuttle
launch and for GEO platforms, the cost of orbdit tranafer. All the coet
analysis data are expressed in terms of FY 1981 deollars and are relative,
ive., applicable only to items which are different. The coamte c¥ items that
are the same acroea 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 Fabrication Cost Data

The component fabrication costs to comsatruct the generic platform are shown in
Table 1l.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 (GaA).

The materials, fixture, and manufacturing hours data presented were determined
from estimates by advanced manufacturing personnel uaing drawing details.
Where detailed information was not available, in-house Roclwell parametric
cost model techniquea were used.
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Table 1.4-5. Fabrication Cost Data (§ Million)

CONCEPT

COST ITEM L | 2 4 3 4 7
:::::-:lfzz..ui.,(, 2.2 3.0 1.0 1.7 2.0 1.9 2.2
it
TAUSS ASTEMBLY AND o4 0.6 0.3 0.5 0.3 0.8 0.6

CniCrryt

UTILITIES SUPPORT
SYSTEM (FARRICATION 0.4 0.2 0.1 a,l 0.8 0.1 0.8
AMD INSTACLAY o) )

INSTALLATION OF

UTILIYIES AND 0.1 0.1 0.1 0.1 0.1 0.1 0.1
_cug crout

END ADAPTERS AND

MAIN HOUS | NG .4 0.2 0.3 0.1 0.4 e.3 .4

BUILDING BLOCK TO
BUILOING BLOCK 2.3 2.9 3.5 2.2 1.7 2.8 1.7
ATTALH WECHANI SNS

TOTAL (3n) 8.0 10.8 6.8 7.0 8.5 8.8 7.8

& (M) 1.5 4.3 0.1 0.5 0 2.3 1.3

MOTL: COMCEPT 8 ESTIMATED FROM EXISTING DATA FOR COMCEPT &

It is pertinent to nots that Table 1.4-5 does not include the costs of
deployment mechanisme since the building blocks can utilize either a
reciprocating device (GD design or equivalent) or a stored strain snergy
system. The differences between the same type mechanism across the single
folded designs were regarded as negligible. In retrospect, the additional
coat of the mechanisms for the double folding of Concepts 3, 5, and 7 should
be includedi into the last coat item in the table. To do =m0 would only wnhance
the conclumions and declaions made in Section 4. and require extenaive
pumerical change throughout the tablea for the sake of conaistency. Hence,

this item i3 not included.
1.4.6.2 Shuttle Launch Cost

The Shuttle launch cost data for use in Tatle 4.4-1 are based upon a cost of
$2.6M/metar of Shuttle cargo bay length. It is derived from an FY 1982 total
const of $48M for 18.3 m of bay length. The $48M is the FY 1981 cost
extrapolated from the baseline FY 1?75 launch cost of $32M and is for a medium
traffic model (40 launches per year). A aignificant reservation on the use of
this total value is that for a dedicated misaion the aystem cost is incurred
regardleas of the usage of the bay. This reservation is reflected in the

allocation of points in the totaling of the major criteria.
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1.4,6.3 GEO Orbit Transfer Cost

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

1.4.7 Miscellaneous Design Issues

During the concept deavelopment discussed throughout this section , three
design concerns surfaced as follows:

o Extension of a truss which has a large payload while maintaining the
deployable trusa root strength with the guide ralls

0 Implicatiun of building block to building-block structural
attacklments that are not fully fixed about all three axes

o Potential significance of "joint slop”

The first isaue has been resolved as discussed in Section 1.3.3.5. The second
issue ham been investigated and resolved aa follows:

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 Pigure 1.4-34,
with acceptabls reducticns in effective stiffness,

A sennitivity analyais of platform overall stiffness variations associated
with different end joint design characteristics waas performed. The analysis
was parformed with a NASTRAN model that simulates the ASASP platform
configuration and masa distribution. The construction platform was not
ipcluded. The ASASP was used since the masa distribution was more readily
available and the generic platform was fashioned sfter the ASASP. The adopted
atiffness valuea were used.

3ince the overall variation in platform atiffness ia moat easily defined by
the resulting modal frequencies, modal analyses are performed for the expected
diagonal member snd joint variations. At all other joints, flexural and
torsional moment continuity is maintained.

The table on Pigure 1.4~34 illustrates the firat four modal frequency
variations relative to that of the basmeline design. For all of the four casaes
shown, the stiffness reductions were acceptable.

For other possible configurations:

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

0 In worst case, EVA attachment of atrut or pair of strute is

feasible, if necessary.
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MODEL,

oE1A GJ ARE
ADOPTED VALUES

* JOINT | & 2 LENGTHS
ARE EACH 2.5 m

ORIGINAL 40,0 13
OF POOR QUALITY

FULLY AIXED \
Z-AXIS PINS

CASE FREQUENCY (Hz) COMMENTS
FIRST | SECOND | THIRD | FOURTH FOR JOINTS 1 42
BASE-
0.0431 0.073 : 0, 0,188
LINE 043 o3 1
1 0.00341 0.0658 | O.048 | 0.1129
2 0.035¢ 0.0451 | 0.0883 0.1120 | Z-AXI5S PINS AND
/16 OF B1, GJ, AE
3 0.0341 0.0458 | 0.0686 0.1152 | Z-AX15 PHNS WITH
QOFFSET FROM DIAG-
OMAL CENTERLINE
4 0.0351 0.0628 | 0.0680 | 0,1085 | BALIL JOIN{S
*OFFSET = 1.5 m

Figure 1.4-34.
with Diagonal

ASASP

Modal Fregquency Variation
End Joint Design

The third design concern has not been resolved in this atudy and is applicable
to the concepts studied which all utilize clevis joints, folding and/or
telasacoping Jjointas.

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

0

0

Consider a cantiliver member 60 m long (38 bdays)

Suppoae ACS thruster shear = 4.5 N

Limit longeron load = 2.8 N {one bay from RCS thruster)

Limit longeron load = 107 N (38 bays from RCS thruster)

For the sdopted EI = 2 x 108 ¥m2, and truss depth of 1.26 m the
longeron AE = 1.26 x 108 N

Blongation of longeron for load of 2.8 N = 0.0000035 cm

Elongation of longeron for load of 107 N = 0.00013 cm

For a desigan to twice the depth (mame EI), the above values of
0.0000035 and .00013 cm are multiplied by 4, i.e., elongation is
0.000014 and 0.000%2 cm
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Bay
length
=1.58 m

Figure 1,4-35. Model for "Implication of
Joint Slop" Analysis

o For both deptha, the elongations ars very small compared to
conventional clevia/pin clearances

0 Problem is increasingly more ssvers with reduced RCS thrust
Hence, for future resolution: (1) To what extent does friction preclude
"joint slop?” and (2) What is mtatistical implication of joint slop in actual
design with numeroua jointa?
The potential implications of "Jjoint slop” to the control aystem design are:
) It will be of increasing concern in figure control applications
where "joint alop” alone results in structural deflections

appreaching total allowable deflection

0 "Joint slop” is highly non-linear phenomenon with strong potential
for deatabilization and limit cyeling

0 Tt will be of increasing concern if "equivalent frequency” (f,)
(Figure 1.4-36) approaches control system bandwidth

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

0 Typical controller enhancement - nonlinear gain acheduling,
compansation and limiters to enhance performance
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RESPONSE

b T Fe = ¢

Figure l.4-36. Equivalent Structure
Freguency due to "Joint Slop"

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

The preferred solution is to eliminate 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. MATERTIAL DATA BASE

The material requirements for the manufacture of structural members for large
deployable platforma include those needed to produce tension/compression
aembers, tension members only, fittings, hinges, bearings and eprings. The
saterials selected for tie data base to satisfy these requirements are those
currently availabls in present technology and thoase vwhich 2ould be availabdle
in the technology for point design by 1986. This philosophy permits the
ocusideration of not only metals and organic composites, but metal matrix
composite matsriala.

This material data base is not intended to peruit the detailed optimization
nesded 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 apace structures.

All materials selectsd are suitable for the temperature fluctuations

(-200 to 80C) that will be encountered in service in ei‘her a lov earth or
gsosynchronous orbit. These temperature excursions can be reduced by the
Judicious applica.‘un of thermal ¢ontrol coatings and insulations.
Temperature resisici.:e of the materials is, therefors, not a aritical
consideration. The raudiation resistancs of the material is izmportant only in
the caaoogf geoaynchronous orbit. Using a radiation criterion of a dcee rate
of 6 x 10° rads (S1) par day as ths marimum anticipated in gesagynchronoua
orbit, the materials have 1life expectancies in exces=sz or 5 to 500 years
(Reference 13). Since .nly a few of the materials have low damage

thresholds and these are usnally restricted to low radiation exposures in the
interior of spacecraft, & winimum cf thirty-year life is expected for any
platform ayatem designed ueing the matsriala in thes data bass.

The data bese is containes in Tables 2.2-0 through 2.0-11. Table 2.0-1
provides a glosmary of tome. 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 bame for comparison with the more advanced materials such
aa the organic and metal matrix composite materials {Table 2.0-7).
Considering the design parameters of low thermal distortion, low cost, and
high modulum, the most attractive candidate materiala within the state of the
art are thes spoxy/graphite composites. The metals have a high coefficient of
thermal expansio. which contributes to excesalive thermal distortion of the
structure. The polyimide/graphite is state of the art, but it is used only
Tor high tsmperature applications becaume it is exceasively sxpansive for
general use. The metal matrix composites have all the right properties, but
are at present very expsnamive and the technolegy is in the experimental atage
and may not be svailable for production Ly 1985. Therefore, they may have to
be relegated to speciamlty applications whers no other material can reasonably
suffice. SJome 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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rable 2.0-1. Glossary of Terms for Data Base

(CHATH CHARACTER ]

A ACCEPTABLE [ NEMORY
B ACCEPTABLE WITH SPECIFIC COUPOWS L 1083 FacTOR
Be BEARING STREINGTH N/A  OT APPLICABLE
C  ACCEPTARILITY WUST BX DEMONITAA- NR  NOT RATED

T4D BY TEST OR ANALYHIS R ABYLECTANCE
P DUCTILITY 0  SUNFACE REAISTIVITY
dy DIPFUBION OF ARLIVW 5 g7 POINY
Dye DIELECTRIC COMSTANT 8p  BPECIFIC HEAT
Dig DISSIPATION PACTOR THML TOTAL MAMS Lo&&
E MOOULDS U UNAVAILABLE
e  MLOMGATION VO VOLATILY CONDENSISLE MATERIAL
T aTRESS 1/7 VOLUME RESIATIVITY
f  PATIGUR PROPERTIES I UNACCEPTABLE
G SHEAR MODULUS @ ABSOABTIVITY
B MARDNESS €  EINISBIVITY
K CORYPICIENT H  polssoN's MATIO
k  THEAMAL CNTDUCTANCE £  pEnsITY
e COMPRESSION C  TEMPERATURF
E  MOGULUS & THERUAL EYZANAION
t  TENSILE f  PRICTION
u  ULTTMATE L LOWGITUDINAL
s BEEAR T TRANSVERDE

DIMENSTOND
WPa - MEGA PASCALS
aPa - OIGA PASCALS
J /kegk - JOULES /K1LOGRAM-DEGRER KELVIN
W /uk - WATTS/METER-DECAEE KELVIN
= /ak - ETIR/METER-DEGRYE KELVIN
jud - KILOGRAM/CUBIC METER
/89c-ATK - SQUARE METERS /SECOND-ATMOSPHERE

coefficient of thermal expansion, a higher thermal conductivity and a high
specific rigidity. The two more prominent contenders in the fleld of high
modulue fiber composites are the P753/934 and P100S/934 graphite/epoxy
compositaes listod in Table 2.0-3.

Fittings

In addition to the conventional materials used in the manufacture of fittings
for apacecraft, such as the metala iz Table 2,0~4, more unconventional
materialas {Table 2.0-5) are being considered to obtain both a cloaser themmal
sxpansion match to the basic structure and a closer match to the modulus.
Another major advantage for the use of composite fittings is that it psrmita
the molding of fittings dirscotly into structural members. The type of organic
materials most ansnable to this type of processing are the thermoplaatic
composites such am the polyaulfone/gmphitau. Thers ia scme davelopment work,

however, that nesds to be accomplished between now and PY 1556 to reduce thoe
direct molding to structural member process to common everyday practice.
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Table 2.0-?. Metallic Materlals for Structural Members
MATERIALS @
ALUM | NUM
2219 BERYLLIUM
PROPERTIES D @
MECHAN | CAL
Ff“ (MPa3) 427.8 276.0
Ff“ (MPa) 331,0 207.0
Fi“ {(MPa) 2484 172.0
Ef (GPa) 72.5 289.0
EE (GPa) 74.5 289.0
G, !GPa) 27.6 138.0
T 0.33 0.10
e/D = 1.5 655.0
B, (MPa) b = 2.0 835.0 N/A
PHYS VAL
Sp (J/kgK) 848.0 1825.0
k (W/mK) 12,1 8.4
Ke {m/mKx iy 6) 22,0 12,3
e 0.05 0.10
a 0.10 ¢ 55
R 0.90 0,45
o (kg/m3) 2830.0 1850.0
APPL | CATIONS TENSION & TENSION &
COMPRESS | ON COMPRESS I ON
BEARINGS

(D ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
@ ALL MATERIALS LISTED MEET SP-R=0022 FOR VCM AND TML
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Table 2.0-3., Structural Member Candidate Composite Materials

-t
MATERIAI DO RAPH I TE/EPOXY PO oL/ [ Ay | maanesitn/
PROPERTIES T100/93h PI55/954 | PIoUS/9)6 @ @ @
¢ HECHAN I CAL

rf“ (wra) 1482.0 999.0 1140.0 865.0 483.0 635 3
Y (wa) TR 32.0 17.0 20,7 8.0 35.0
’L im a) 1276.0 328.0 311.0 538.0 642.0 621.0
r:“ (Wra) 196.0 149.0 u 85.0 104.0 104.0
r:“ (e} 69.0 44,0 8.0 X1, 0 48.0 “W.0
1 i) 1.0 2. 13,0 20.0 $5.0 M
:t (GPa) 5.0 368.0 420.0 304.0 207.0 124.0
fy  (erel 12,8 6.0 u 6.2 35.0 21.0
:f {GPa) 133.0 146,0 428,0 254.0 U v
] %) 5.0 &.9 1] 4.0 28, 17.3

PHYS I CAL
Sp (Mhgk) %80.0 Yy u 879.0 962.9 962.9
k (W/mk) NA H/A N/A WA 33.0 1036.0
kL (wink) 9.0 157.0 520.0 7.8 N/A H/A
wp  [w/mK} 0.7 1.8 u b2y N/A HiA
KoL ‘m/mkx 10-6) 0.23 -1,0h -1.6 -0.99 1.33 0.5%
Ke7 (m/mkx 106} 5.2 5.6 26.9 28.8 26.¢ 20.2
£ 0.8 0.85 v.85 0.85 0.45 .45
a 0.90 0,80 0.80 0.80 .45 0.45
A 0.20 0.20 0.20 0.20 0.55 0.55
p (kg/md) 1600.0 1/65 .0 1820.6 15840 2410.,0 1800.0

(D ALL COMPOSITE PROPEATIES ARE BASED OW 0° FIBER ORIENTATION

@ ALL PROPERTIES MEAZURED UNDER AMBINET CONDITIONS

@ ALL MATERIALS LISTED MEET SP-A-0022 FOR VCM AND TML
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Table N-4. Metalllc Materials for Fittings and Springs

| MATERIALG(2)
.&* "{ & J $'¢ g ¢‘>:‘:“”¢ o
PRoPERT(ES' " & .*’3:" s/ I8 )& S8 feg SO
MECHANI CAL
P (o) s18.0 | 295.0 [1790.0 | w22, | 276.0 | s000.0 | 587.0 |1230.0
Y () o0 | 1100 [iess.0 { sav.e | 2070 | roska | siao | nia30
Ry (wa) 5.0 | 159.0 [romo,0 | e84 | 1720 | s21.0| 366.0 | 79).0
E'L: (GPa) 200.0 | wh8.0 | 200.0 7.5 | 199.0 116.0 ) 193.0 | 200.0
g (o) 200.0 | 8.0 | 200.0 76.5 | 289.0 1.0 1930 | 206.0
& (aPs) 79.4 15,6 5.9 7.6 18,0 u2.8 79.4 75.9
u 0.28| 0.3 ez 0.33] o010 0.3 o0.28] 0.28
PNYSICAL
o (a/kak) | soz.o |iooe.8 | A7v.0 | 8up.o | 18250 | sus.o| soz.o | ss0.s
k (w/mk) 176.0 | 6.0 | 380 | 12 8.4 7.0, 16.25] 16.1
X, (mmkx1076) Fog30 L 25y b vy | o220 | 23 g.al 1 0.4
g Tkg/md) 8030.0 | 1770.0 | 78%40.0 ! 2830.0 | 1850.0 | «k30.0 | B030.0 | 7760.0
APPL {CAT LONS FITTINGS [FITTINGS [FTTTINGS [FITT1nGS |FITTINGS ;;;Lt‘ggs SPRINGS | SPRINGS

NOTES: (1} ALL PROPERTIES MEASURED UNDER AMBIENT CONDTTIONS,
{2) ALL MATERIALS LISTED MEET 5P./'-0022 FUR VCM AND TML,
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Table 2.0-5, Non-Metallic Mzterials for Fittings and Springs

N““ﬁ GRAPHITE/EPOXY (1) POLYIMIDE, | POLYSULFONE/
| PROPERTIES TI00/934 | rrssed | F1O0S/P34 GRAPHITE (1) GRAPHITE (1)
MECHANICAL
P (mpe) 1482.0 9.0 1140.0 842.0 1323.0 (¢
r;" (MPq) 4.0 32.0 (#) 7.0 (4) 20,7 43.0{4)
rf" {MPa) 1240 x.0 1.0 531,0 1139.0 (&)
FY (wro) 186.0 119.0 u .0 166.0 (4}
F (MPa) 9.0 44,0 {4) 4.0 41.0 54,0 (4)
FT (MPo) 33.004) | 21,004 | 1304 20.0 (4) 26.0 (4)
€| (GPa) 145,0 268.0 420.0 04,0 19,0 (4)
E; (GPa) 10,0 6.0 u 8.2 4.3 (4)
E; (Gho) 133.0 244.0 428.0 254,0 {4) )
Gy (GPa) 5.2 4.9 u 4.82 u
By 0.9 0.345 7] 0.30 u
SHYSICAL
S (JAgK) 880,0 T u &e.0 u
ky  (W/mK) 9.0 157.0 520.0 7.83 9.0 (4)
ky {W/mK) 0.7 1.8 Y L2t u
K,y (m/mk x 10-6} 0.23 -1.04 -t.8 -0.99 0.23 {4)
K,p(m/mkx10°6) | 26,2 25.4 2.9 2.9 u
« 0,85 0.85 0.8 0.85 0.88
o 0.80 0.80 0.80 0.80 0.80
r 0.20 0.2 0.20 0.20 0.20
p  (kg/m%) 1600.0 1745.0 1820.0 1580.0 14900
APPLICATIONS FITTINGS FITTINGS SPRINGS
SPRINGS SPRINGS

NOTES: {1) ALL COMPOSITE PROPERTIES ARE RASED ON 0® FIER ORIENTATION
{2) ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS
(3) ALL MATERIALS LISTEC MEET SP-R 0022 FOR VCM Al TML
(4) CALCULATED VALUE FROM BASIC MA ERIAL PROPERTIES
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Springs

Table 2.0-4 presents the conventional spring materials normal.y used in
spacecraft. Thene materials are metallic and have the same shortcomings of
sxcessive thermal expansion as metals proposed for other applicationa on the
deployable platform systema. To obtain a close match of the coefficient of
thermal expansion to a graphite compoaite astructure, it ia desirable to
manufacture the sapring out of the msame basic materials. Some of the new
organic composite materials being considered for the production of springs are
presented in Table 2,0-5. These composite springs may not be commercially
available by 1986. However, titanium aprings can be conmidered as the closest
compatible compromise in the event commercial availability of composites lags
the need date.

Plexible Tension Members

Plexible tension members usually conaist of metal cables such as the 17-7PH
atainleas steel pressented in Table 2.0=6, Thia type of conatuction has two
major deficiencies for this application. One, the high coefficient of thermal
expansion ¢f the metals makes these cables incompatible with the contemplated
graphito/opoxy structure. To furthar aggravate this condition, the twiat in
the material can exaggerate the dimensional mismatchesa that occur with thermal
excursiona. To reduce, if not eliminate this problem, graphite fiber tapes of
monofilaments with flexible organic bindera are proposed. 4 sample of one of
these materials ia RTV566/graphite and is pressnted in Table 2.0-6. Moat of
the properties of the individual componenta of the composites are known but
significant work remains to confirm the potentials of these materials in a
combined form aas flexible cables.

Table 2.0-6, Materials for Tension Cables

@ M'Ellﬁ;l; RTV 568/ 17-7PH SYAIN-

| PROPERTIES GRAPHITE (1) LESS STEEL

MECHANICAL

\ FY (Mo v 1830.0

£ (Gro) v 200.0

PHYSICAL
S (AgK) ] 450.5
kK (WmK) u 16.1
K, (n/mrx106) v 10.4
'3 0.%90 0.30
a 0.85 0.10-0.23
" 0.13 0,90-0.75
s fxa/md v 7760.0

APPLICATIONS TENSION TENSION

NOTI'.S;(I) 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 VCM AND TML
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Elsctrical Conductors

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

- e
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Table 2.0-7. Materlals for Electrical Conductors
%LOPERT MATERIALS @ LM KU
|ES 1100 COPPER SILVER
MECHAN | CAL
Fr (wpa) 165.0 207.0 138.0
Et (MPa) 68.2 117.0 73.6 .
PHYS I CAL
Sp (J/kgkK) 958.8 385.2 238.6
k  (W/mK) 222.0 7.11x 107 427.0
K (m/mKx 1076) 23.86 16.74 19.0
o (kg/md) 2710.0 8920.0 10,500.0
177 (ohm-cm x 10=6) 2.6548 1.6730 1.50
APPL | CAT1ONS FLUID LINES D| ELECTRICAL ELECTRICAL
ELECTRICAL CONDUCTOR CONDUCTOR
CONDUCTOR
@ ALL PROPERTIES MEASURED UNDER AMBIENT CONDIT!ONS
@ ALL MATERIALS LISTED MEET SP-R-0022 FOR VCM AND TML
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Fluid diffusion berriers (Table 2.0-8) are ons application where only a metal
There are a number of

can perform effectively for long sxposure times.
candidate materialo with 1ittls to choose hetween.

The poasibla exception is

the uss of the metal matrix zomposites which technically provide the best of
all wvorlda, low coefficient of thermal expansion, high reaistance to gas

diffusion, high modulus and low weight.

and the commercial availadbility by 1986.

The drawbacks are extrsme high coat

Table 2.0-8. Diffusion Barriers for Fluid Lines
"“““(‘:"; 17-7p8 ALUMINUM/
STAINLESS GRAPHITE ALUMINUM ALUMINUM ALUMINUM TITANIUN
PROPERTIES (3) STEEL (3) 5082 5086 1100 (SAL-4V)
MECHANICAL
" (pe) 1830.0 483.0 288.8 414.0 168.0 1100.0
Ef (GPa) 200.0 207.0 70.4 .1 88,2 118.0
PHYSTCAL
ap (J/kgk) 460.3 983.9 862.9 #21.0 9588 544.0
X (¥/mk) 16.1 233.0 138.0 118.6 222.0 7.0
Kq (m/mX x 10-8) 10.4 LI e 24,1 24.1 23.88 B4
de (m3/s00-ATH) NEGLIOIBLE | NEGLIGIBLE | NEQLIGIBLE | NEGLIGIBLE | NEGLIGIBLE | NEGLIGIBLE
P (xmdy 7760.0 2410.0 2690.0 2640.0 2710.0 4430.0
CHEMICAL
HYDRAZINE A A A A A A
RELITUM A A A A A A
PREONS AS A CLASS A A A A A L LY
WITROGEN TETROXIDE A A A A A A
APPLICATIONS PLUID LINES |PLUID LINES | PLUID LINES | PLUID LINES | FLUID LINES| PLUID LINES
(1) (1 (1) 1 (1) (1)
NOTES:

(1} THE FLUID LINES NAY BE OVERWRAPPED HYBRIDS OR SINGLE MATERIALS
{2} ALL COMPOSITE PROPERTIES ARE BASED ON 00 FIBER ORIENTATION
(3} ALL PROPERTIEE MEASURED UNDER AMBIENT CONDITIONS
(4}  ALL MATERIALS LISTED MEET SP-R-0022 FOR YCM AND THL
(3) CHLORIDES AND CHIORINATED HYDROCARBONS OTHER THAN FREON T? ARE UNACCEPTABLE

Diffuasion Barriers-Bellows

Considering the exteaded axposure times anticipated for flexible portions of
the fluid linea the only materials reasonsble to consider for this application
The two primary materials currently in uss are presented

are metal ballows.
in Table 2.0-9.

be available for point design by PY 1986.

2~9

It is not anticipated that any significant new material will




E 15
ORIGINAL PACE
OF POOR QUALITY

Table 2.0-9. Diffusion Barriers for Bellows

MATERIALS
PROPERT I ES* 321 STAINLESS STEEL INCONEL 718
MECHAN | CAL
tu
Fl (MPa) 586.0 1240.0
F%“ (MPa) N/A N/A
FE” (MPa) N/A N/A
EE {GPa) 193.0 200.0
E; (GPa) N/A N/A
" : 0.28 0.31
PHYS | CAL
sp (J/kgK) 502.0 418.7
dye (sec/mls) NEGLIGIBLE NEGLIGIBLE
o (kg/m3)
177 {ohm-cm x 10-6) N/A N/A
CHEMI CAL
HYDRAZ I NE A A
HELIUM A A
FREONS AS A CLASS A A
NITROGEN TETROXIDE A A
APPLICATIONS BELLOWS BELLOWS

*ALL PROPERTIES MEASURED UNDER AMBIENT CONDITIONS

-
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Vibration Damping Materials

Currently, there are primarily two significant space-rated materials for
vivration damping. These materials are presented in Tabls 2.0-10. It is not
anticipated that any unusual developments will require any unique materials
development in this area.

Table 2.0-10. Vikration
Damping Mataerjals

MATERIALS SMERD s'vuh'cgc 1
ROPERT G.£. AIRCRAF]
MECHANICAL
FL (KFa) 7760.0 1208.0
o« (%) 100.0 15,0
Torvienal Shew (KPe) u 1034, 0
G (KPo} U 41,400.0
Toor Strangth (INei) u 1.3
M (Shers A) 50.0 min. 70.0-85.0
i 0.142 0,12
{1 Kix) {1 Mz .. )
PHYSICAL
VCM (%) 0.02 0.10
™L (%) 0.19 0.22
Glam Tremsition {°K) U 7.0
APPLICATIONS VIMATION | viBaTiION

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 stracture, but for all apacecraft. Very few
materialas serve in this capacity and meet the outgassing contamination
requirements of NASA specification SP-R-0022., Theae materials have some
problema with adhesion and general in-space deterioration from causes not
fully understood.

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

e MATERIALS | MACK CHEM- | (TITE
$13GA0
| PROPERTE GLAZt 204 (iThi)

- MECHANIC |

Advian (1) MO EVIDENCE | NO EVIDENCE
OF LIFTING OF LIFTING
PHYSICAL
] 0.94 0,22
¢ 0.8 Q.88
YoM (%) 0.01 (3} 0.03(2)
Tl (W) 0.56 (3) 0,47 (2)
APPLICATIONS THERMAL THERMAI,
CONTROL CONTROL
COATING COATING

MOTES, (1) TESTED PER ASTM Dus22
(7} FALY CURED (30 DAYS OR LONGER) AT ROOM TEMPERATURE

(3} CURED 30 DAYS AT RODM TEMPERATURE

Lubricants

Several space-rated lubricants exist for most of the typical applications that
are anticipated. For molid film lubricant applications, there are the
molybdenum disulfides such as Molykote %402 which conforma to MIL-L-3%G37 and
Adrecolube 13 which conforms to MIL-L-46010. There is also a tungsten
disulfide solid film lubricant Microseal. Where greasys are neaded there is =
fluorinated material, Braycoat 3L-38RP; and for an oil, a fluorinated
material, Brayco 815Z. All these materials meet the requirements for
outgansing in 3P-R-0022. The materials listed are typical of the many

available and are presented for illustration only.

2-12
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3. TIDENTIFICATON OF TECHNOLOGY DEVELOPMENT NEEDS

Table 3.0-1 presents the aspecial technology needs summary.
eatimated coet of resolving each new technology need, as well as the entimated

calendar time.

It suzmarizes the

Table 3.0-1. Special Technology Needs Summary
POTENT IAL TECHNOLOGY REQUIREMENT ESTIMATED SCHEDULE 10

- (LISTED BY RATING) TOTAL COST ($) | ACCOMPLISH (YR  PRIGRITY
o 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 124-150,000 4,0 HIGHEST
o JOINTS WITHOUT "SLOP* 190-220, 000 1.5
o MINIMIZE STRUCTURAL LOAD AMPLIFICATION 295-340,000 1.5
* RADIATION-RESISTANT FIBER OPTICS 120-150,000 1.0
o LIGHTWEIGHT, LOW CTE, HIGH-STRENGTH CLUSTER FITTING { 210-240,000 1.7
o PASSIVE STRUCTURAL DAMPING TECHNIQUES 106-125, 500 2.0 MEDILN
o MICROMETEOROID STRUCTURE DAMAGE 100-150,007 1.5
o RADIATIUN-RESISTANT THERMAL CONTROL COATING 95-115, 000 0,8
o HIGH-CAPACITY HEAT PIPE 600-800, 000 3.5
o ACTIVE STRUCTURAL CONTROL TECHNIQUES 300-350, 000 3.3
« ADAPTIVE CONTROL TECHNIQUES 340-385, 000 2.7 LONEST
o LIGHTWEIGHT, HIGH-STRENGTH MEMBER (MALE) FITTING 155-175,000 1.7
» INSULATED FLEXIBLE COOLANT LINES ‘ 190-240,000 2.5
* {ON CTE, HIGH MODULUS, FLEXIBLE TENSION MEMRER 100-130,000 1.0

TOTAL 1,930, 000 4.0

(HIGHEST) (LONGEST)

*THIS TECHNOLOGY REQUIREMENT [S INVALID IF EARTH STORABLE PROPELLANTS ARE CHOSEN FOR THE

ORBLIT TRANSFER FUNCT{ON.

The technology needs are presented in three priority groups.

The groups are

based upon consideration of net effect on performance, hardware level of the
problem, type of logic for resvlution, level of test simulation required,

development teat approach, and required hardware interfaces.

There is no

significance to the order of the items listed within each priority group.

It is pertinent to note that numerous development tests need to be parformed
pertaining to electrical cable bending, fatigue data, suitadbility of folding
joints, telescoping joints, etc. These were not considered new technology
items since the technical approach is based on known methodologiea.

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

-1
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{}REJECT
GATE ]
TOENTIFY | "DOCUMENT |
SPECIAL RNCAL 1 pass | pReLIMINARY
TECHNOLOGY BOARD' TECHNOLOGY
NEEDS NEEDS
CORM 1 VALIDATION
QUESTIONS FORMS 2 & 3
(1) @21 13) (4)

GATE 2

TECHNICAL | PASS | sysTem TIME-PHASED

COST ESTIMATE CosT/
REVIEW IMPACT
BOARD® RANKING AND SCHEDULE
REJECT SCHMEDULE REQMTS
*Dr. Jim Haliner Dewaine Peebles
TECHNOLOGY Norm Scully Dave Pankopl
DATA BASE Or. Ed French T. Nishimoto
Lee Smith Frad Etheridge

Figure 3.0-1, Logic Diagram—Special Technology Needs

Table 3,0-2 summarizes the 23 potential technology items jdentified, along
with the ratiocnale 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 control.

Each of these potentlal 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 .overed, 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 1s 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 fis .al 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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Summary of Potential Technology Requlirements

POTENTIAL ITURS

RATIOMALE FOR SILECTIOM

STMUCTUNES AND MATSAIALS

* RICAONETEOROIS I MPACT STRUCTURE DAMAGE

® AADSATION-RESISTANT FIMR OPTICS

& SPACE CHARGE OJSSIPATION TECHNIQINL

® MADIATION-ALSISTART TMEAMAL COATING

® LOW CTE, WisH MOOULUS, FLERISLEL TENSIOM MEMMER

@ LOM CTH, HISH ROBULUS, CONPOS! I/ WATERIAL FOM
CEPLOYAME STRUCTURAL tLEMENTS

® LIGHNEEaNT, LOW CTE WIGH-ATRENGTM CLUSTER
FifTine

o LIGHTWEIENT, HIGN-STAENGTH MEMBIR (MALE) FITTING

® CONPOLITE RATEAIAL CARPINTEA'S WiNGE

« TENO~BALRLASH JOINTS

CURRINTLY UNOEA DEVELOPMENT SY C.0. ANS COMVAIR

SHOAT-TEAM DEVELOPAENT EFFOAT

TRERAM. CONTROL

® |MBULAYES FLINIBLE COOLANT Linfl

® LONE-LIFE FLUID PUNP

& HIGH-CAPACITY WIAT PiPL

& BEAY PIPE INTIACOMMECTION TECHNIQUE

® ROTATING FLUIG JOINT FOR ARTICULATING RADIATOR

ORRITER'S RADIATOR FALON PUNP

CAM ALSO: VE BY DECIGN TECHNIGMS

DESIGH APPAUACH DEMONSTRATED OURING FLYING LUMAR
EXCURSI0N EXPERIMENTAL PLATFORN CONTRALT
(NAS)-95 16, 1970}

UrigiTies

o TECHMIQIAS TO REDUCE SEND RADIUS OF CLEC. CABLES

e TECWNIQUES TO AIDUCE BIND RADIUS OF NON-FOMER
CABLLS

DEILEN JOLUTIONS ARE WiITHIN CUARENY TECHMOLDEY
RLALN

FROPULS (OB
® ORBITAL VRANSFER THRMSTEA (13152225 M THAUST)

DYNANICY AND CONTROL

& DANFING CHARACTERISTICE PREBICTION TECHMIQUE
® ADAPTIVE COMTROL TECHNIQUMY

& ACTIVE STAUCTURAL CONTROL TECHNIQUES

* PASSIVE STRUCTUAAL DAMPING TECHNIGUEL

® MIMINEIE STRUCTURAL LOAD AWPLIFICATION

Table 3.0-13.

Validation Questions

[ 8

IS NOT SATISFIED?

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

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. 1S THE SOLUTION TO THE PROBLEM PRIMARILY A SHORT-TERM
EFFORT (LESS THAN ONE YEAR)?
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The final products of this task are provided at thn end of this section. The
individual tasks also lend themselves to more accurate mileatone schedules and
time~phased coat estimates.

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

The use of criteria is a method of measuring the itmpact of a new technulogy
need on deployabdle platform system performance. The first criterion ia a
direet measure, vhile 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 casas
vhere two or more technology deficiencies receive tbh» same numerical total,
the aame priority rating ia assigned. Although this technique is rather
arbitrary, the ratings are relative to each other, and a difference of ocne or
two poaitiona im not ecritical.

Because these rating criteria have only ona dirsct measurerent of the impact
of a naw technology need on syatem performance, a sensitivity apalysis ia
conducted. The results of thie analysis are shuwn in Table 3.0-6. The upper
1imit of the first criterion is raised to 3.00 (rather than 1.00) and sach
priority rating valve in thia column is multiolied by 3.00 to intenaify the
first criterion. The results (Table 3.0-6) indicate that roughly half the
tachnology requirem=ats do not change pomition and the osthar half moves only
one or two positicns, i.s8., *hLe change is negligible.

3-4
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Table 3.0~4. Priority Rating C.riteriQUAUTY

L1 HEY CFFILY N FPUATTOMN m AN OVERALL WEASURL OF THE IMPACT THAT A TECHNOLOGY DIFICIEMCY HAS ON AN
OPTAAT IONAL DEPLOYABLE PLATFORM DESIGN 1S THE NET LFFECT OM PEAFORMANCE: AND, AECAUSE THE WET EFFECT INCLUDES ALL
TYPES OF TECHNOLOGY DEFICIENCIES, THE TERMS USED TO DESCAISE THE (WPACT ON THE SYSTEM ARE RATHER CENEAAL. OUR
NUMERICAL RATING ASSIGNS A VALUE OF 1.00 YOA SEVERS PERFORNANCY LINITIATION, WMILE 3O rMPACT 1T ASSIGNED A VALUE
OF ZERO.

® SEVELT PUAFORMANCE L1MITATION
® CONSIDERABLE DEGRADATION

® MILD IMPALT

® MEASURABL, DEGRADATION .
o #0 IAPACT ON PERFORMANCE [+

voo~
ey v ¥

[:mm%m OME INDIAECT MEASURE OF THE SYSTER [MPACT OF A TECHWOLOGY OEFICIENCY 1§ THE LEVEL

W € AEQUIAED TO RESOLVE THE PROBLEA. GEIMERALLY SPEAKING, A COMPONENT (SUCH AS A
PUAP) REPREZENTS A MUCH LOWER COST (MPALT TO AESOLVE A PRONLEN, COMPARED TO A COMBINED SUBSYSTEMS OR INTEGRATED
SYSTEM TEST PROGAAN. THE LATTER NORMALLY REQUIALS MANY ITENS OF GAOUWD SUPPORT EQUIPMENT AND KNOWLEDGEABLE TECH-
HICAL PERSONNEL 1N A VARIETY OF DIXCIPLINES TO SUCCESSFULLY DIAGNOSE AMD COPMECT A SYSTEMS-LEVEL DEVELOPMEWT TASK,
A COMPONENT, ON THE OTHER HAND, USUALLY REMUIRES & NUCH SMALLER TEAN WiTH NORE N-DEPTH TECHMICAL TRAINING AND A
FEW ITEMS OF GROUMD SUPPORT EQUIPMENT. OUR NUMERICAL WATING ASSIGNS A VALUE OF !1.00 FOR A SYSTEM-LEVEL PROBLEM
BECAUSE OF THE RELATIVELY GREATER COMPLEXITY OF A SYSTEN VERSUS A COMPONENT. A COMPONENT-LEVEL PROBLEM HAS A
VALUE OF 0.25.

# COMBINED SUBSYSTENS/INTEGRATED SYSTEMS 1.00
o SYSTEM/SYSTEM CAITICAL INTYERFALK 0.75
& SUBSYSTEA Q.50
o CONPOKENT 0.25
® MATERIAL OR MITHOOS 0

. a 1€ SR RESOLUTION THE T7rl 0f (COMPUTATIONAL) LOGIC REQUIRED TO MESOLVE A TECHNOLOGY DEFICIENCY
13 ALSD AN INDIRECT MEASU F SYSTEM IWPACT.  CUT-ANOD-TRY LOGIC 13 A FORM OF CURVE FITTING IN A REGION WHERE
RELATIONSHIFS ARE NOT WELL OEFINED. THIS METHOD 1S TIME-CONSUMING AND REQUIRES EXPERIMENTATION, AN EXAMWPLE WOULD
SE THE FNOWLEDGE OF FLUID BEHAVIOR IN ZERO GRAVATY IN 1960, AT THE OTHER EXTREME, ANALYSIS OF A PRODLEM USING
PROVEN FORMULAS/RELATIONSHIPS AND/OR COMPUTEA-STORED PROGRAMS |S RELATIVELY SIMPLE (LEAST COST IMPACT).

® CUT AND TRY (M
® DATA EXTRAFOLATION 0.7%
# STATISTICAL/ENPIRICAL 0.5¢
& ANALYSIS/SYNTHES |3 0.2§
(B CRVEC OF YEUT/TTAOLATION REQUIRAED | TEST LEYELS REQUINED TO FIND SOLUTIONS TD A PROBLEM ARE ALSO INDICATIVE

OF RELATIVE SYSTTM IAPACT. A mAJON FLIGHT TEZ5T, FOR INSTANGC:, 15 VERY COSTLY BUT IS SOMETIMES JUSTIFIED AS THE
OMLY TEST LEVEL WHICH WILL CREATE ACTUAL COIBINED TEST ENVIROMMENTS WHICH ARE NECESSAAY FOR HiGH-CONFIDENCE RESO-
LUTtOM, LABCAATORY TESTING, OM THE OTHER H.ND, TENDS TO BE LESS COSTLY BECAUSE THE TEST TEAM IS CENERALLY SMALL
AND THE TEST ENVIROWMENT, EVEN If COWSIDERED COSTLY, DOES MOT LAST VEAY LONG {APPLIED INTEAMITTENTLY).

& RAJOR FLIGHT TEST 1.09
® HAJOR GROUND TEST 0.75
® FLIGHT /GROUND PASSENGER 0.50
® LABORATORY 0.25

. DEVELOPMENT TESY APPROACH | THE DEVELOPMENT TEST APPROACH REFERS TO THE PRIMARY METHOD TO OE USED TO OBTAIN

E DESTRED TEST RESULTS. AS AN EXAMPLE, COMBINED TEST ENVIACHMENTS ARE GEMERALLY PREFERRED, FROM A TEST POINT
OF VIEW, SECAUSE THEY STRESS THE TEST ARTICLE SIMILAR TO ACTUAL UST COMDITIONS AND THEMEBY ELIMINATE SOME OF THE
UNKHOWNS (THE ADDITIVE EFFECT OF INTEAMAL STRESS LEVELS CAUSED OY JIFFERENT ENVIAONMENTS). COMBINED TEST ENVIR-
ONMENTS ARE DIFFICULT TO ACHIEVE AiQ ARE, THEREFORE, COSTLY TO SIMULATE. A DEMONSTRATION TEST, MOWEVER, 1S
USUALLY STRAIGHTFORWAAD AND, FROM A COST 1MPACT STAMDPOINT, REPRESENTS RELATIVELY LOW TEST COSTS.

® COMBINED INVIROMMENTS TESTING 1.00
& DETEAMINE SAFETY MARGINS 0.75
@ DETERMINE FAILURF WODES 0.50
® DEMONSTRAT IOW 0,25
® GATHER DATA 0

b, OTHER HARDMARE | AFACES REQUIRED | OTHER HARDMWARE INTERFACES REQUIRED TO CONTROL, MONITOR, SIMULATE, RECORD,
CO0L, SUPPORT, POINT, OR TRACK THE TEST ARTICLE ARE ALSD AN INDIAECT MEASURE OF TME IMPACT OF A TECHMOLOGY DEFICI-
ENCY | NYWUEL HARNLARE |MTERFACES REPRAYSENT COMSINERABLE COST TO OBTAIN AND CPERATE, OR TO SIMYLATE THE EFFECY OF
THE INTERFACE. FOR THESE REASONS, CONBINED SUBSYSTEME/INTEGRAIED SYSTEMS (AS A HAROWARE |NTERFACE) 1S THE MOST
COSTIY AMD  THYREFORF | HAS THE WIGHWEST PRIORITY RATING VALUE OF |.00. OTHER SUBSYSTEM INTIRPACES REPRESENTS THE
LEAST COST IWPACT AND HAS THE (OWEST PRIORITY RATING VALUE OF 0.15.

w LOMBINED SUBATITERS/iRTRGAATED SVITERS [
® UTHER COMPLETE SYSTEMS 0.75
® OTHIR PARTIAL SYSTEWS 0.50
® OTHER SUBSYSTEM INTERFACES 0.25

3-5
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Table 3.0-5.

Priority Rating Results

PRICRITY RATING CRITERIA

RET EFFECT LEVEL OF oTuia
on HARDWARE TYPE OF TEST/ | OEVELOPRENT| HARDWARE
PLATFORM | LEVEL OF | LOGIC FOR | SIMULATION TEST INTERFACES
POTEMTIAL TECHNOLOGY REQUIREMENTS PEAFORMANCE | PROBLEM AESOLUTIONT REQUIAED APPROALH AEQUIRED TOTs1 RATING

1. RMADIATION-DESISTANT FIBER OPTICS 0.75 o c.75 0.2% 8.75 0.25 .75 5
2. SPACE CHAKGE DISSIPATION TECHMSQUES 1.60 o 0.%0 0.50 0.75 0.5 3.50 3
3. RACIATION-RESISTANT THEIMAL CONTROL COATING 0.25 0 0.50 0.50 0.7% 0.2% 2.28 3
A. LOW CTE, HIGH NOODULUS, FLEXIBLE TENSION PMENEER" 0.8 0.25 1.00 0.25 0.50 0.50 /A 8
5. ::ﬁ}::mm, LOW CTE, HIGH-STRENGTH CLUSTER ¢.50 0.25 0.75 0.25 o.50 0.50 .75 5
6. ::ﬁ:::l&lﬁ. HIGH-STRENGTH MEMBER (MALE) 0.15 0.25 0.50 0.5 c.50 0.5 2.00 7
7. 1ERO-BACKLASH JOINTS 0.75 0.25 0.50 0.15 0.75 0.50 3.00 4
8. INSULATED FLEXIBLE COJLANT LIMES 0.25 0.35 0.50 0.25 0.50 0.25 2.00 7
9. HIGH-CAPACITY HEAT PIPE 0.0 0.25 G.50 0.25 0.50 n.1s W/A 8
10. OANBITAL TRANSFER THAUSTER {1335-2225 N THRUST) 0.7% 0.50 0.7% 0.50 1.00 0.75 L% 1 2
11, OAMPING CHARACTERISTICS PREDICTION VECHMIQUE 0.75 6.75 0.50 1.00 0.7% 1.00 LTS !
11. ADAPTIVE CONFROL TECHNIQUES 0.a 0.50 0.50 0.25 o 0.25 /A 8
13. ACTIVE STAUCTURAL COWTROL TECHNIQUES 0.0 0.75 0.50 n.25 0.50 0.75 N/ 8
16, PASSIVE STRUCTURAL DAMPING TECHMIQUES 0.50 0.25 0.75 0.25 0.75 c.2§ 75 5
15. MEMINIZE STRUCTURAL LOAD AMPLIFICATION 0.50 0.50 0.50 0.50 0.50 0.50 3.00 4
16. MICROMETEOROID VMPACT 0.75 6.25 0.2§ 0.7% 0.2§ 0 .25 6

NOTE: A VALUE OF 0.0 IN THE FIRST COLUMN AUTOMATICALLY PLACES THE REQUIREMENT [N LAST PLACF.

* NOT A SELECTED CONCEPT.
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Table 3.0-6.

Sensitivity Trade Results

PRIORITY RATING CRITERIA
NET EFFELT LEVEL GF OTHER
oM HARDWARE TYPE OF TEST/ | DEVELOPMEMT] HARDWARE
PLATFORM | LEVEL OF | LOGIC FOR | SIMUGLATION TEST INVERFACES
POTERTIAL TECHNOLOGY REQUIREMENTS PERFORMANCE | PROBLEM RESOLUTION] AEQUIRED APPROALH REQUIRED TOTAL RATING

1. RADtATION-RESISTANT FISER GPTICS 2.25 0 0.75 0.25 0.75 0.25 h.25 5
1 - 2. SPACE CHARGE DISSIPATION TECHNIQUES 3.00 ] 0.50 0.50 67 0.25 5.00 3
3. RADIATION-RESISTANT THERMAL CONTROL COATING 0.75 0 oj;; 0.50 0.75 0.25 2.75 .4
k. LOW CTE, HIGH MODULUS, FLEXVBLE TEMSION MEMBER 0.0 0.25 1.00 0.25 6.50 0.50 NA 11
5. ::?:I::IGHT, LOW CTE, HIGH-STRENGTH CLUSTER 1.50 a.25 0.75 6.25 0.50 0.50 3.75 7
6. é:ggrlesnt, HIGH-STRENGTH MEMBER (MALE) 0.7% 0.25 0.50 0.25 0.50 0.25 2.50 10
7. ZERO-BACKLASH JOINTS 2.25 0.25 0.50 9.75 0.75 0.50 4.50 4
3: 8. INSULATED FLEXIBLE COOLANT LiHES 0.75 0.25 G.50 0.125 9.50 0.2% 2.50 9
9. HIGH-CAPACITY HEAT PIPE ¢.0 0.25 0.50 0.25 0.50 0.25 K/A 11
10. ORBITAL TRANSFER THRUSTER (1335-2225 N THRUST} 2.25 6.50 0.75 0.50 1.00 B 0.75 5.7% 2

11, DAMPING CHARACTERISTICS PREDICTION TECHWIQUE 2.25 0.75 0.50 .00 0.75 1.00 £.25
12. ADAPTIVE CONTROL TECHNIQUES 0.0 0.50 0.50 0.15 o 0.25 N/A 11
13. ACTIVE STRUCTURAL CONTROL TECHNIQUES 0.0 0.75 0.50 0.25 0.50 0.75 N/A 1

1. PASSIVE STRUCTURAL DAMFING TECHNIQUES 1.50 2.175 0.75 0.25 0.75 0.25 3.75

1S5. MINEMIZE STRUCTURAL LOAD AMPLIFICATION 1.50 0.50 0.50 0.50 6.50 0.50 h.00

16.  MiCROMETEORO!D !MPACT 2.35 0.25 0.125 0.7% 0.25 0 3.75

A VALUE OF 0.0 [N THE FIRST COLUMN AUTOMATICALLY PLACES THE REQUIBENENT IN LAST PLACE.
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NEW TECHNOLOGY NEED

TASK TITLE:

A highly damped structural system will minimize any requirement to aug-
ment motion with the attitude conftiol 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 a2 method of snalysis (verified by test data) which will predict
the damping characteristics of deployable structures contaiuing extensive
utility lines and cables in 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.

Damping Characteristics Prediction Technique
[ Se—
JUSTIFICATION:

. T e . o o~
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l NEW TECHNOLOGY NEED
A —
TASK TITLE:  ORBITAL TRANSFER THRUSTER (1335 TO 2225 N THRUST)*

— —

Justification

Many light-weight atructure 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 dxygen and liquid hydrogen, needs to be
developed for this application.

Technical Objective

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

Task Lescription

Condict detail design, analysis, manufacture, and development tests to
verify performance and reliable operation of an orbital
transfer thruster in the 1335 to 2225 N thrust range. A soft thrust

may tequire a variable area injector, a sequenced injector design, or
variable~speed, motor-driven pumps.

*This technology requirement is invalid 1f earth storable propellants
are chosen for the orbital transfer function.

3-9
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_ _NEW TECHNOLOGY NEED

TASK TITLE: SPACE CHARGE DISSIPATION TECHNIQUES

JUSTIFICATION

The space environment, particularly at geosynchronous altitudes, i1s 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 vicinicty,
Large arcs, or the corona discharge so produced, radliate large-amplitude
fast-rise-time electromagnetic pulses that can be detrimental to circuits and
circuit plece-parts.

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

TECHNTCAL OBJECTIVES

® Investigate and recommend, based on simulated environmental testing, a
surface coating which will produce secondary electron emissiona (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, thrcugh secondary yileld or photon emission of the coating, actually
works,

TASK DESCRIPTION

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

The purpose of this task is to demcnstrate the above effecet 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
recommended coating. Laboratory application tests will be conducted, and
methods will be developed which verify uniformity and adhesion.

Prrt IIT will verify the basic theory of the new coating by space testing.
A gpacecraft (an ATS geosynchronous vehicle) will be crated with the new
material and be sultably 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:

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 QOBJECTIVES:

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

TASK DESCRIPTIONS:

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

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

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

3-11
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__NEW TECHNOLOGY NEED

f=s
TASK TITLE: Minimize Structural Load Amplificatfon

JUSTIFICATION

Several approaches are possible which will reduce load ampl{ification
factors for lightweight structures, namely: (1) soft transient thrust
buildup of RCS thrusters (0.1 to 0,25 1b thrust, 10-20 second rise time);
and (2) optimum pulsing of RCS thrusters to deadbeat the structural
response of the system. The most cost-effrective approach must be defined
and demonstrated because a structural louad amplification of two

will require structural menmbers with greater stiffness (more weight) for
the deployable platform system,.

TECHNICAL OBJECTIVES

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

TASK DESCRIPTIONS

Two approaches are p  :sented. 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 RC5 thruster (0.1 to 0.25 1b
thrust level) which has a 10~20 second rise time.

2. Define a suitable method (hardware and mechanization) for
optimum pulsing of current design RCS thrusters, such that
the structural respunse 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.
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TASK TiTLE: RADIATION RESISTANT FIBER OPTICS

— ——

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, protona, or
photons) displaces an oxygen molecule, thereby destroying one 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 electrons, protons, or photouns)
which can be more damaging (because these are harder to shield againat)
than the original radiationm,

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

TECHNICAL CBJECTIVES:

l. Determine the posaibility that organic materials (such as Acrylic),
with higher enerry 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 DESCRIPTIONS:

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 l0-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 degradatiom).

PRI

o]
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NEW TECHNOLOGY NEED

TASK TITLE:

Lightweight, low CTE, High-Strength Cluater Fitting
_ ' ]
JUSTIFICATION:

Without a low CTE cluster fitting, the effective CTE for the overall
deployablae platform design could be appreciably higher and result in
increased thermal deformationm.

TECHNICAL OBJECTIVES:

Develop a technique for producing multi-directional cluster fittings
which have the following characteristics: (1) low CTE in each ~f the
projected (longitudinal) directions; (2) close-tolerance clevis pin holes;
(3) high bearing allowables at the clevis pin holes; (4) low overall
weight; end (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 {(glasa/carbon), as well as
combination techniques (partial hand layup, partial injection mold),
Consider metal inserta for clevis pin holes.

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

3. Develop a process specification to be used tc¢ produce multi-directional
cluster fittings.
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NEW TECHNOLOGY NEED-—CONTINUATION SHEET
TASK TITLE: PASSIVE STRUCTURAL DAMPING TECHNIQUES

I e T e T S - A

JUSTIFICATION. The visco-elastic material currenily used to attenuate
structural response is very heavy and, therefore, woulld Tu. be suitable
for application to the entire deployable platform. A judicious applica-
tion to each pinned joint, to cause the jolat to respond more like a
cantilevered beam, needs to be investigated and design solutinns verified
by testing.

TECHNICAL OBJECTIVES. Develop passive structural damping techniques
guitable for the pinned joints of large deployable space platform
structures.

TASK DESCRIPTIONS

l. Design studies to determine best means of applying visco-elastic
material to plonned joints.

2. Laboratory test program to verify attenuation of structural response
(pianned joints respond more like cantilevered beam).

3. Establish a design standard for applying visco-elastic waterial to
pinned jeoints for deployable space platforms.
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NEW TECHNOLOGY NEED

TASK TITLE: Micrometeoroid Impact Structure Damage

JUSTIFICATION

The probability of micrometeoroid impact upon the structural members in a
deployable truss 1s sufficlently significant to be of concern to the
structural integrity. Presently, there {8 virtually no data descriptive

of the impact damage upon structural tubes of circular, square, or rectang-
ular croas saections fabricated from composite materials,

TECHNICAL OBJECTIVE

To develop analytical method (confirmed by testing) for prediction of
micrometeoroid impact damage to circul-r, square, and rectangular tubes
of graphite epoxy and aluminum construction.

(1) Develop analytical methodology, using existing techniques to
maximum extent possible, to predict structural damage of cand-
idate constructions.

{2) Manufacture nine representative sections of graphite epoxy tubing
and nine representative sections of aluminum tubing. Two tubing
shapes will be made (nine round, and nine square).

{3) Characterize each different tubing shape (round, square) for
compressive strength,.

(4) Test six sections of each different tubing shape for hypervelocity
impact, using glass beads with a mass of one gram (or less) to
produce velocities of 7 km/sec or more. Three sections are to be
hit on centerline, and three sections hit one inch off centerline.

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

(6) Correlate analytical predictions with test data and mobility
prediction techniques, as required.
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NEW TECHNOLOGY NEED

TASK TITLE: Radiation-Resistant Thermal Control Coating
e e —— Ry et e

JUSTIFICATION

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

and titanium dioxide)} tend to incresse in solar abscrptivity iu the apace
environment. The caude 18 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 slowly discolcr because

of color centers formed (caused by the loss of oxygen cr 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 geocsynchronous orbit.

TASK DESCRIFTION

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

A
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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 bean developed and demonstrated.

Technical Objective
Develop +-~d demonstrate a high capacity heat pipe.

Task Description
Develop and demonstracte a high capacity heat pipe design (20 KW-meters
and above), suitable for space platform application,
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TASK TITLE:

Active Structural Control Techniques

JUSTIFICATION:

This technology will permit srstem performance requirewents to be achieved
in the presence of relaxed st:uctural stiffness, frequency, damping, and
alignment requirements.

TECHNICAL OBJECTIVES:

Dovelop an active structural control technique for vibration sdppression
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 ... evaluate sensitivity to '"real world" errors and
develop haidware requirements.

4. Develop sengor and actuator requirements.

5. Verify sensor and actuator \erformance by space flight-
testing representative structure and utilities.
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__NEW TECHNOLOGY NEED

[ r—— 7

TASK TITLE:

Adaptive Contrgl Techniques

JUSTIFICATION

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

TECHNICAL OBJECTIVES

Development of an in-flight dynamic mode identification technlque 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) Syntheslze adaptive approach for space platform application,

(3) Simulate system and evaluate sensitivity to "real worid" errors.
(4) Formulate new criteria for structural dynamic design requirements,.
{(5) Verify in-flight dynamic mode identification technique by ground

Er FR—
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testing representative structure and utilities.
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NEW TECHNOLOGY NEED l

TASK TITLE:

Spacs Operationa/integration & ‘l Rochkwell

Lightweight, High-Strength Member (Male, itting
AR, 4*

JUSTIFICATION:

Separate (male) fittings will weigh more (and require more volume) than a
fitting which is integral with the structural member. Packaging efficiency
of the deployable platform may be degraded.

TECHNICAL OBJECTIVES:

Develop a technique for producing lightweight, high~strength member (male)
fittings #s an integral part (extension) of the structural compression
membar.

TASK DESCRIPTIONS:

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

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

3. Develop a process specification to be used to produce integral
- (male) member fittings.

LT TR ———
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TASK TiTLE: INSULATED FLEXIBLE LINES

—— _ ]
Justification

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

in a deployable structure.

Technical Objective

Develop a new concept for insulated flexible lines.

Task Description

Design and develop a new concept for an insulated flexible line which is
not bulky and will permit bending to a small radius.
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TASK TITLE: Low CTE, High Modulus, Flexible Tension Member
JUSTIFLCATICON:

NEW TECHNOLOGY NEED

The only high-strength tension member which is quite flexible and currently
available is stranded wire cable. Wire cable, however, has a substantially
higher coefficient of thermal expansiun 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 of thermal expansion, and not
degrade in the space environmeni.

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.
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4. CONCEPT SELECTION

This section describes the process used to select the most suitable concept
from the e‘ght candidate building block deaigns, described in Section 1. This
groceau identified Concepts 6 (Pigure 1.4-17) and 8 {Pigure 1.4-20)} a=s

ogether being the designs that best satiasfy the major criteria tabulated in
Table 4.1-1. The major reasona for identification of Concepts 6 and B are
enunerated as follows:

] The open~square shape of Concept 8 has the best growth potential for
utilities and can acoommodatee?in trays) up to twice the adopted
atudy requirements {increased utilitiea requirements are typical
with program maturity).

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

0 The two designs iogether can satisfy the LEO/GEQ platfoim
requirements with common concepts ¢of housing, adapter, deployment

mechanization and building=block to building-block attachment
designa.

0 Redundancy for metecoroid impact survival {if neceassary) is available.

0 The asquare housing ia most suitable for mounting of payloads,
subsystems, p.opulsion modules, and mounting porta.

o The square housing is moat amenables to¢ suppart in the orbiter cargo
bay.

The identification of Concepts 6 and B8 wae 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 64, (Figure 4.11-2). Concept
6A ia the same design as Concept 6 except the longerons are folded at 30°
rather than 45° (Drawing 42712-29, Volume II1), clearing the center of the
square frame for inatallation of utility trays such as are shown for Concept B
{Drawing 42712-025, Volume II). The overall features of thia design are
summarized as follows:

0 Building-block apprcach for automatic depioyment of platform systems.

0 The square-shaped truss is most suitable for inter-building-block
attachments; mounting of payloads, docking ports, propulsion
modules, etc.

0 Circular tubes for all truss members provide minimum cost
ccnatruction with use of graphite composite construction.



0 Trays for mounting of adopted complement of utilitiea provide saase
of initial installation, repair, and replacement during total ground
fabrication period with minimum truss structural design constraints
imposed by utilities integration

0 Small complements of utilities can be mounted dirsctly onto the
longerons {design reduces to Concept 6).

0 Square~shaped housing with reciprocating deployment mechanism

o Bay~by=-bay deployment to facilitate identification ot deployment
problem (in the event this occura).

o Rail system for root strength during deployment permita orbiter
berthing and orbiter VRC3 firing, if nscesaary.

o Adapters for mounting of payloads with automatic electrical
connector interface.

0 Payloads and propulsion modules attached using RMS.

Purther detail concarning the selection process is provided in the remainder
of thie section.
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4.1 MAJOR CRITERIA

The criteria used in the sc¢ ection are listed in Table 4.1~1. Many other
criteria wers included and then rejected, since there was no difference among
the concepts inaofar as theme critaria are concerned. For example, one early
criterion was the ability to deploy in a atraight 1line. All of the concepts
have this charscteristic, hence that particular criterion was eliminated.

An oxplenation of each criterion together with the approach to grading the
concepts is provided in Sections 4.3 through 4.9.

Table 4.1~1. Major Criteria Used in
the Selection Process

1. DESIGN VERSATILITY (WITH DISTINCTIONS BETWEEN LEO AND GEO)
OF STRUCTURAL CONCEPT

® Accowmmodation of adopted powsr and data utilities requirements

® Accommodation of reduced powar and dats utilities requiremencs

#® Accommodation of fluld utilities: Two 2-cm lines (or equivalent)
® Satisfaction of adopted atrength and stiffness requirementcs

® Satisfaction of strength and stiffness requirements that are sach
1/10 of the adopted values

® Satisfaction of the adopted strength requiremsnt and 10 times
the adopted stiffness requirement

® Placform construction

® Accommodation of aluminum and graphite composite metarials

2, COST OF TOTAL BUILDING BLOCK IN GENERIC PLATFORA
® Launch cost
® Fabrication cost
® Orbit transfer to GEO
® Technology development differentisl (negligible)

3. THERMAL STABILITY OF STRUCTURAL CONCEFT

4, METEOROID IMPACT SUTITABILITY OF STRUCTURAL CONCEPT

5. RELIABILITY OF DEPLOYMENT (BUILDING BLOCK)

® Basic truss structutre ® Docking port structure
® Housing ® Materisls variation
® Adapter ® Machanization

6. FPREDICTABILITY OF PERFORMAMCE OF STRUCTURAL CONCEPT

7. TNTEGRATION SUITABILITY OF BUILDING BLOCE

4-3
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4.2 METHODOLOGY

The eight concepts sre graded by an allocation of points. Points are
allocated to the concepts in two ways:

. 0 Qualitative data are converted tc points judgmentally.

0 Quantitative data are converted to points using a linear systen as
shown in Figure 4.2-1. Regarding the line marked "baseline

- evalustion” the most desirable concept is avarded 100% points and
the least desirable concept iam awvarded 50% points. The other
goncepts are graded on & linear basis betveen the two extremes.
This sethod was used for all the tables shown up to and including
Tables 4.10-1 and -2.

[ QUANTITATIVE DATA |

NAF. —o SASHLINE EVALUATIOM
ENSITIVITY STUDY

-

AP

POINTS

LILIL HSIGI CONSTRA INTS —

s RAX 1MUM CES IRABLE YALUE po— LEAST 1
OF PEAFORMANCE PARANETER OL5 | RABLE
vaLUg of
PERFORMANCE -
PARAMETER [ 0
2

FERFORMANCE PARAMETER

xg
RAIL LENGTH (w)

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 ia that zero ¥ points are awarded to
the leant desiradle concept inatead of 50%. This method was used in compiling
sumpary tables (4.10-3 and -4). Both the “baseline atudy” and the
"sonsitivity atudy” are incorporated into this selection process.

There 18 only one important distinction between LEQ and GEO in terms of
concept selsction, and that is mass. Other differences between LEQ and GEQ

are listed below, but do not affect concept selection:

t

0 Transfer to GEQO introduced a somewhat higher loading r'gima. but not
sufficient for diatinction in trade

o No significant differsnces observed in flexural and toraional
stiffness requirementa

A
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0 No differences (aignificant 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 for this eriterion is shown on
saven tables:

) Table 4.3~-1

Electrical Accomodationa (GEQ)

o Table 4.3-2 ~ Electrical Accomodations {(LEO)

0 Table 4.3-3 - Pluid Utilities Accommodations {(LEQ and GEO)

0 Table 4.3-4 - 3tructural Materialm Variation (LEO and GEO)

0 Table 4.3-5 - Strength & Stiffness Accommodations (GEQ)

o Table 4.3-6 - Strength & Stiffness Accommodationa (LEG)

o Table 4.3-7 - Platform Conatruction (LEO and GEOQ)

The following notes are intended to explain the rationale behind the grading
and points alloes ;ion of Tables 4.3-1 through 4.3-7.

.

Por Tables #.3-1 through 4.3-3:

0 Mase implications apply to the mess of traya, clipa, and ahoes,
etc., neceasary to support utilities.

0 The high electrical requirement is the bassline adopted requirement.

0 The low electrical requirement consists of eight No. 4 lines and 1/8
the complement of adopted data lines.

) The values aseigned are based on accommodation of utilities by the
utilities inatallation deaigns tabulated as follows:

CONCEPT LOW REQUIAEMENT HIGH REQUIREMENT FLUI DS
1 TRAYS TRAYS TRAYS
2 TRAYS TRAYS LoOPS
3 COILED COILED LOOPS
4 LONGERONS LOOPS LOOPS
5 TRAYS TRAYS TRAYS
6 LONGERONS LoOPS LooPs
7 TRAYS TRAYS TRAYS
8 TRAYS TRAYS TRAYS

B TP
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Tables 4.3-1 and 4.%~2 address the comparative capability of the deaigns to
accommodate the electrical utilities, respectively, for GEO and LEO
applications. The following clarification of the evaluation parameters is
presented:

0

Reliability for Space Deployment

This parametar addresses the likelihood of asucceaafully moving the
electrical lines from the stowed to the deployed poasition.
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 leaa
reliable for large bundles. Coiled lines are judged to be the leaat
reliable.

o Ease of Ground Deployment and Checkout
This section addresses the ease/difficulty of extending and
retracting the electrical utilities aseveral times in a l-g
environment. Factors inoluded in the asmensment are accessibility
and the neceassity for manual resetting of the lines for retraction.
Table 4.3-1. Electrical Accommodations (GEOQ)
!LICTIICA_L UTILITIRY ICCW
L0 SEOU NS L1154 WegyIRprENT
[ At or
b4 utll":ct'un - -l‘l'l‘ltl'urv ':‘I_ lu':!-luw gt
: si.[j' LTI g (o ffrja: et K T
: L™ Y41 mAs ) PTY [ AEGVIREmNT] wanE | PTY | M) *TE | e Y wl *TE | ST AL AT
s 10 20 | a0 | re | ™ %0 e ™ 70 140
1 |1 |20]3 | 9| 3j18|.1a{201 57 120|110}t |20 .salxo 80 117
2 1 {30|lal sl 3lwmlo(20] g7 1|20{1 |10 1|20 i0.1{19]| we 138
3 18 15|88 | 4| aji0)o {20 40 s|lislej4]|ealia} ofa0] 51 100
4 |y 201 {10]| 1f20]0 |20 70 sal18f6 (6 (7| e, .18/18]| 8 118
5 |1 ja0]7 | 7] aj18l.14l10] s8 1{20|4 | 8] 1 |20 |.04f31] 30 114
8 |1 [20]102e)] 1]20f0 {20} 70 e|18|e 6| 7| 8{o.1|19] 40 119
7 |1 2018 | 7| 3{18 | 14|10 35 1]/20j4 |81 [20].04]21]| 50 114
8 |1 |30]s| 8] alisjo.oj20| es 8|13 9|1 |20 {0.af15] a3 129
nOTES ! 7
* K6 X 1073
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Table 4.3-2. Electrical Accommodations (LEQ}

TLECTRICAL UTILITIES ACCOMMODATTON
QUIREMENT HIGH REQU]REMENT

¢ EASE OF LASK oF TOTAL
0 |muiasinire] caowms [surrasiuiry RELIABILITY|  GROUWD | SUITABILITY e
N IPACE | OEPLOYMENT | TO LAUMCH | Lo00 seact | verrovmewr | o Lamon | oo | o
¢ | otrovment | s owcxour |ewvinomeent| Tt | oercoveewr | ¢ cnecrout Lewvinowant o Loy
€ [saan [ ers [wwm] pvs [wwne] pvs | negar | prs Tnan| evs { e} ors | egur | megor
T [max poinrs | max porwrs | max oINS | nax prs! max pOINTS | MAX POINTS | MAX POINTS | MAXK PTS | MAX PTS
20 10 30 80 29 Y 20 50 100

1 1 {30 | 3] 9| 3| 18] e7 1 20| 2] 1] 1|30 | so 97
3 1|30 a 0 1 18 47 14 320 1 10l 1] 20 50 "7
3 sl | 8] 4| 8| 10| 20 sis| @ 4 6112 N 80
4 130 [ 1 |10 | 1 [ 30f B0 6| 18] o ol 7! 8] 30 80
5 1|20 j ej 7] 3| 18l 45 1|20 4 ] 1|30 ]| 40 93
| 8 1 20| 1 {10}l 1| 20] 80 6| 18] o o] 7| 8| 30 ]
"} 1t {3 6] 7] a] 18] 48 1{20] 4 8] 1|20 48 03
1]20) a4} ajf 3] 1a] e s]1e] a gl 1| 20| 48 N

ﬂ —

Suitability to Launch Environment

This parameter subjectively accounts for the degree of support
provided to the utilities during launch by the utilities
inatallation syatems (longerons, trays, clips, shoea). Electrical
utilities mounted on the longerons are best, with trays second, and
the remaining concepts last. The points allocated are a judgmental
entimate of the relative difference between the deaigns.

Mzae Implication

This parametar quantitatively accounts for the GEQO tranafer cost
implication of the utilities support aystem mass. The masses shown
rapresent the delta mass above that of the minimum value.
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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 end radius in the fluid lines is judged to be batter than a
small bend radius. A small bend radius haa higher stress and takes
more force to fold.

) The notes for Tables 4.3-1 and 4.3-2 apply to the other parametera
ahown.

Table ¢4.3-3, Fluid vtilities Accommodation
(LEO and GEO)

FLUID UTILITICS ACCOMMODAT | O
tASE OF

c RELIABELITY| GROUWD  [SUTTABILITY
0 SPACE DEFLOYNENT | TO LAUWCH HIN UM
N DEr . IMENT | & CHECKOUT |EnvIROweENT! REMD RADIUS
g ' [ NADIUS
P Rawk | PYS (maax [ PTS [Aamx ) PTS ] (CM) | rYs | TOTA
T MAX POINTS | MAX POINTS { MaX POINTS | WAX POINTS |MAX PTS

a0 io " 20 70
1 1 | 20 1 |10 1 | 30 12 15 65
2 5 | 1p ] 8 5 118 20 20 [.1.]
3 8|10 (] 7 6 |1s 20 20 53
4 3 {19 L] T 7 [} 14 14 48
) 1 |20 a3 e 1 |20 N 10 N
[} 8 |19 8 7 7 [ 14 18 80
7. 1 | 20 3 9 1 | 20 4 10 e
8 1 |20 t |10 1 130 3,1 10 a0

Table 4.3-4 compares the versatility of the candidate atructural deaigns to
use either aluminum or composite materials {(graphite epoxy or metal matrix).
The judgemental evaluation ias based upon the degree of static determinacy oi
the structure. The maximum points are assigned to statically determinate
atructures. A pure statically determinate structure can sxperience thermal
gradients between members with no loada incurred and no resiatance to closure
Just prior to locking &t the end of the deployment phase.
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Table 4.3-4. Structural Mateorials
variation (LEQ and GEO)

STRUCTURAL MATERIAL
VARTATI ON*—~ 10 POINTS
CONCEPT| AMR POINTS
1 1 a0
3 1 20
3 8 g
1 1 20
L] L s
] 1 0
7 1 20
s ] L}

HoTES:
“COMPOTITE NATERIALS OR
ALUMT U

Tablea 4.3-5 and 4.3%~6 compare, for GEC and LEO platforms, respectively, the
candidate concept trusses accommodation of varied strength and stiffneas
requirements. The three rangea of strength and stiffness requirsments are
defined in Table 4.1-1, (Major Critaria used in the Selection Process). The
accommodation of strength and stiffness is described hy paclmging efficiency
and structures muss; hence, these parameters are the basis for this
assesamsnt. Clarification of each of the parsmetera is as follows:

0 Packuging Efficiency

The packaging efficiency is the ratio of deployed length to stowed
length. This is a quantitative evaluation with linear distribution
of pointa between the maximum and minimum values. Consideration was
devoted to use of a volumetric efficiency term. The linesr
efficiency is used because the astudy of packaging (Sectioan 1.4.3)
the concepts indicates that it is the moat significant fuctor.

o Maas Implication

Thia parameter represents the estimated weight difference between
the conceptas as used in the generic platform. A detailed bhreakdown
of the deaigns for the adopted strenzth and atiffneasa requirements

is presented in Table 1.4-3. The concern here is the implication on
GEO tranafer cost.
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Table 4.3-5. Strength and Stiffness Accommodation (GEO)
STRENGTH AND SYIFENESS ACCOMMODATION
REOUCT I STRENGTH ADOPTED STHENGTH INCREASED

c AND STIEFNESS AND STIFFNESS STIFFNESS I
0 | racauing PACKAGING PACKAGING
N Yermiciency | mass EFFICIENCY |  MASS eFriciEncy | mass
g {PE) INPLICATE {rt) INPLICATEON 41 INP1,) CATION
P 4 4 N TOTAL
T pe | rrs | ass | s PE | P18 |mass | PTS #E | rYs | wagg| e Arost

HAX POINTS | HAX POIRTS | SUBTOTAL] MAX #GINTS | MAX POINTS {SUBTOTAL| MAX POINTS | mAX POINTS | SUSTOTAL| REQMTS.

10 0 0 20 30 80 10 10 20 100
1 a2 83 11.0]| 12 17 18 10 |1.1 17 27 a 5 10 0 [ 40
2 32w {12,10| 20 |[a21.8) 17 t.a | 18] a2 a )]s Jwa]o 5
3 38 7 10.0) 20 27 20 | i8 lo.0 | 30 48 20 ° o [10 19 1
4 16 7103] 19 29 20 | 13 0.7 | 22 ar 10 8 |10 ] o0 8 a9
8 1] o fo,9]| 13 19 1.3 20 lp.1 | 20 49 s 10 3| a 13 1]
é 31 9 to,a1] 18 24 20 18 1.0 18 33 10 8 12 [} s 63
7 13 8 |1.3! " 16 I8 20 1.3 | 1% 1.1 s |to 3 13 64
8 a8 8 lo.s ! 18 23 22 17 oo | 18 as 14 T J12]o0 T o
i

WOTES:  RARL DATA {KG » 10-3) BASED OM GENERIC PLATFORN (WITHOUT MECHANIZATION SYSTEM).

Table 4.3-6.

Strength and Stiffness Accommodation (LEQ)

STRENGTH AND STIFFNESS ACCOMMODATION
REDUCED STRENG! 4 ADOPTED STRENGTH INCREASED
¢ AND STIFFNESS AND STIFFNESS STIFFNESS
o PACKAZ WG PACKAG ING PACKASING
N EFFICIENCY EFFICIENCY EFFICIENCY
g {re} {r£) {re) TOTAL
p e | »oINTY e POINTS PE | POINTS “:ff’
T HAX1HUM POINTS MAXINUM FOINTS HAXIMUN POTNTS REQMTS
10 20 1¢ 40
1 52 5 18 10 8 5 20
-y
2 32 10 21.8 17 8 33
3 26 7 20 15 20 B 3
4 28 7 20 15 10 8 28
5 25 o 25 20 23 10 38
a 31 20 15 10 8 30
7 23 8 25 70 28 10 38
8 28 8 ag 17 4, 7 33
4-10
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Table 4.3-7 compares the candidate concepts’' bui:ding-block platform
construction versatility. The following discussion clarifies the comparison
parameters.

Table 4.3-7. Platform Construction (LEC and GEOQ)

PLATFORM CONSTRUCTION
c EASE OF BEST MINIMUM
0 JOINING ACCOMMOLATION DESIGN
N BUILDING OF PAYLOADS CONSTRAINTS =
P BLOCKS AMD DOCKING RAIL
£ DEPLOYMENT
P RANK | PoINTS RAINK | POINTS R RTH [ roturs TOTAL
T HAX, POINTS HAX, POINTS MAX, POINTS MAX. PTS
20 20 20 a0
1 4 14 4 18 3.2 17 49
2 1 20 1 .30 2.5 18 58
8 8 8 6 6.0 10 22
4 4 14 4 18 1.6 20 " 62
5 8 10 8 10 1.8 17 ar
20 1 20 1.8 20 80
8 10 8 w 2.8 17 37
a 1 20 1 20 | 108 190 1)

o Base of Joining Building~Blocks

This section ranks the ease and versatility of joining building blocks
together to form platforme of many configurations. Building blocks are joined
to each other or to cther modules via the main housing or adapter. Rigid
aquare housinga/adapters are the best, followed by rigid triangular shapes-
Expanding triangular shapes, such ag Concepta 5 and 7, pose difficulties
because 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 longorona must be tied into another structure
(subaoquant to truss deployment) to maintain structural integrity.

) Best Accommodation of Payloads -nd Docking

Pa;loads/docking accommodations are provaded by the main housings and the
adapters. Adapters which do not change shape are judged superior to those
which expand ?Concepta 5 and 7) or to those which unfold (Concapt 3). Rigzid
gquare main housings are beat for mounting interfaces, closely followed by
rigid triangular houaings. Concepts 5 and 7 have expanding triangular
housinge which pose obvious difficulties. The mounting of an interfacs on the
main housing of Concept 3 requires a deployable substructure.

4-11
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Minimum Design Constrainta —Rail Deployment

The length of the deployment/guide rails poses some design
conatraints. If the rail is to be folded for stowing, a longer rail
may require multiple folds. 1If the rail is to be moved into
operating position mubmsequent to a partial deployment of the
tiruss/payload, a longer rail requires a longer "partial deployment”
wrich in turn implies a longer "partial deployment mechanisa”.
Pinally, if a fixad rall saystem is to be used, u longer rail implies
thut more of the orbiter payload bay is required for stowagu.

4.4 COSTS POR 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 l.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 utilitiea. The

Table 4.4-1. Costs for Generic Platform (LEQ and GEO)

¢ EQUIV, EQUiv,
0 POINTS POINTS
N & LAUMCH COST (D TOTAL FOR & OTV COST FOM | FOR
c AFAB. } oA cosT | A cost | ceo TmansFEm D | A cost
E Ty cosT FOM LEO | FOA LEO T IFOR GED
? LENGTH A HAX PTS A A max ers
(METERS)[  (sM) {sm) {4} 20 MASS () 20
1 2.25 5.9 1.5 7.4 1" 1.1 9.7 12
2 1.8 1.8 1.3 8.2 10 1.3 11.5 16
a1 2.3 6.0 0.3 6.3 12 0.0 0.0 z0
4 6.78 1.8 0.5 2.3 17 0.7 6.2 14
5 (0.0 0.0 0.0 6.0 20 0.0 0.0 20
8 2.1 5.8 2.3 7.8 11 1.0 2.8 12
7 lo.o 0.0 1.2 1.3 18 1.3 | 11.5 10
8 1.5 | 3.0 1.0 8.8 12 1.2 | 10.8 n
NOTES
M BASED OM $2.6M PER METEM OF PACKAGED LENGTH
@ BASED ON $B_RK PER k6
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difforence in packaged lengths is determined from the packaging arrangements
shown in Section 1.4.3. The recurring fabrication costs are extracted from
Table 1.4~5. The use of tho unit Shuttle launch cost of $2.6M/meter is oased
upon a FY 1981 launch cost of $48M divided by the 18.3 m bay length. A
aignificant reservation on the use of this value is that for s dedicated

miseion the $48M cost is incurred regardless of the length of the bay actually
used.

The differences in platform mass are obtainsd from the data shown on Tabile
l.4-4. A significant reeservation pertaining to the OTY transfer costs ia that
it 18 repressntative of only the adopted strength/stiffness requiraments and
for the generic platform. For this reason, and the reservations noted sbove,
the point allotment of the cost criteria on the final summation charts is no
more than 40. PFurther, the marimum cost differences shown are very small

compared to the total system cost.
4.5 THEKMAL STABILITY OF STRUCTURAL CONCEPT

The grading of the eight concepta for thermal atability is shown in Table
4,51, This table is a summary of the thermal data shown on Table 1.4-2.

Table 4.5-1. Thermal Stability of Structural Concept

L
d D1AGONAL LONGEROW TEMF. (°C) AT FIGURE OF
CONCEPT {m} PRESENT SUN SIDE | SHADE SIDE {*c) MERIT, d/(ATY | POINTS
) 1.6 YES 21.6 -13.5 35.1 0.046 1
z 1.3 YES 20.7 -11.6 32.1 0.)53 12 .
NO 24,0 '] 19.2
3.0 NO 2h.0 2.7 21.3 0.140 20
1.7 YES 21.7 “7 .4 29.1 0.058 12
5 2.5 YES 23.8 -36.0 59.8 0,040 1
(TENSION
STRAP)
& 1.3 YES 22.5 -22.6 451 0.029 10
2.5 YES 231.6 -56,7 80.3 ¢.031 10
8 1.1 YES 22.5 =17.5 40.0 0.1 10

4,6 METEQROID IMPACT SUITABILITY OF STRUCTURAL CONCEPT

This section discusses the imsue of potential meteorcid impact and structural
gurvival. The data in Table 4.6-1 were derived uaing the meteoroid model
stipulated in Reference 6. The model is sufficiently accurate for the GEO
environment. Man-made debris was less critical (Reference 153),

The aige of the meteorold particles and asscciated probahbilities are shown for
two sizes of platform and for a 10-year exposure. The projrcted area applies
to the totality of truss membera. Little to no recent information exiasts
pertinent to the size of holes resulting from the meteoroid strike,
particularly for graphite composites. From discuasaions with Materials
personnel and reviews of meteoroid impact damage (Reference 7), 1t is esti-
mated that the hole size may be 2 tr 4 times the diameter of the particle.
Considering the low levels of stress and low number of cycles assocclated

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 acreptable,.
However, since this needs to be verified, redundancy in the structural
design 18 an advantage; hence the grading of the eight concepts is based
on that consideration and is shown in Table 4.6-2.

Table 4.6-1. Probablility of Meteorold Damage

GENERIC PLATFORM (220 ml)
PROBABILITY
OF HIT IN METEOROID FOTENTEAL
10 YR DIANETEN HOLE DIA.
(1) {cm) {em)
1 0.60 1=1/4T0 2-1/2
2 0.48 1702
5 0.38 34T 1-172
SMALLER PLATFORA (70 ml)
PROBABILITY
OF HIT M RETEOROID POTENT{AL
10 YR DIAMETER WOLE DIA,
(1) {cm) {cm)
! 0.h2 /W TO §1/2
2 0.36 I/4TO1-1/2
5 0.30 17270 1-1/74
 —

Table 4.6~2. Meteorold Impact Suitability

METEOROID INPACT
SUITABILITY~~20 POINTS
CONCEPT AANK POINTS
1 5 0
2 b 16
i} 1 20
& 5 10
5 5 to
6 1 20
? 5 10
| 8 | 20

4-14
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4.7 RELIABILITY OPF DEPLOYMENT OF BUILDING BLOCK

This section comparems the candidate bullding-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.

0 Basic Truss Based on Number of Joints.

This evaluation 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 longerona
and pyramidal members. There is an inverse linear relationship bhetween ‘he
number of joints and the number of points awarded. Table 4.7-2 deacribes in
detail the numbers of Jjointas for each of the eight concepts.

o Basic Truss Based on Complexity.
This is an assessment based on the type of joints/ movements used in deploying
the basic truss structure. Sliding jointa in diagonals are judged to be more

complex than folding jointm. The I-gection sliding battens of Concapta 5 and
T are Judged to be the most complex.

Table 4.7-1. Reliability of Building-Block Deployment

THERMAL
C BASIC TAysS EFFECTS — THERAMAL DOCKI NG
o SASED oM |BASIC TRUSS| GRAPMITE | EfFFECTS— PORT
N NUMBER OF | BASED O | cowPosiTE | Atuminoe | wousing | AoArTER SUPPORT
c JOINTS | COMPLEXITY §  TRUSS ThUSS sTaucTume | staucture | sTRucTURE
€ po. of
‘; oinrg pre Jrams | pvs Frasx | prs foaue | prs framc | ers [oamw | pyspran | prs | TOTAL
MAX POINTS | MAX POINTS | AKX POINTS §naX POINTS | MAX POINTS |HAX POINTS | MAX POINTS | HAX POINTS
10 10 5 5 20 20 10 90
1 sa8| g 1 2 | 8 1 5] 1] s 1j20f 1] 20 1| 10 87
2 13830 s L 2 (8 | 8 12 6 4 1] %) 1{20} 1] 10 a2
k) 1368 8 1 10 1 12 T 3 1 20 8 12 8 4 89
4 hzaz | 8 | 2 | &8 1 15y 1] s 120 1] 20 1| 10 86
5 732 {10 {8 | 5 | 7 1| 71| 3 71 31 a|18| 8] 8 80
P
e 660 | 7 | 2 | 8 1 5] 11} 5 1| 20 1i120]| 1] 10 8s
7 head | 8 | 8 | B 1 15t 1| s 7| 8] a1l 8| & 83
8 pzos | s |8 | 3 1 1) 1] s 120 11 20 1|10 80

4-15
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Table 4.7-2. Number of Joints in Baslc Structure for Generilc Platform
NUMBER OF NUMBER OF NUNSER OF NUMBER OF
NUMBER LONGERON 01 AGONAL D1AGONAL BATTEN NUMBER OF
or FOLDED TELESCOPING FOLDED TELESCOPING PYRAMI DAL TOTAL
CONCEPT SAYS JOINTS JOINTS JOINTS JOINTS JOINTS JOENTS
L 1 2132 a3a a12 — a— — 348
2 270 1080 270 -_ - — 1380
3 114 488 —_ -— _— 213 1388
4 207 011 811 - — — 1342
5 122 Jae — -_ i) 732
6 215 830 830 — - —_ 1860
7 122 366 366 733 3686 —_ 1464
a 184 1472 738 - - _ azo08
NOTES: COUNT DOES NOT INCLUBE BASIC CLEVIS JOINTS SECAUSE THEY ARE SIGNIFICANTLY LESS COWPLEX
THAN FOLDING AND TELESCOPING JOINTS. THE NUMIERS ARE BASED OM APPROXIMATELY 340 METEMS
OF TRUSS, WHICH 1S THE LENGTH REQUIRED TO BUILD THE GENMERIC PLATFORM,

o] 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 materlals shown., The values are
judgmental between the maximums and minimum shown.

o  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

Concept 1, 2, 4, 6, and 8 are ravked first because they are rigid structures
which require no mechanisms. Concepts 5 and 7 are judged as having less reli-
ability because they are expanded by a mechanism, Concept 3 is ranited last
because it requires a separate mechanism to unfold it.

o] Docking Port Structure

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 geparate substructure to be deployed to
obtain a docking port interface. This requires additional mechanization,
which is the reason for 1ts being ranked 8th,

4=16
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4.8 PREDICTABILITY OF PERFORMANCE OP STRUCTURAL CONCEPTS

The grading for the eight concepts is listed in Table 4.8-1.

The features of the eight structural concepts which affect the accurate
prediction of structural performance are:

o]

0

A determinates structure is better than an indeteminate structure
for analytical purpomss

The difficulty of maintaining the tensior in "X" braced atructures
which is essentiml to performance predictability

The disadvantages of designs with offmet load paths at the joints

While WASTRAN analysis and development testing during s program can deal with
these effects, Tabls 4.8~1 judgmentally and qualitativaly accounte for these

additional requirements.

Table 4.8-1, Predictability of Performance

COMPOS | TE MATERLALS ALUM | NUM
¢ PREDICTION PREICTION PREOILTION PREDICTION
0 of oF oF of
N INTERNAL EFFECTIVE INTERNAL EFFECTIVE . ToTAL
C LOADS STIFFNESS LOADS STIFFESS FOR BoTH
E aann, | roiwrs | manx | poiwrs | tora | mawx [ rorurs | mamk  [roiwrs | vovay [maremiacs
T HAX POINTS HAX POINTS | NAXPTS MAX POINTS MAX POINTS | MAX PYS|
10 10 20 10 10 20
1 1 10 1 10 20 1 10 1 10 ac 40
2 a 2 8 5 14 6 8 7 ) 14 28
3 a ) 1 10 16 7 4 1 10 14 30
4 1 10 1 10 20 1 10 1 10 20 40
s 6 ) 7 8 14 8 4 8 2 4 20
[ s 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 8 1 10 16 aa
4-17
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This ssotion compares the candidate designs in regard to their orbiter
integration suitability.

The grading of the eight councepts ia shown on Table 4.9-1.

Table 4.9-1.

Orbiter Integration Sulitability

c HOUS I NG tAse oF EASE OF |- CRAOLE @ COMPLEXITY,

0 LAUNCH PACKAG NG rackacrig | *sraucrune PACKAGED

N ENV I ROWRENT Ty INTO & MASS CONF IGUAAT} SPARE

¢ SUITABILITY GREITER QR8I TER (g x 10°) TD DEPLOYEN | VLW

E | mam {roruts | manx | poiwrs | man | porursda mass [rorwrs | mawx T roiwrs ) sane | points] rotar

T 1 nax roinTs wax PoInTs | wax poinTs | wax rodwrs | wax potnrs | max soiwts  [wax ers
10 10 10 10 10 10 60

1 1 10 [} 5 14 10 0.9 3 3 a T [} 48

2 1 10 5 s 1] 10 J14 7] 7 s 7 4 7 47

3 8 3 4 7 1 10 |12.3 5 8 8 1 10 11

4 1 10 L] s 1 10 |10 8 3 8 7 5 4

5 1 10 1 | 10 8 8 ¢ |10 1§ 10 2 a 58

s 1 10 5 s 1 10 |16 | @ 5 7 4 7 4

7 1 10 1 10 ] 3 0 10 1 10 2 8 ha

] 1 10 s 8 1 |10 j1.4 | 7 3 7 4 7 47

NOTES:

'(D APPLICABLE 7O GENERIC PLATFORM
@ APPLICABLE TO PLATFORM SMALLER THAN GENERIC
D #ASIC UILDING BLOCK COMCEPT

A dimcussion of each of the design parameters, listed above, is as followa:

)

Houming Launch Environment Suitability

This parameter judgmentally accounta for the relative capability of the

candidats 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).

0

The rankings of this section are based on the studies and drawinga made for

Base of Packaging into Orbiter (Gemeric Platforms)

the generic platform only.

Pactors which influence the packsge are:

) Packaging ratio © oxpanded length .f o truas
stowed length

0 The shape of the truas section
o The size of the truss section
4-18
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Concepta 5 and 7 gain first dus to their high packaging ratioc.
Triengular-shaped trusass generally fit together in a circle (such as the
orbiter payload bay) better than aquare-shaped trusses. If the packaging can
be arranged sc that the building blocks fit amcrose the payload bay instead of
along the longitudinal axis, it is an advantage. This is reflected in the
rankdng of Concept 3.

] 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, ao does the differential betwsen
them, until the point is reached for ve small platforms when there ia
generally little aignificant advantage o% one concept ove:r another. It is
Judged that small platforms can probably be packaged across the width rf the
payload bay. Concepts 5 and 7 are ranked slighitly lowar because of the ne.d
for clearance around the sxpanding main hcusings.

0 Cradle Structure Delta Weight.

This quantitative assesament describes the delta weight additional to each
concept as packaged in the orbiter. The delta welght represents cradle
atructure, trunnions and, whers required, reinforcement of the housing
atructurs. No distinction is made between LEO and GEO designs at this atage
of the investigation.

o Complexity of Configuration-—Packaged to Depluyed

This evaluation addresaes the difficulty and complexity of moving the building
blocks from the packaged configuration to tho final deployed configurations.
For each concept, a count was made of the numbsr 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
ganaric platform, a certain percentage of tie volume 1s uvailable for other
purposes. The concept with the maximunm apace is awarded firat place, and the
other conc+pta are ranked accordingly. This assesesmant 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 Sectiona 4.3 through 4.9
are presented in five tablea:

) Table 4.10-1, Total of Normalized Points (LEO)

) Table 4.10-2, Total of Normalized Points (GEO}
-0 Table 4.10-3, Total of Normalized Points (LEO)-Senaitivity Trade
o  Tahle 4.10-4, Total of Normalized Points (GEO)-Sensitivity Trads
o Table 4.10-5, Summary of Points (LEO and GEO)

Table 4.10-1 (LEO) 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 maxrimum point allocations shown on this chart for
each criterion. FPFor example, for Concept 1, the total points for "Reliability
of Building-Block Deployment” (obtained from Table 4.7-1) ias 87 out of a total
possible 90 points. The 97 points shown on Table 4.10-1 is obtained by 100/90
x 87 = 96.66 or 97. The "Design Versatility” criterion includes the points
obtained from Tablea 4.3-2, 4.3-3, 4.3-4, 4.3+6 and 4.3-7, normalized in the

same manner as gshown above.

Table 4.10~-1., Total of Normalized Points (LEO}

{n (2} (3 {4} (5 {6) n
METEORDID
DE3 G THERMAL IMPACT RELI- PREDICT- ORBITER
VERSATILITY cosT STARILITY [sutvasiLiTY] asiLiTy ABILLTY  [twTeGRavion|  ToTAL
CONCERT | MAX POINTS] MAX POLNTS LMAX POINTS | MAX POINTS [MAX POINTS |MAX FOINTS | MAX POINTS |MAX POINTS
100 40 20 40 100 20 80 340
1 87/ 23 11 20 a7V 20 ¢ a8 303
2 B4y 20 12 az 01 14 a7 ] 0@
k! a0 14 0y 40 ¢ 1T 18 41 a7
4 78 34 v 12 20 88 ¢ 20 g 49 o @
5 80 40 v 11 20 a7 10 LY. I 284
8 83 22 10 40 4 o4y 20 v 48 318 @
7 84 s v 10 20 70 0 v sa / 196
8 88 Pl 10 an v 80 18 LY ais O
MOTES |
CIACLED MUNBERS INM TGTALS COLLMN DENQOTE RANKING,
/ FOR TOP 3 VALUES IN EACH CATEGORY
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The assignment of marimum paintas of 100 to "design veraatility” and
"reliability” represents the greater importance of these criteria. [he
rationale for reduced emphasis on cost is discusmed in Section 4.4. It is
important to note that this generic requirsments point allocation would be
different for a very specific mission, depending on constraints. Por example,
auppose the available orbiter length is a conetraint, or suppose subsequent
teat daty indicate meteoroid impact to be more critical than expected. Thease
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 moat 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) {8 5) 3] (n
METEORDID
DESIGN THERNAL IMPACT RELI- PREDICT- ongITER
VERSATILITY|  cosY STARILITY |suttasiLiTe| amitivy ABILITY | FNTEGRATION]  TOTAL
CONCEPT | MAX FOINTS| HAX POINTS [MAK POINTS | MAX POINTS |MAX POINTS |WAX POIMTS | HAX POINTS |RAX POINTS |
100 40 20 A0 100 a0 80 380
1 17 24 11 20 a7 v 20 ¢ 48 203
a as ¢ 20 12 1z 91 14 47 71 302 &
3 69 0/ 20 ¢ @ ¥ 17 13 41 302 @
4 78 s v 12 20 96 ¥ 20 ¢ 49 03 @
5 5 490 v 11 20 a7 10 sa v 279
] fo 4 10 10 v a4 20 ¢ 48 are @
7 75 20 10 20 70 20 se v | 371
8 a1 v 22 10 10 o a9 18 47 7 o7 @
wOTES:
CINCLED NUMBERS |W TOTALS COLUMM DENDTE NANKING,
Y FOR TOP 3 VALUES !N EACH CATEGORY

Tables 4.10-3 and 4 describe the correasponding nensitivity data derived as
described in Section 4.2. The results are aummarized in Table 4.10-5%. The
sensitivity study data, however, is not considered on au ejual basis with that

of the baseline.
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Tabla 4.10-3. Total of Normalized Polnts (LEQ)-—Ssansitivity Trade

{1 {2} n (4} {s) (6} (1
WETEOROID
(1S X1 ] THERRAL IMPACT RELI - PREDECT- 0RRi TER

WERSATILITY COST STARILITY [SUITABILITY| ABILITY ABILITY IMTEGRATI DN TOTAL
CONCEPT RMAX POINTS] MAX POINTS | MAX POINTS { MAR POINTS [MAX POINTS |MAX POINTS | MAX PGINTS |MAX POINTS

100 40 a0 40 100 a0 a0 J\o

1 5 4 n 20 23 v 0 v 44 ase

] 90 v 0 4 33 1.} 14 44 260

k] 53 B 20 ¢ 40 ¢ Tl 1% a4 243
4 70 28 v L] 20 a1 v 20 v 47 v 281 a

—— e —— —_—— —m e

5 T8 40 v 1 20 82 10 56 v 288
a 18 o a 40 v -1 Ly 43 27 ®
7 a0 v 4 v 0 20 84 0 v o8 v 274 2
8 a3 v a 0 40 v LB 19 44 273 T

WOTES:
Circled numbers in totals columns denote randk{n;..
¥ For top 3 valuem ln esch category.

Table 4.10-4. Total of Normalized Points (GEO)—Sensitivity Trade

&F} {2) (3} {0 (5} {6) n
METEORDID
DESIGN THERMAL iPACT RELI- FREDICT- ORBITER
VERSATILITY cosT STABILITY |[SUITABILITY] ABILITY MILITY INTEGRAT | OM TOTAL
COMCEFT MAX POUNTS| MAR POINTS | HAX POINTS | MAX POINTS [MAX POINTS {MAX POINTS | MAX POIMTS (Mad POINTS
100 40 20 40 100 20 80 380
1 538 ] 2 20 23 v 20 4 44 243
2 18 v [+] 4 32 1) 14 44 256
3 as 40 7 20 ¢ 40 ~ Al 15 a8 287 @
L] 89 v 18 ¢ 3 20 21 v 20 ¥ 47 4 270 o
L 68 40 ¢ 1 20 a2 10 58 « 255
8 13 4 10 4] 40 ¢ a8 v 20 v 43 275 @
7 a1 ¢ 0 20 84 Lo 56 + 221
8 88 v 4 [ 40 ¢ 83 18 44 258 @
NOTES :
Circled numbers in totals column denote ranling.
< For top 3 values in wach category.
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Table 4.10-5 summarizee the data obtained from the preceding tahles. The
number of criteria for sach concept that are within the top three is indicated.

The major result is that there is little differenco in the total pointa
obtained for the top four deaigns. iHence, the decision between these is
judgemental, but based on the knowledge gained from the details of the study
and tabulation of the selsction procesa data.

Table 4.10-5. Summary o: Points and Grading,
LEQ and GEC

LED PLATFORM GEQ PLATFORM
BASELINE SENSITIVITY |NO, OF CRITERIA WASELINE SENSITIVITY MO, OF CRITERIA
DATA DATA It T0F 3 SATA DATA N _Tor )
CONCEPY | PLACE |POINTS | PLACE |POINTS | BASE | SENS. | PIACE [POINTS | PLACE |POINTS | BASE | STW.
—
& 1 J16 3 an 3 2 2 307 4 68 ] 2
8 2 318 4 a7 k] 3 1 314 2 278 4 4
4 4 o9 1 81 3 4 3 303 3 270 3 H
T
2 3 1o 5 189 - 1 4 303 5 80 2 1
|

4.11 CONCEPT 3ELECTION

A reviaw of the selection proceas of Sections 4.1 through 4.10 and Table +,10-5
leads to the following general conclusions:

o Concept melection between the first four designs i= judgmentul, but
based on knowledge o»tained f om selection process study.

o) Specific mission rx)vicel raquiren . i+ wi: impome apecial emphaais
on particular pa. - rmters u.” "onceyt selection.

0 No clear concept choice distinction for LEO or GEO application ia
repressnted by the data.

0 The major Aiffsrence in concept sele~tion will result from extent of
payload power and data requirementa.

© No one design is beat on the basias of satiasfaction of evury
requirement - improvemen! toward one requirement rlmost always
reaults in degradation ui another requlrement.

0 The thrumt of the program for the next 4 years should be to reaolve

the major deaign & technology issues pertineant to ueployable
platform systems.
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0 The major design and technology issues are essentially the same
across the candidate designs,

o The open-square shape of Concepr 8 has best growth potential for
stilities since it can accommodate in trays up to twice the baseline
study requirements (fincreased utilities requirements typical with
program maturity).

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

o Concepts B and 6 together present the most promising combinations
of top four designs (Figure 4.11-1).

CONCEPT

®

Figure 4.11-l. Concepts 6 and 8

Subsequont to the identificaticn 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, krown as 6A, is shown in
Figure 4.]11-Z, 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 Conuap: 6A permits full accommodation of the adopted utilit’es
requirement with a 0.5-meter-wide :vay. 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. lncreased pack-
aging vfficlency is achievabl: with increased truss depth and

reduced loads,
¢ -+

b2
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The technology development of Concept €A is applicable to a

family of designs ranging from Concept 6A to Concept 6.

v ALL MEMBENRS ARE ROUND TUBES

* LONGERONS WITH CENTER HINGE JOINTS
s TELESCOPING DIAGONALY

*NO QFFSET LOADS AY JQINT

» BATTENS CROSS MACED BY TENSION STRAPS

LONGERONS ~1_|

UTR.ITY TRAY "

UTILITIES INSTALLATION

END VEW FOLDED DETAIL OF JOINT

Figure 4.11-2.
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5. DEPLOYABLLE VOLUME ENCLOSURES

This section describes several applications of deployable velumea for a
typical Space Station (Figure 5.0-1). The three apecific applications are
habitat modules, an orbit transfer vehicle (OTV) hanga-, and crew transfer
tunnels.

SPACE STATIGN
CONCEPT

HABITATS

CREW TRANSFER
TURNEL

Figure 5.0-1. Dpeplovable Volume Enclosures

Current designa for Space Station modules typically visualize rigid bodies
which are approximatcly the same size aa the orbiter payload bay. With the
advent of deployable volumes there arises the possiblity of launching much
larger modules without the problems assozimted with aessembly in apace. Thia
section examinea these posaibilities and demonstrates that in many caaes they
are more than Just poseibiiities - they are smivently feasible.

5.1 HABITAT MCDULES

5.1.1 Habitat Requirements

The requirements for the derign of the habitat module are:
0o A 1life of 10 to 20 years irn LEO.
o Compatiblity with the orbiter for tranaportation to LEO.

o Compatiblity with existing designs and concepts for manned space
atations.

5-1



o Accommodation of crew of up to 8 for 90 days + 90 days emsrgency.
o HNHormal pressurization of 14.7 psi (limit); 8 psi for an emergency.
o Provision of two separate prsassurized compartmentsa.

o Provision ~° two routes for ingress/egress.

o Automatic deployment to maximum extant feasible, EVA assist if
advantageous.

o Incorporation of all the equipment normally associated with habitat
modules, including lifs support equipment, command control center etc.

o Provision of two docldng systema.

o 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 1b/ft?).

o Adequate meteoroid protection (discusaed auhaequently).

5.1.2 Radiation/Meteoroid Shielding Review

The sultability of a potential habitat wall design concept (gratuitously
furnished by Goodyear Alrcraft 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/cc3 i3 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 assoclated probabilities of meteoroid puncture of the inner wall using
two different foam densities are shown. These data are based upon the
weteoroid model specified in Reference 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 consistent with predictions by Rockwell
researchers.

The probabilities shown indicate that with development of a leak-detection
system and repair capability, the inflatable wall design shown can be suitable
insofar as meteorold impact 1is 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 FOAM (2.5 cm THICK)
POLYURE THANE OUTER COVEK AND
STRUCTURAL roan JTHERRAL cOnT (G o1% PROBABILITY OF PUNCTURE
e X /o IN 3 DAYS

oON AVERAGE, ONE PUNCTURE

A — NN AT T R EVERY 9 MONTHS TO BE REPAIRED
v ey, SO 0,032 GW/CM3 FOAM (2,5 cm THICK)

e1% PROBABILITY OF PUNCTURE IN

27 DAYS

DETAIL WEIGHTS OF EXPANDABLE MATERIALS® oON AVERAGE, ONE PUNCTURE IN
CONSTRUCTION fga/ont) 1.5 YEARS TO BE REPAIRED

& ALUMINUM INNBR LAYER 0,002
o ADHRSIVE 0.008
< Apmgsive Do 0:008 ADDITIONAL
:mm“:%gzgﬁm LAYER :Z:i MATERIAL REQUIRED

AND ADHESIY . TO SATISFY
o DaEatvs M roax 0-008 RAGIATION REQMT,
&« QUTER OOVER AND COATING )

TOTAL

*Courtesy of Goodyear Asrospace (for Expandable Airlock Technology Experiment)

Figure 5,1-1. Habitat Radiation/Meteoroid Implications

5.1.3 Habitat Design Approach

A review of the habitat requirements and logistics associated with delivery
of habitats to LEQ resulted in the following design approach.

o The habitat module should be large as compared to conventional
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,

Degsign to accommodate equipment in its correct locations {on
the hard structure) during Shuttle launch t¢ minimize work/
rearrangement onr orbirt,

Separate the crev quarters from the equipment not in regular
use with placemunt of heavy equipment on hard structure and
crew quarters ir the deployable structure.

Divide the crew quarters into large volumes for communal use
and intec smaller private volumes.

Build radiators into the exterior of the hard structure,
Provide capability to repair inflatables from the inside.
A meteorold 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 lociing Jointe and
removal of temporary deployment mecnaniama.

5.1.4 Candidate concepta for Habitat Modules

Eight conceptas for deployable Habitat Modulea were considered (Pigure 5.1-2).
Three were salected for further study {Section 5.1.5).

o DEM.OYAME SECTIONS SHOWMN SHAQED

A

4M DIA

@ ZMZAlZ

=

Zin
M

N |
O T Ty wom I3
l._ls.moeno;;:..rr J'mwﬂ

UG 11,1M STOWED T

ooty p l L—
UL (| YT

SECTION L*lLNEDu-*J 1 @

l--nlz.zu—j—f L~ tom _‘f | ‘——:o.m _4

Figure 5.1-2. Candidate Deployable Habitat Module Concepts

Concept 1 expands axially from a central airlock/dociing port and two hard
decks on which equipment is mountad. The atowed module occcupies most of the
orbiter bay and the daployed volume is minimal. The inflatable sections are
supportad by light deployable intermal structures.

Concept 2 4is a derivative of Conrept 1 but has spherical end bulkheads.

Concept 3 has & rigid central floor which acts also a® 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 but can be larger.
They can be subdivided into wardroom, sleeping quarters, etc., as desired.

Concept . 4 conaists of a nearly "standard” rigid habitat module with an
inflatable torua attached. It has excellent capability for mounting
equipment, good radia‘or area and a large inflatable volume for crew
quarters. The arran;ement for airlocks and docking is the same as for
"atandard” rigid habitat modules.

5-4
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Concept 5 1o a "standard” rigid habitat moduls with two deployable hard
ssctions. The deployable sections can be mealed either by large internal bags
or by sealing around individual joints (or both). The volumes available for
squipment and crew quarters are excellent. This concept has ths further
advantages of all-hard structure, large radiator area, standard docking, and
no unusual atructures.

Concept 6 consists of Concept 4 with the addition of a hard deployable ashell
vhich serves as a meteoroid bumper for the habitat module and as an OTV
hanger. The systemis deployable and is packaged for a aingle launch.

Concept 7 4is a rigid module with two :nflatable sections deployed from it.
It is somawkat aimilar to Concept 4 but the dsployed volume is probably not
as uaeful.

Concept 8 im a variation of Concept 7, aa shown.

5.1.5 Preferred Concepta

The three preferred concepts are shown in Pigure 5.1-3. The drawings are
contained in Volume II. These concepts were selected for further investigation
for the following reasons;

o Representastion of a wide variety of deaigns

n A good ratio of deployed volume/estowed volume is provided

@ ATMUCTURAL SHELLS wiTH
UALIHG BAGH NIEA

ws o [} otk ovam

Figure 5.1-3, Preferred
Habitat Module Concepts
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¢ High growth potential
o Adequate hard structure for mounting equipment
o Safety { redundant volumes available)

¢ The crew quarters can be subdivided into large and small rooms as
desaired

-0 No technology development of an unusually difficult nature is required

5.1.5.1 Habitat Concapt 3

Concept 3 (Pigure 5.1-4) conaiats essentially of an inflatable shell mounted on

each side of a strongback. The strongback serves am a launch cradle,

(contains trunnionsm and keel fitting), a mounting platform for equipment, and

as a atructural support for the airlocks and docking systems.

/ﬁﬁl
\{L

o INALATABLE WITH A

STRONG RIACK
* AUTOMATIC DEPLOYMENT 4
* VOLUME STOWED 178 M°
« VOLUME DEM.OYED
LIVING 2% 4
STOWAGE vl
UNPRESSURIZED 14

PRESSURIZED 4

AlROCKS ] 12
mm | :
RADIATORS & COVERS
INFLATASLE /ﬂTONﬁutK FOR STOWED INPLATABLES

Vi

/
@ {

[

AJRLOCK

Figure 5.1-4. Habitat Module (Concept 23)
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The inflatable shells are shown as 4.5 muters diameter bLut they can be
larger. When atowed for launch, they are contained behind ccvers 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 depleyed
module forms two separate sections for safety/redundancy, with the strongback
providing a long central floor. Equipment is mounted both insids and outaide
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 (Pigure 5.1-5) ia a combination of an inflatable section and a
rigid body. When stowed, the module occupies all of the orbiter payload bay
with the aexception of space for the docking module and the OMS kit. The
module ia asupported in the psyload bay by standard trunnions and a keel
fitting and requires no separata cradle.

The rigid body is used mainly for equipment, arranged arcund a central tunnel
which runs the length of the moduls. The cutside diameter of the rigid body
in used as a radiator for the whole of the Habitat Module. The inflatable
section 18 in the form of a torus 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 speces for safety/redundancy in
the event of loss of preasure. It should be noted that there is space inside
the rigid body which can bas used in an emergency. A docking mechaniasm is
provided at one end of the module while at the other end an mirlock with a
doclidng mechanism is provided.

» INFLATABLE & HARD SHELL
o OPTICAIAL HARD METEOROID
BUMPER _

* AUTOMATIC DEPLOYMENT
» VOLUME STOWED 181 M7

"o VOLUME DEPLOYED

LIVING an
STOWAGE 78
AIRLOCK 1"
TUNNEL 12 [ 12,63M
420 M3
OPFTIONAL
“——A.M —-{ METEOROID
SHIELD
LIVING SPACE,
INFLATABLE
]
: AN N S
g ...
AIRLOCK TUNNEL RADIATOR
AREA

Figqure 5.1-5, Habitat Module (Concept 4)
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Thin module can be uaed with or without a hard meteoroid cover over the
inflatavle torum. The cover is folded and atowed around the outmide of the
collapaad torua. When the tomia inflatss, the cover unfolds and expands along
with it. Deployment of the cover is completed when the panels which form ita
ond walls are releassd and swing into position under tha influence of apringa.

The shape and aize of the torus can be choasen to suit requirements. [t can be
much larger and it does not have to be £ circular croas section. Tho shape,
as drawn, is a large circular raom (10 m diameter) with a column in the
mniddie. The column ie a porvion of the tunnel which can be used to atow
equipment for lauach. The equiprent can be subsequently moved into the torus
living space.

5+1.5.3 Habitat Concept &

When stowed, Concept 5 (Figure 5.1-6) resembles a standard habitat moduls
(1.e., a8 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 oppomita sides of the wodule and form the living volumes. They
are of excellent ahape and can be subdivided to provide separate sleeping
quarters, wardroom, working areas, etc. The whole module divides naturally
into two apaces for safety/redundancy. At each end of the module is a large
airlock and docking mechanism. 3ome of the space currently allocated for
Lirlockas can be directed to atowage of items outside of the pressurized volums.

o HARD SHELL THROLGHOUT RADIATOR AREA

* AUTOMATIC DEPLOYMENT

VOLUME STOWED  18) M3 v H
 VOLUME DCALOYED
LMNG 247
STOWAGE 78 DM
AIRLOCKS 40
65 M3 ‘

=

SCREWJACK 8.6 l
OR ASTROMAST o
A7

AR E
" %: %,:

' 2 PLACES

Figure 5.1-6. Habitat Module (Concept 5)
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The atructure is metallic, including the deployable sectiuns and the close-out
panels. The whole structure is supported in the orbiter Uy scvandard ftrunnione
and u keel fitting. Expanaion of the deployabls aections can be obtained by
either internal preasure or by meclianical means such as astromasts or
acrevjacka. Sealing betwasen the deployable and the fixed sections can he
realized either by a large internal pressure-tight bag and by sealing around
individual joints. The area of the module available for ume as a radiator is
unusually large.

The ability to carry pressure-induced loads acroas the deplo. .ble jointa is
appreciatad. These loads may be bending moments im additicn to axial loads.
EVA-installesd, moment-carrying fittings are possibly needed with this concept.

.2 TUNNWELS

No study effort was devuted to tunnels since examination of Goodyear Asroapace
Corporation accouplishmentis indicated ample work has heen done relative to
this component. The study timo was better used in relation to hangars and
habitats, for vhich no readily applicable effort im available.

5.3 OTV HANGAR

5.3.1 OTY Hangur Requirenments

There are fow really fim requiruments for an 0TV hangar beyond the obviousi:
i.a., it muat remain in space for the same duration as tha Space Station and
it is launched using the orbiter.

Previous studies have indicated the infeasibility of preasurizing the hanger.
The problems associated with opening/closing such a large pressurized volume
gre:

o Sealing the hangar

o The huge quantitles 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 alr before opening the hangar

The other hangar requirements liated are uncertain. They can be questioned:

o Does the 0TV require protection againat meteoroids? Would it be more
cost effective to eccept a small risk of 0TV damage than to build an
expensive hangar?

o If work platforms are required, is it reaso .able to build a hangar for
that purpose only: or would it be better to desizn the OTV so that
astronauts attach themselves dirsctly to its outside shell, rather
than to hangar-mounted work platforma?

However, it was necessary to establismh a basis for design studies, hence in
apite of the lack of maturity in hangar and Space Staticn definition the
following requirements were tentatively assumed:
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o The OTVH size shall be sultable for the servicing/maintenance of an
OTV. Assume an %' silze of 4.3 m diameter x 10 m long as a maximum,
and work platforn widths up to 2 meters.

o The OTVH will be unpressurized.

o The OTVH shall provide for a method of controlling the egress/ingress
and stabilization of the OTV.

o Proviaions shall be miude for the following equipment:

Work platforms

Lighting

Electric power

0TV rsplacenent items

0TV refueling

Minimum life support syatem (emergency)

00 OO0 0O

o0 The OTVH shall provide radiation and micromefteoroid protection to the
crew, OTV and equipment. (The end of the hangar pointing to earth is
not sutject to micrometeoroid bombardmont and can be laft open)

o Life in LEO for 10-20 years

9 The OTVH shall be compatible with an orbiter launch

5.3.2 OTV Hangar Deasigr Approach

There are two basic methods of designing the OTV hangar, i.e., inflatable or
hard shell. The hard shell is a more conventinnal approach, and provides a
firmer base for work platforms {reaction of astronsut loadaso Its major
problem is packaging in the orbiter and deploying from it. If the Hangar ims
to be packaged intc a small portion of the oritter instead of using the whole
of the payload bay, tha problem of deploying it bscomea even mors formidable.

While an inflatable hangar ia relatively easy to deploy, pressnt deaigns may
not provide adequate stiffness for the work platforms. There ars 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 ersctile
shell. In the ercctile ahell, a film of aluminum is added over ths inflatable
which is then pressurized to atress the aluminum past its yleld atress. After
the gas escapes the structure maintains its shape.

Regardlesn of which atructural concept is used, all of the auxiliary structure
and equipment are to be built into the assembly and deployed with it. These
items are the crew work stationa, lighting provisions, QTV ingresa/egress
provisiona, OTV stabilization provisicns, crew ingress/egress provisions, 0TV
refualing, and attachment to space station.

An mlternative to automatic deployment of the hangar is erection or, more
likely, a hybrid arrangeuent. The complications of automation must be
balanced againat the difficulties of EVA erection. If EVA erection is
considared, it is better to use a method that requires a minimum of orbiter
support.

3-~10
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5.3.3 Meteuroid Impact Analynsis

3ince one of the purposes of a nangar is to provide protection for the OTV
againat thg impact of micrometeoriods, it is pertinent to examine the
potential damage to the OTV if an OTV hangar is not present.

The critical parts of the OTV are the LH> and L0 tanks which are

contained insidec an unpressurized structural shell as ahown (Pigure 5.3-1).
Present designs (ground-based and space-based) utilize a grlphite componite
faced sandwich conatruction with a 0.035 gm/cm’ (2.2 1b/ft°) aluminum
honeycomb core. A rigid polyurethane foam core ia expected to be atructurally
adequate for a spuce-based OTV dasign and provides superior meteoroid
ahielding capability over that of the honmycomb core. The foam core dows not
have sufficient ahear and compression stiffneas to astabilizs the face sheetn
against wrinkling duriag Shuttle launch of a ground-based OTV.

SPACE-BASED DES{GN_CONSTRUCTION

= 0,020 cm
GRAPKITL
COMPOSITE

1
1o 7 cn ‘~ }r FACE SHEETS
N

F
QUTER —I HUNEYCORN CORL

CA RIGID POLY-
SHELL ——h URETHANE FOAM
ALUM, TAMK WALL

0,0%0 TO 0.10 cm

Figure 5,3-1. OTV Construction

The Rockwell Space Station studies are pursuing a2 space-based OTV which will
be returned to earth after 16 missions (6 to 18 moanths). The micrometeornid
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 1n an 18-month lifetime. This analysis 1s 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 LH; or LOp is punctured
by a micrometeoroid there will not be a catastrophic fallure. The tank wall
materials (2219-T87 or 2014-T6) are thin gauges and have a "leak before

5-11
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fallure" characteristic tnur precludes explosive decompression. More than
100 cycles of pressure are required for a crack 0.04 cm deep by 0.38 cm wide
tn pronazate to a through-crack.

The additional protection of a hangar w#wall fo-~ the OTV is illustrated in
Pigure 5.3-2. This figure also shows the cost implicatious of a hangar versus
replacement of an OTV. Clearly, the cost of a conventional hangar cannot bde
justified on the basis of meteoroid protection aloue. Only if the cost »>f
lsunching » hanger can ke drastically reduced by tight packaging in the
arbiter or by other means, dosa the project become reascnable (if meteoroid
protectior is th: only siguificant requirement).

ADD|TION OF HANGAR STRUCTURE

(WITHOUT FOAM)
HANGAR JALL 0.050 cm

5 om E.U o
1Y PROBABILITY
HETEORDYD
PARTICLES WILL
P70 2w  1orr paST INIR

oty - FACE OF H.C,
OUTER ’ l I I I OUTER SHELL
-_._

SHELL ONCE IN 10 YR
0.05 10 ¢.10 em
r—ﬁ ALUM, TANK WALL

S HANGARL ALALLY CO3T EFFECTIVE (F WETEORCID PROTECTION
13 PRIMARY JUSTIFICATIONY

' ONLY WITH RELIABLE TIGKTLY PACKAGED CONFIGURATION
LlEQUIlING 3 TO & m OF PAYLDAD BAY,

D

tosts (o)
OTV AEPLACEMENT* 24
ATV LAUNCH 48

TOTAL 73
HANGAR LAUNCH 48
HANGAR COST 10

TOTAL 58

*SPACL-SASEL DESIGH

Figure 5,3-2. OTV Mateoroid Protection/Hangar Cost

To date the studiss of the Space Station have not produced hard requirements
for an OTV hangar. However, recognizirg the pusaibility that requirements may
be developad, tho OTV hangar concept development waz continued.
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5.3.4 Candidate Concepts for OTV Hangnr

Seven OTV hangar concepts are preaented (Figure 5.3~3). The concepts may ba
clessified into three categories, i.e., deployable Hangors, rigid
nondeployable hangars, and deployabls/ersctable hangars.

The fcur deployable hangar concepts, i.e., Concepta 1, 2, 5 and 7 are
discuased below.

Concept 1 1ia a rigid ahell which packages from & shape which (s eassertially
cylindrical (8.2 m dia.) to a star shape which fita into the orbiter bay. An
ertendable trusa which ia used for ingresa/egrese of the OTV is part of the

deployable shell. The atowed hangar occupies all of the orbiter payload bay.

Concept 2 18 a rigid shell which coasists of four half cylinders stowed in
the {orm of one cylinder insiie another. It, too, occupies all of the orbitasr
payload bay when stowed.

Concept 3 is an inflatable shell which expands from a module which contains
the interface for docking to the Space Station, and the mechanism/atructure
for 0TV ingreas/egress There are various methods which may be used to hardan
or rigidize an inflatable atructure which otherwinse might be too soft for a
working interface. "he stowed hangar occupies approximately 1/4 of the

orbiter payload bLay.

@ NGID DEPLOYED 02 7)  SPAce LAUNGHED'
HANGAR * STATION W'H OTV
|
- msmomsmeti— - ~ £i- -—
) -
srow:o/‘ W CLOSE FITNNG
| 2.7M X 4.5M DI RIGID HANGAR iR
@ RIGIO DEPLOYED
HANGAR
*‘ﬁ
o Crarri:s 1@ =
AJ :
RIGID PANELS - r $ B!
14.4m 1t
STOWED , 4 s DIA E.V.A WORK STATION 1
-t

@ INRATABLE HANGAR

ﬂ :E%E E%f% -‘@_@" ) STOWED VOLUME
@ 5,20 x 4, 5M DIA

RIGID HANGAR
ROTATING #
WORK STATION AND -‘:' iy
PA){EL STOWAGE <= g n
2D ‘li ;c & ACE
' 6M x 4.5M DIA l__,
“GI’?A:E,G"&?YED -ﬁ-m—-L—

Figure 5.%-3., OTV Hangar Concepts
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Concept 7 1is similar to Concept 1 except that it hasm a double fold (i.e.,
longitudinal as well ss lateral) which enablea it to occupy only a short
length of thu orbiter paylcad bay. (This concept is, asubsequently, discuased
in greater detail.)

Concept 4 im a rigid nondeployable hangar in the shape of a clap-shvll which
fits clomsely around the OTV. The OTV is launci .d in the orbiter inaide the
bangar, and exits from the hangar by means of an extending trusa. Normal
servicing/fueling of the OTV is performed through the aft end of the Space
Station which is docked to the OTV. Access to other areas of the OTV is by

doors and foot holds strategically located in ths shell of the Hangar.

Concept 5 is a deployable/erectable system buili out of the orbiter. A
deployable section with an interface for the Space Station is raised
incrementally by an extendable truas wnich also rotates about its major axis.
There is an EVA astronaut work station in the orbiter tey with storage for &
number of rigid panels which are attached manually to build up the hangar as

it rotates and rajises.

Concept 6 is similar to Concept 5 sxcept that the hangar is constructed
from the Space 3tation inatead of from the orbiter. For both Concepts 5 and
6, it ia estimated that approximatsly :/3 of the orbiter bay is used for

atowage.

None of theae concepts represents design that Aockwell favors. In an
additional study effort superior configurations can be developed. Howsver, to
provide further understanding of the deaign problems to be sncountered, three
of the foregoing conceptes are discussad 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 laterally
for stowage. When folded it occuples all of the orbiter rayload bay. The
cperational sequence is:

o Use the RM3 to remove the hangar frem the orbiter
¢ Attach to the Space Station using the docking interface

¢ Unfold the panals of the main structure uaing the actuators built into
the hargar

o The working platforms on the insido wall of the hangsr may be deployed
either by springa or by actuators

The extendable/retractable astromast is used for ingresa/egress of the o7V,
for which purpoase it is equipped with a docking me-hanism tu interface with
the 0TV. Lighting power outlets and similar items may *a puilt “nto the wall
of the hangar.
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* HARD STRUCTURE, NO INFLATABRLES
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& QCCUPIES ALL OF THE PAYLOAD BAY

ﬂ STOWED
DEPLCYING

Figure §.3-4. OTV Hangar (Concept 1)

Although the basic deploymrnt is automatic, it is quite possibls that EVA
astronauts could profitably be used to lock the wall panels together for
increased atructural integrity, to inatall equipment, spares, etc.

5.%.4.2 Hangar Concept 6

Thia concept {Figure 5.3-5) useas EVA astronauts to erect the hangar walla
around a deployable basa. When stowed in the orbiter, approximately 6.0
meters of the paylosd bay is umed. The stowed package conaiats of a
deployable bame or hub and cradle. The deployable base contains a docking
interface for the Space Station, an astromast with a docking interface at its
frees end. deployable "umbrella type" riba, and a hub struoture. The cradle
contains 40 separate panels which form the nain structure of the hangar, a
docking mechanism to interface with the sstromast, a mechanism to dispense the
panels as required during the hangar erection, and work stationa/foot
reatraints, ste., suitable for EVA aatronauts.

The deployment sequence is as follows:

o Remova the two units from the orbiter using the RMS {the two units are
coupled together by the astromest and temporary fasteners)

o Attach the hub end of the hangar to the Space Station.

o Automatically deploy the umbrella ribs.
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Figure 5.3-5. OTV Hangar (Concept 6)

-0 EVA astronsuts begin to remove panels from the cradle and form the
hangar structure. The ranels 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 snable the EVA astronauts to attach successive panels

© The crudle ie removed and returnad to the orbiter (alternatively it
may remain with the Space Station and be used for logistics stowage).

There are many methods which may be used for joining the pansls together asuch
as spring loaded "cliclk-in" joints, hand-held power tcols 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

5-16
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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 nY\L >

o HARD STRUCTURE,

NO INFLATABLES

¢ AUTOMATIC DEPLOYMENT - al .
« DOUMLE FOLD ‘

L
STOWED ’-‘*‘—"
o5

DEPLOYED

8. 38M

Figure 5.3-6, OTV Hangar (Concept 7)

The seacond fold is a series o€ celescoping mections of the main hangar wall.
Extension of the telescoping nectiona can be accomplished by a serias of stem
actuators at sach panel to provide a pushing action, or by the use of the
astromast (with a suitable attachment) to draw out the telescuping sections.

It is recognized that the double folding of such a large volume poses
formidable problema, and that much inveatigation remaina to be done before
such a system could be rated as reasonably feasible.

5.4 MAJOR DESIGN ISSUES

The major deaign 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 0TV replacement versus the cost of a hangar.

Habitata
o Means for installation of equipment in inflatabie 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 suitability in space environment for 10 to
20 vears and compatibility with crew (non-flammability, non-toxic)

o Provision of radiation shielding for crew protection

o For hard metallic shells, the capability to sustain pressure-
induced loads across deployable joints

0TV Hangars

o Requirements favoring thv 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 0TV possible replacement vs, the cost of hangar develop-
ment and launch

o Rligidity of inflatable OTV hangars relative to crew EVA imposed
loads

5.% POTENTIAL TECHNOLOGY DE7ELOPMENT 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 Aerospace Corporation,
that some of these items have been addressed by Goodyear to varlous stages

of completion but to different requirements {(in general, for smaller volumes,
reduced pressures, shorter lifetimes). The time devuted to this activity

did not permit a screening of the applicability and status of these needs,
but this should be done 1ipn future studies.

o Habkitats Utildizing Inflatables

- Assurance of no serious propagation of meteoroid
puncture hole size

~ Repair of pressure containing wall
- Micrometeorold puncture resistance

~ Material suitability to crew and 10 to 20 years expocure
in space environment

- Maintainence of structural rigidity despite loss of
pregsure
o PFabitats Using Metallic Structures

-~ None applicable at this time



o 0TV 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 deployabla vnluney zie
evident from the foregoing discussions:

0 Application to habitats appears attractive—large useful
volumes achievable,

0 Metsllic structures (can be sealed) provide ample meteoroid
radiation protection and equipment mounting surfaces, but
are constrained by pressure loads/packaging requirements.

¢ Metalllc structures may require subsequent EVA for moment-
carrying capability to withstand pressure.

o Inflatables alone are not sufficient-—hard structure required
for mounting of conscles, orbiter and space station integra-
tion, heat rejection.

o Inflatables in conjunction with rigid core module provide
varlety of feasible large volume desigais, provided:
~ Materials are suitable to crew safety/space environment

- Foam micrometeoroid stopping power is comparable to existing
data

~ Repalr of puncture or use of meteorold bumper is feasible
-~ Additional 0.24 grma/cc2 for protection to crewman eyes
13 provided

o Hangar requirements are ill-defined—OTV metenroid 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 1s adequate).
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