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The objectives of this study are to expand and concept;tdiy define the large space structures 

technology development missions to be performed on an eariy manned space station and determine the 

, resources needed and the design impiications to  an early spzce ststion to carry out these large space 

structures technology development missions. Emphasis i s  'being placed on more detail in mission designs 

and space station resowcc requirements. 



Phase 11 Program Objectives 
m!!##NS 

Expand and refine TDM's 

Determine design implications to an early space station 



$PILII%IPY APPWOArn 

The study is being conducted in the five primary tasks specified in the statement fo work. In Task 

1 we selected lor further stud; three LSS missions to be accomplished on an early space station and 

determined the development activities and tests which will lead to these space station missions. The 

conceptual design of the ESS missions through trade studies, operations analysis, and development of 

design details occurs in Task 2. Space station resource requirements will be defined in Task 3. Task 4 

determined the degree to which current space station concepts can accommodate ESS missions. 

Programmatic analysis of Task 5 will develop technology development mission (TDM) plans and 

scheduk and perform cost trades. 



- Study Approach 

Task 3.0 - Space Station Resources Reqgired 

Task 4.0 - Initial Space Station Capability 
. . 

Task 5.0- - Programmatic Analysis 



STUDY SCHEDULE 

The detailed study schedule which identifies study milestones, tasks, study reviews and docurnen- 

tation outputs is shown on the facing page. The schedule will be  the yardstick against which study 

progress will be measured. 

This is the second of three formal interim reviews to be held at MSFC at approximately four 

month intervals. 

Because of reduced funding available, the scope of the effort in Subtask 3.2 was reduced and 

Subtasks 3.5 and 4.2 were eliminated. 
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This chart lists the Tasks and Subtasb which will be discussed in the midterm review. The 

definition of potential TDM development activities was completed. 

The TOMS have been conceptually defined through design, operations and cost trade studies and 

detailed design has been initiated. Operations analysis of the TDMs is well underway with the updating 

of the functional flows and timelines. Space Station resource requirements, both physical and 

operatianal, foe large space structures construction are being defined. 



Task 1.8 - Mimion Selleetiom 
Subtask 1.2 - Development Activities 

Task - Mission Definition 
Subtask 2.1 - Design Trade Studies 
Subtask 2 2  - Operations Analysis and Trade Studies 
~kbtask 2 3  - Mission Design 

Task 3.0 - Space Station R.esonrces Re~uired 
Subtask 3,1 - Space Station Ilksign 

@ Subtask 3.2 - Space Station Operations 
Subtask 3.1 - Special Equipment or Problems 

Task 5.0 - Pronrammatic Analysis 
Subtask 5 2  - Cost Analysis and T~ades 



ISS-l consists of a deployable truss platform attzc.ri?d to P t ~ m s f e r  tunnel locztsd a: a 

dockinglberthing port on a space station modute. It would bcco :ie c: pcrr~kanent Space Station failijity 

foJlowing its use as a TDM. Compartments installed within t ie truss z,z!;.:bees provide storage fsr srnzii 

items suctt as Pools, hold down mechanisms, auxiliary lights, ?rc. Segments 09 The plaiiorm e i J i  have 

floor panels installed to provide storage areas for small rnodulas. A lightweight, pro"_c:%ve hsngsr is 

designed to protect EVA astronauts while performing such tzk5  as OTV set vic j ng and r;mali sate1 lite 

refurbishment. 

LSS-3 is a large parabolic antenna system which will riemwtstratc sevrzra! :;ilssi~n cbisciiui:~. To 

provide matximum benefit, it is envisioned as a complete anter:*s sjrstem u.:i.iId~ ~ 2 2  m mcd to hdvance 

Earth sensing technology. The antenna is a version of the rn::rLwave radi~:rrs*er 'kiccc-rait (MRS: and, 

although a higher orbit would be more desirable, could demons:; ~ i t e  the test-indog;e~ i t c c ~ s ; r y  Zrmr e,;r:h 

sensing objectives. This structure could also serve as a Zestbed for :irf_i-=.er:t retlector 3rd str iare 

control ideas and various microwave sensing techniques. 

LSS-4 is a precision optical system which will be assembled using ~e;=i:;enfed ~ I I P I  31-5 ~ ~ s + r t ~ - b  by 

a high-stiffness precision truss structure. This optical system could be o ~ e r z t r r l  ti~iaa spste sratic-r. 

power while attached to a gimbal system to provide inertial pointing or a ,+ ffrez-fl.~er I1 a r-untr~! 

systern/power/data handling module i s  attached. 





The three P~hnelogy 5eevlopmen~ missions {T'I?:~ilSsj c-krrentijj defiaed wiif. dernonstrzie the cbilit;. 

to construct laege space struc.tt:l-~r or. zn rarly r;;.a:-c s~arinfi. Precursor deveIopmenrs arc required to 

advance the necessary ~ c c ~ T ~ . G ~ o ~ : J  arid o~c- t a r i c~n~1  prc?.'edt-!rts rzq~i~ed ic r  orr-orbit assembty or 

construction. These prei i r r -  -,r act: qllies l ~ i b  uivc the riesisrt, mnsrifacttrre and test oi strut turat 

components for the TZMs 2nd t k  de;relo~rr.~rrt d?rzilod p i ~ ~ ~ d t i r ~ , ~  for their construction In space. 

Several arenas car! he  :;~ed t o  prr for?: t!;~ff !au~b~r?r : : t  ?pis: ground tests in the  !atsorato! y, neutral 

buoyancy tests in a wa?.;.-r tank a d  I?-qzce i--*r-j u.;i.lg tee Space Sh;~ttle. 
, 

Sumrnariecd oi? the following ihrr ;  ?ages ;re zandidzr~ development acrivities for egch TDM .. 
whici; worrjd provide a logical progression 3f  i ~ ~ t l ~ ! ~ g f  dselcpmerti for ihe or;-vbit cons?ructis:; of 

large space structuies. 
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- Development Activities - 
ESS-3 : Passive Microwave Radiometer 
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Development Activities 
U S 4  : Precision Optical System 
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Three options for the deployable platform truss are shown in this chart. The tetrahedral truss 

consists of a repeating pattern of pyramids whose base is triangular in shape. me repeating pattern for 

' the pentahedral truss is also a pyramid, but with a square base. The hexahedral truss is made up of a 

series of cubes. 



Design Tradi! US-1. l a  
LSS-1 Construction/S torage/Hangar Facility 

HrndP##C 

- FBQBYAWY SURFACE MEMBER' 
QeL-w- 5E:BPBBIARV SURFACE MEMBER 

ENTEB$URFAC% MEMBER 

.TETRAHEDRAL TRUSS PENTAHEDRAL T R U q  

HEXAHEDRAL TRUS 



Design Trade LSS- %.la 
Truss Configuration 

This table summarizes quantitative and qualitative results of the trade study which contributed to 

the selection of the pentahedral truss for LSS-I. Although its flexural rigidity is the lowest, its light 

weight and small number of members and joints give i t  a slight preference in the quantitative 

categories. The triangular repeating pattern of the tetrahedral truss cause it to  be unacceptable for 

the desired shape of the platform. The cubic repeating pattern of the hexahedral truss requires shear 

diagonals in each of the square faces and therefore impair the accessibility to  the volume inside the 

truss. I t s  complexity is also judged to be high for the same reasoning. The pentahedral truss was 

therefore selected for LSS-I, 



Design Trade LSS-1 . la 
Truss Configuration 

TRADE ITEMS TETRAHEDRAL PENTAEEDRAL ' HEXAHEDRAL 
TRUSS TRUSS TRUSS 

FLEXURAL WOGODOTY. D [M-N) 

FREQUENCY PARAMETER. @ 
NUMBER OF ELEMENTS PEW M~ 

NUMBER OF CLUSTER 90DbBTS PER hI2 b6 6 7  -63 

NUMBER OF KNEE JQOMTS PER '9.66 1-44 1-62 

OTHER CORBSilDERAf IONS: 
I 

SHAPE OF REPEATONG PATTERN TRIANGLE SQUARE SQUARE 

COMPLEXITY LOW MEOUUM HIGH 



Design Tmde LSS-P.llb 

Tms Configuration 

The choice between a planar configuration and a llwingebl configuration is primarily based on 

qualitative reasoning, Although the planar configuration i s  somewhat simpler and provides a large fiat 

surface, the storage of modules or equipment on its surface may impair its ability to support 

construction of large space structures unless the construction fixture was high enough so that stored 

items were out of the way. The .winged configuration reduces this problem by providing a raised 

attachment point for ESS construction projects. This configuration also has higher overall stiffness and 

provides a variety of attachment opportunities. 



Design Trade. LSS-1.1 

PLANAR 

SOIVIPLE, NO ARTOCULATiON 
e LARGE PILAMAR SURFACE 
s STOWAGE MAY INTERFERE 

WITH LSS CONSIJWUCT00PI 

'* HOQHEW STIFFNESS 
WIDER WAROETY OF AITACHMENTS 
ONDEPENDENT STORAGE AND 
CONSTRUCTION LOCATlONS 



Design Trade ILSS-1.3 

Space Station hterdace 

The options identified for the attachment of LSS-1 ta the Space Station include three methods of 

berthing port attachment and one for attachment to  a Space Station module. The latter is t h e  

preferred method of attachment since the platform loads induced by disturbances such as orbiter 

docking a re  distributed t o  many attachment points. This method also results in higher stiffness. 

Attaching to two or more berthing ports helps t o  distribute the loads. Singte berthing port attachment 

schemes result in the highest loads unless additional bracing is provided. 

Since t h e  Space Station is in its design infancy, we wilI continue to develop the center mounted 

concept with auxiliary bracing as required. This design could easily be modified to the preferred 

modular attachment concept at a lat ter  date. 



Design Trade LSS- 1.3 
Space Station Interface ' 

ATTACHMENT 



Design Tmde LSS-3. % 

Reflector Support Structure 

Three reflector support structure concepts are shown in this chart. The dng made of trapezoidal 

elements is essentidly a circular box beam 18 meters deep and 136 meters in diameter, The 

pentahedral ring truss is 103 meters in diameter, 18 meters deep and has a triangular cross-section. 

The tetrahedral truss is a parabolic shaped truss whose maximum dimension i s  115 meters- Its depth is 

a function of the length of its members and was varied in the course of the  study. 



Design Trade LSS3.1 
US-3 Passive Microwave Radiometer 

mm!S1!Me 

TWAPEZOODAL ELEMENT$ TETRAHEDRAL TRUSS 

PENTAHEDRAL ELEMEMS 



Design Track &SS-3. lt 
Reflector Support Structure 

This table summarizes the results of t he  trade study. Under t he  assumption that the  tetrahedral 

trnss is a deployable concept, the length and diameter of the members was varied to arrive at a baseline 

configuration. Packaging dimensions and the  requirement for  a sufficiently large number of "hard 

points1' far proper reflector control led t o  the 12 ring baseline configuration. The resulting weight and 

compIexity (no. of elements and joints) quickly eliminated i t  f tom further consideration. 

The two ring configurations a r e  comparable in mass, stiffness and complexity. The pentahedral 

truss is smaller in overall diameter since t h e  reflector can be attached at the outside diameter while it 

must be attached to the inside diameter of the box ring truss. The biggest advantage of the pentahedral 

truss, however, is in the  ease of construction, I t  is' significantly easier to construct a pyramid truss 

module (after fixing its base) than I t  is t o  construct a cubic module. The tip of the  pyramid aligns itself 

while shear ties must be added and adjusted to stabilize and align a cube, For this reason, t he  

pentahedral ring truss is selected for LSS-3. 



Design Trade LSS-3.1 
Reflector Support Structure . 

TRADE OTEMS 

MASS (KG) 

LFIFFNES (IS8 MODE FREQ, HZ] 

NUMBER OF ELEMENTS 

NUMBER 0% JOINTS 

OTHER CONSIDERATIONS 

EASE OF CONSTRUGTOON 

BOX WING PENTAHEDRAL 
TRUSS RING 

TETRAHEDRAL 
TRUSS 

COMPLEX 

CHOSEN a 



Design Trade LSS-3.2 

Truss Member End Joints 

This chart shows the end joint concepts evaluated for the ring truss elements. Truss assembly 

requires the use of "side entry" joints for both assembly and for potential replacement of members. 

Although this selection of joints is a very small sampling of proposed truss joint concepts, it represents 

several classes of joints which can be compared and evaluated. 



' Design Trade LSS3.2 
Truss Member End Joints 

QRG SMAP-JOBNT UNlOhe 

MI% CLUSTER SLIPdCBINf 

I 

I 

BAC BALL AM0 SOCKET VBUGMF BaUICK-CQNNECT COUPLER 



Design Trade ESS-3.2 

TRUSS Member End Joints 

This chart lists some of the characteristics of each joint type which led to the  selection of, the  

ball and socket joint for LSS-3. Any of these joints could be used in this application, however the 

properties of the ball and socket joint which cause it to be selected are its ability to  eliminate all joint 

'%lopq', its tolerance to slight strut misalignment for initial latching, and its potential for being 

manufactured from low CTE (coefficient of thermal expansion) materials: invar or graphitefepoxy. 

The ball ends of the struts also eliminate the necessity to index the strut torsionally before latching. 

The biggest deterrent is the necessity for a tool (wrench) to lock the joint. 



Design Trade LSS-3 -2 
Truss Member End Joinnts 

BrnE##G 

- Side-latchhg joint 
Complex and accurate machining required to minimize joint "slop" 

. Accurate strut alignment required for latching 
Opposite ends to strut must be accurately aligned 

Quster slip joint 
Side-Patching joint 
Accurate sdmt alignment required for latching 
High machining tolerances required tb minimize joint LbsPop" 
Opposite ends of strut must be accurately aligned 

Side - or end - lathing joint 
Good joint '%slop9' accommodation 

Q Opposite ends of strut must be accurs tely aligned 
Ball and socket . .- + Chosen 

Side-latching joint I 

~ccurate strut alignment not required for initial latching 
Joint "slop" eliminated by locking nut (extra oper~tidh) 
Alignment of opposite ends of strut not required :. 
CabPe attachment integrated with cluster fitting 



To achieve high packaging density, the use of nestable s t r u c l  is proposed for the truss members. 

The center joint which joins the halves is the subject of this trade study. The two concepts shown are 

the interlocking joint which consists of interlocking fingers on each half of the strut and the ring clamps 

joint similar to those c~mrnonly used in the  aerospace industry to join cylindrical structures. 



Design Trade US-313 



Design Trade US-3.3 

Trum Member Cmter Joints 

Itemized on this chart are the positive and negative points of each center joint concept. The 

interlocking joint is operationally simpler since there are no extra parts required. It does, however ' 

require proper alignment and an axial force to latch. The manufactuking process is fairly complex and 

requires accurate machining to assure proper f i t  and minimum joint slop. Although the ring clamp is an 

extra part to contend with, the  manufacturing simplicity, off-the-shelf technology, self-aligning 

ability, joint slop elimination and ease of disassembly make it our choice for LSS-3. 



Design Trade LSS-3.3 
k&\ Tmss Member Center Joint 

High precision machining required 
Torsional indexing required prior to latching 
Axial force required for latching 
Disassembly difficult - 

No extra parts required 
Automated latching possible 

@ng clamp - Chosen 

High precision machining not required 
Off-the-shelf technology 
Easily disassembled ' 

No axial force required for latching 
Ring c l m p  is separate part 
Torsional indexing not required 
Automated latching difficult 



Three types of masts were considered for this trade study: the coilable longeron (Astromast-type) 

deployable rnast, a cabile-stiffened rnast (consisting of a structural central tube, which carries axial 

loads, and outrigger cables which provide increased bending stiffness), and a deployable mast with 

folding iongerons (the one shown is a typical example of many similar configurations). 



Design Trade -LSSw3 .4 
Feed Array Supports 



This table gives a quantitative and qualitative comparison of the three types of masts shown on 

the previous chart. ' The Astromast-type mast has high packaging efficiency, but is the heaviest of the 

three and has,the lowest bending frequency. The cable stiffened mast i s  somewhat less complex than 

the other two but has poor packaging efficiency since it consists of seven hinged sections which fold 

into a 11.5 meter long bundle after the cable spreaders are folded along the central tube. I t s  bending 

stiffness depends upon the cable parameters and spreader length. The folding fongeron mast 

(Graphite/Epoxy) is the lightest weight, has good frequency characteristics and is efficiently packaged, 

This type of mast will, therefore, be  used for the feed array supports. 



Design Trade LSS-3 
3 Feed Array Supports 

TRADE [TEM 

MAS, KG 

BENDING FREQUENCY (PIMPON), HZ 

PACKAGIMG EF FBCUENCY 

COMBLEXDTY 

TENS1 ON- FOLDING 
STWFENEBP LONGERON 

ASTROMAST W AST MAST 

HIGH LOW HUGH 



Design 'Bkade LSS-33 

Feed Away T m s  Bern 

The three types of deployable truss beams considered for the feed array truss beam are shown in 

this chart. There are several variations of each type reported in the literature, but these three generic 

t y p e s  were evaluated in this trade study. 



Design Trade LSS3.5 

mmm'zrye 

7 DELTA / 



Design f rade LSS-3.5 

Feed Array Tmss Beam 

This chart  compares the characteristics of the three deployable truss beam types. Mathematical 

expressions were derived for the  unit weight and the stiffness-to-weight ratio in terms of dirnensionai 

parameters, material properties and member cross sectional areas. Although the fiex truss beam is t he  

heaviest, i t  has the highest stiffness-to-weight ratio (a measure of its bending frequency). Its square 

modular shape also provides good accommodation for the  feed horn assemblies, while t h e  triangular 

cross-section of t h e  other two truss beams would eequire the  feed assemblies to be mounted externally. 

This causes the  mass to be offset from t h e  efastic axis of t h e  beam and would result in undesirable 

lateral/torsional coupling. Therefore the  hex truss beam was selected foe this application. 



Design Trade LSS3 ;5 
Feed Array Truss Beam 

C BrU!zLZAI@ 

CHOSEN 

PENTA - - DELTA 

0 
H E M  - 

NUMBE%OF ELEMENTS PER BAY 
W/O DBAQONALS 
Wf DIAGONALS {I) 

WUEUGWF/UN0'6 LENGTH 
W/O DIAGONALS 
WU/ DIAGONALS 

FEED HORN ASSEMBLY ACCOMMODATION 



Design Trade ESS-4.1 

Mirror Support TPYSS 

This chart shows three candidate construction techniques for the precision optical system rnieror 

support truss, The assembiable concept relies on in-space assembly while the deployable concept 

requires on-Earth assembly and checkout with little human intervention on-orbit, The modular concept 

combines these two methods by high precision manufacture of the mirror support frame with mirrors 

attached on the ground, The backin truss is semi-deployable for efficient packaging in the Orbiter. 

Each module is then assernbled at the space station and connected t o  the adjacent module to form the 

mirror array. 



- Design Trade LSS-4.1 

DEPLOYABLE - 



Design Trade LSS-&. I 

Mirror Support Truss 

This table  shows t h e  results of dynamic analyses and weight comparisons for t h e  th ree  trusses. 

Although t h e  mass of t h e  trusses are nearly identical the  f irst  mode frequency of t h e  modular truss 

concept (with mirror mass included) is somewhat lower than t h e  other two. This is caused by the fact 

t h a t  each module is connected t o  i t s  adjacent module at three  points. Since much of t h e  assembly and 

adjustment work for  t h e  modular concept is accomplished on t h e  ground, t h e  amount of assembly t i m e  

on-orbit is Iow, and the as-built accuracy is judged to be higher than t h e  other  concepts. The results of 

the asemblable vs. deployable vs, modular cost  trade (reported in more detail later)  a r e  also 

summarized in this chart. This shows tha t  t h e  modular concept is the best choice for LSS-4. 



Design Trade LSS4.1 

TRADE ITEM 
ASSEMBLABLE 

TRUSS 

PRIMARY FREQUENCY (TRUSS + MIRRORS) (Hz) 15.0 

TRUSS M A S  [Kg! 159.0 

EVA ASSEMBLY TIME (TRUSS + MIRRORS) HIGH 

ACClaRAClr (AS ASSEMBLED) 

JOINT REQUDREMENTS 

cosa owosassr ($MI 

SIDE LATCH 
SELF ALRGMING 

*'ZERO SLOP 

CHOSEN Q 
DEPLOYABLE MODULAR 

TRUSS TRUSS 

MEDIUM HIGH 

* DEPLOYABLE SOME DEPLOYABLE 
(AUTO] (MANUAL) 
LOCK-ABLE SELF ALIGNING 

ZERO SLOP 



Design Trade LSS-4.2 

Mirror Site  

The size of t h e  segmented mirrors on t h e  precision optical system were determined by both mirror 

manufacturing technology and cost. Large mirrors a r e  more  difficult to manufacture, but t h e  smaller 

mirrors will require more position control mechanisms which will add to t h e  to ta l  cost. 

Based on t h e  design goal of 15 t o  25 kg/m2 for lightweight mirrors, large (4.0rn) diameter mirrors 

would be t o o  fragile t o  withstand t h e  boost environment and may not retain their  proper shape. A 

report on mirror technology applicable to t h e  Large Deployable Reflector (LDRI* concludes tha t  the  

"optimal s ize  for t h e  reflector panels is between 1.5 to 2.0 meterst1. Therefore t h e  1.5 meter  mirrors 

will be used for LSS-4. 

*ref: M. #rim and-3. Russo, NASA CR 166493, LDR Segmented Mirror Technology Assessment Study, 

Perkin-Elmer Corp., March 1983, 



CHOSEN 0 

a ". , . ,OPTOMAL SIZE FOR THE W EFLECTOR 
PANELS IS BETWEEN 1.5 AND 2.0 METERSCa 
PEWKIN-ELMER COW PORATION 

DESIGN GOAL OF 15-25 KGIM~ ATTAIN- 
ABLE 

LIGHT WEIGHT MURROS THUS SIZE ARE . 
TOQ FRAQlLE 

MAY ~ O T  MAlFlTAUN PROPER SHAPE 

MISTAKES ARE TOO COSTLY 

Q FEWER MANUFACTURING PROBLEMS 



Design Trade LSS-6.3 

!kcondary Mirror Supports md Light Shidd 

Two candidate secondary mirror support concepts ate shown in this chart. One significant factor 

which contributed to the decision is the support system stiffness. The secondary mirror must retain 

accurate alignment with respect to the  primary mirror. The original ESS-4 concept supports the  

secondary mirror by a truss ring supported by six extendable masts. These masts also support the light 

shield panels. A tripod structure i s  used to support the secondary mirror in the strawman LDR concept, 

and the light shield is separate from the tripod supports. 



Design Trade LSS-4.3 
Secondary Mirror Supports and Light Shield 



Secondary Mirror Supports and Light Shidd 

The tripod support for the secondary mirror was selected for LSS-4 beczuse of its increased 

stiffness and reduced weight. Ttla separate light shield -also was chosen because it  is structurally 

uncoupled from the secondary mirror. Disturbances which may affect the light shield will not be 

transmitted directly to the secondary mirror. 



Design Trade LSS4.3 
Secondary Mirror Supports and Light Shield 

m - 

Original LSS4 confbration 
a Parallel mirror supporis require x-braces for stability 

High mechanical complexity 
Light shield attached to secondary mirror supports 
Light shield should extend bey'ond seccindary mirror 

Stsawman - LDR configuration - Chosen 
Stiff tripod secondary mirror support 
Light shield is uncoupled from mirror 
Reduced structural weight 



Detail Design of TDMS 

The design, operations and cost trades have identified the design concepts which are being 

designed in detail. Detail design of each of the three TDMs has been initiated. Work has concentrated 

on the passive microwave radiometer (LSS-3). I t  is approximately 8076 complete.'. Layout drawings of 

some of the major components of the other two TDMs have been completed. 



Detailed Design of TDM's 

meE4krtS 

LSS1: Construc tion/storage/l~angar facility 
2 layoo t drawings (deployable truss) 
Desig:~ 5% complete 

LSS-3: Passive microwave radiometer 
16 drawings 
Design 80% complete 

LSS-4: Precision optical system 
2 layout drawing (modular truss) 
Desigp 5% complete 



Cost Trade Configurations 

DEPLOYABLE 



Cost Trade Study Results Assemblable V r  Deployable 

Vs. Modular Structural 

The costs associdted with the development, transportation and on-orbit assembly for each of the 

three concepts are compared in this chart. The deveiopment costs are nearly equal. The cost of the 

mirrors is not included in the total cost of the system. However, mirror costs do influence system 

integration costs, therefore, are included for that calculation. The high packaging efficiency of the 

assemb!able concept results in the lowest transportation charges. Transportation charges for the other 

two concepts are nearly equal. The Iargest differences in cost  between the three concepts comes from 

the charges associated with on-orbit construction. The modular concept requires significantly less 

assembly since the structure is modularized and the mirrors are integrated with the  structure on the 

ground. These results were a major contributor to the decision to use the modular concept for LSS-4. 



LSW PRIMARY MIRROR SUPPORT TRUSS 

Cost Trade Study Results 

m''&/IYG 

DEVELOPMENT COST* 

**a**.. ....... ....... TRANSFCDRTATION ....... K=!l CHARGES 
SPACE STATION 
CHARGES 

ASEMBLABLE DEPLOYABLE MODULAR 



M%SSION BPERATiONS TRADES 

LSS CONSTRUCTION SCHEDULE 

With t h e  anticipated exposure t o  specific EVA construction tasks on a day-after day basis, sh i f ts  

that  seem to be suitable at the beginning of a LSS mission may become long a f t e r  a period of several  

weeks or months. The duration of the shifts should be limited t o  a figure t h a t  will preclude the 

development of task-specific fatigue or  boredom, with a resulting decrement in performance. 

The operators will need to maintain a fairly high level of alertness in case an emergency arises 

tha t  requires thei r  maximum capabilities. 

Day t o  day long duration usage of the space station EVA suit with any problems (i.e. pressure 

points, roughness) would become intolerable. With longer shifts, minor problems could turn into major 

irr i tants or even a health hazard, causing major decrements in operator performance. 

Three operators per shift  will be required, full time, during LSS constructian activities. The 

ability to operate more than 1 shift per day will be dependent on the space station crew size and other  

scheduled space station activities. Two o r  th ree  shift operation could result in conflicts in t h e  use of 

facilities and high noise levels while &her crew members are trying to sleep. 

In earth bound shift  work, it has been found t h a t  an impairment in performance occurs during the 

night shift. Performance has been found to  he slower, less accurate, and accidents a r e  likely to be 

more frequent. 

Operators a r e  accustomed t o  working five days a week with short bursts of six c;r seven day 

activity. Requiring this type of schedule on a sustained basis will result in fatigue and a loss of 

efficiency. 



Mission Operations Trades 
LSS Construction Schedule 

rnrnSHNG 

4,@, 48 or 10 hourslshift 
Suit comfort 
High efficiency ' 

Safety 
@,2,  or 3 shiftslday 

a. Dependent on crew size, number of suits 
a Sleep/rest cycle 

~liminate's multi-purpose facility cqnflicts 
Eases adaptation and task scheduling problems 

@ , 6  or 7 dayslweek 
Normal earth work schedule 
0 ther duties 

t 

Independent research 



MBS%IQIM OPERAIIONS TRADES 

CONSTRUCTION EOCA?[IOM 

LSS construction requires a large stable volume or area which will not interfere with space station 

appendages such as solar arrays and will not compromise the  ability o! the  orbiter to dock with the  

station. 

The piatforrn needs to be large enough to handle construction of TDM LSS-3 microwave! 

radiometer. This also includes t h e  requirement of space for storage of tools, components, and 

equipment required for the  construction tasks. The platform will have to be adaptable to a variety of 

LSS construction projects and be able to support other space station missions and experiments. I t  will 

also need to provide access to space station utilities needed for LSS TDM construction such as power, 

lighting9 remote TV, communications and data lines. 

The Docking/Berthing port option would only be adequate for a limited number of ESS TDM's. The 

limited construction and storage space would make construction of even moderate s i t 4  large space 

structures impossible. 



Mission Operations Trades 
Construction Location 

Space station platform 
Large stable construction area 
Ample storage for cornponents/tools 
Potential site for space station RMS/Cherry picker 
Adaptable to a variety of construction projects 
Space station supplies utilities (power, lighting, communications 
data) 
Potential high drag, sl~adowing, interference 

Docking/berthing port 
Adequate for a limited class of LSS (i. e. deployable) 
Limited storage area for cornponents/tools 
Space station supplies utilities 
Limited construction area 
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MISSION OPERATIONS TRADES 

CONSTRUCTEON LOCATlON 

The use of special construction fixtures li.e, piers, truss beams, etc.) would also be inadequate for 

the  construction of large space structures. 

The linear work area would require a lot of operator translation during construction activities and 

the size of the work area would limit the size of the LSS TDMs that could be constructed. 

The free f.lyer canstruction platform woulc! need t o  provide power, oxygen etc. for construction 

activities, Solar arrays, fuel  cells, or batteries would need to be provided for power. 

The use of a co-orbiting platform for LSS construction would require the use of the shuttle vehicle 

or the design and construction of a special vehicle to carry the workers, tools, components, and 

equipment back and forth between the t w o  work sites. 

Astronaut safety is of prime importance and provision of a safe haven or rescue vehicle on the co- 

orbiting platform in case of medical emergencies, injuries or other difficulties would be necessary. 

The use of a tethered LSS construction platform could cause flight dynamics problems for the 

space station. The reaction of the tethered platform and the space station if the tether broke would 

also be of concern. 

Transfer of t he  crew, tools, components, and equipment from the space station t o  the tethered 

platform would be difficdt. 

Astronaut safety during a medical emergency, injury or other difficulty and transportation back t o  

the space station would be a difficulty. 



Mission Operations Trade (Continued) 
Construction Lsca tion 

P mumflmii 

, special construction fixtures (piers. truss beams. etc.)' 
Adequate for s limited class of LSS 
storage area for components/tools 
Space station supplies utilities 
Potential site for space station RMSICherrypicker 

Free Flyer 
MU& supply own power and other utilities 
Transport of crew/tools/components difficult 
Crew safety 
Separate attitude control required . ; - 

Tether 
Dynamic interaction with space station 
Crew, equipment transfer difficult 
Crew safety 
Utilities through Tether or self-supplied? 
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Mission Operatioras Trades 

Constmctiorn Method 

Of the three assembly methods chosen, deployment takes the feast operator invoIvement but incurs high engineering and 

manufacturing costs. Manual assembly of large space structures is labor intensive, driving the on-orbit costs up while not 

reducing engineering costs significantly. Prefabrication and assembly of modules can minimize on-orbit assembly costs, 

however transportation size, weight and packaging must be considered. A11 three method of construction are being planned 

for use during the LSS TDMs as each has distinct advantages* 



Mission Operations Trades 

* 

Prefabricate (modules) - Chosen 
* LSS-4 truss and mirrors 
* Rapid assembly 

Moderate EVA required 
Deploy Chosen 

* LSS-1 platform 
Expensive design and fabrication 
Minirnbm EVA required 
Fastest assembly 

Assemble - Chosen 
LSS-3 truss 

a Maximurn EVA 
a Minimum design and fabrication .. costs 
a Longest assembly time 



MISSION OPERATIONS TRADB 

TOOLS AND SMALL EQUIPMENT RESTRAINTS 

Restraints need t o  be provided that  will aid in the optimization of operator efficiency during the 

LSS TDM construction tasks. 

The use of tethers provides a positive restraint for the  tools and equipment the operator needs 

during his EVA tasks. If several items are tethered t o  the same location, operator movement will tend 

t o  tangle the tethers and make re'srieval of individual items difficult. During translation or while 

moving his arms, items tethered to his wrists will tend t o  swing and could damage other equipment or 

the EVA suit. 

Velcro is easy t o  attach to most tools and surfaces including the EVA suit. This provides versatile 

attach points in the work area. Tools can inadvertently get attachbed to  unlikely spots and multiple 

tools can ge t  attached t o  the  same spot so that  it would be hard to grasp individual items. Tools or 

equipment could accidentally get brushed off or get hooked on something, come loose and drift away. 

During usage, velcro hooks break off. These particles and outgassing of the adhesive could cause 

contamination problems. 

The use of nets over tool boxes or boxes of loose items will provide adequate restraint and 

f a d i t a t e  construction activities. Slits in the net would reduce the problems of removing and replacing 

items in the boxes. 

Clips used t o  restrain tools, co~nponents, and equipment during shipping will also be used t o  hold 

these items during construction tasks. 
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Mission Operations Trade 
Took and Small Equipment Restraint 

r m"#IffG 
- 

- chosen 
Posi the restraint at a11 times 
Easily available 
Tethers from separate items can become tangled 
Items tend to bang around when operator-moves 

Velcro - Chosen 
Easy to attach tools and equipment to suit or Fork-'area 

- 1 Easy to add attach points 
Degrades with age and usage 
Tools and equipment can come loose 

Net - 
Positive restraint for loose items 

1 Chosen 

Difficult to remove afid replace tools and equipment 
Clips - Chosen 

Positive restraint of specific tools and equipment 
Hard to grasp and remove tools and equipment 
Good for shipping restraint 

~ last ic  
Not adequate for restrpint 



MESIBN OPERATIONS TRADE 

EVA RE!5TRAINTS (PERSONNEL] 

The space station EVA operators need adequate restraints t o  enable them t o  maintain their  

position, counteract  torque, and aid in translation while accomplishing LSS TDFA assembly, deployment, 

and operation. Currently on STS missions, in addition to t h e  t e the rs  used, the EVA operators hang on 

with one hand or try t o  wedge themselves into position with their feet. 

Tethers are simple and fairly inexpensive but do not provide rigid a t tachment  t o  aid in t h e  

application of torque. Tethers also tend Po flop around and could be a hazard if they get tangled in 

equipment. 

Enclosing work areas with ne t s  would b e  inexpensive but wouid require deployment for each task 

on large structuiyes and would not  provide aid for t h e  application of torque. I t  would stop loose tools 

from drifting off but, with no other restraint, would require lots of t ime chasing loose tools. They could 

be deployed on large space structures. They may tend to get tangled up when trying to deploy or store. 

Operators may get tangled in ne t  depending on mesh size. They would need t o  be  stowed in a storage 

a rea  when not  in use. 

The use of lots of velcro c rea tes  a problem in t h a t  if there is a lot on the  suit t h e  crewmembers 

would g e t  inadvertently secured when bumping into t h e  matching velcro. 

Shoe restraints are fairly expensive and complex. They would require some type of mating 

gridwork at all assembly locations. They need an emergency breakaway provision in case they hangup. 

However they would provide one of the best methods of counteracting torque. A problem in t h e  use of 

foot  restraints iz t h a t  EVA astronauts cannot see their  f e e t  t o  position thern into foo t  restraints. 



Mission 0 yera tions Trades 
EVA Restraints (Persoonel) 

IOUHIffG 

- Chosen 
Positive restraint L 

Allows large reach and vision envelopes 
a Limited torque capability 

Haid to niaintain specific work position 
Net - 

Large volume enclosed by a net eliminates need for safety 
restraint 
Could get stuck in mesh 
Must use other method to maintain specific work position 

Vekr a, 

Easy to engage 
Operator's motion loosens 
Degrades with age and usage 

Foot restraints 
Needed to counteract large torques 

* Positive positioning t task site 
* Limited reach and !si m .envelopes 
a Difficult to get into 
m Limited portability unless attached to RMS or movable platform 

- Chosen 



MISSION OPERATIONS TRADES 

EVA MOBlLPTY 

The ability to translate long distances between work locations rapidly and being able t o  transfer 

tools equipment and assemblies quickly and accurately will have a large impact on LSS TDM's assembly 

timelines. 

Manual translation for the  long distances required d o n g  with the requirement of moving 

equipment will be tiring and t ime  consuming. 

The use of the RMS with a manrated work platform will speed up movement of personnel and 

equipment within the RMS reach envelope. 

?he MMU will provide flexibility and speed in movement of personnel and equipment. The bulk of 

the MMU will restrict t h e  operator from working in close quarters. Additional t ime  will be required for 

fueling and checkout of t h e  MMU system. 



Mission Operations Trades 
EVA Mobility 

mIIm/IVc 

TDRrl.239 - Chosen 
Good far short distances 
Minimum profile for small spaces 
Requires safety line 
Increases opera tor workload 

MMU 
Good for long translations 
Bulky, limits access 
Hard to counteract torque 
Donning and checkout time 

RMS with platform 
Provides mobile tbrquing platform 
Rapid translation over short distances 
Lirnited.access t o  work areas 
Limited to reach of RMS 

Manned OMV 
Not applicable for space station LSS construction activities 



*CQNSTWUCTiON ON THE SPACE STATION 

ASSEMBLY 

DEPLOYMENT 

MODULAR 

* *LSS - 1 AND LSS - 2 COMBINED 

229.33 

I 91.98 

169.63 

5F.33 

47-95 

42.41 

286.66 

239.73 

232.04 

859.98 

719~18 

636.12 

4?J8 

39.96 

3534 



Space Station Design Requirements 
6 BUSIN& 

Large throat clearances 
Construction platform or attachment provisions 

i Air Bock near construction area 
RMS capability 

Fixed (good) 
Mobile (better) 
Tracked (best) 

Capability to mount md operate other experiments 



large Space Structures Impact on 

Space Station Configurations 

This chart demonstrates the neeed to  allow sufficient area for construction of the LSS TDMs without interference with the  

solar arrays or other spare station appendages. The construction area must also be oriented so that drag of  both the 

platform and the construction project is minimized. 





Space Station Operaticns 

During this phase of the study the space station operation analysis is being updated to reflect operations trades and TDM 

design alterations. Scheduling of space station personnel, facilities and activities will be of prime important to minimize 

conflicts in aU phases of space station operations. LSS testing (accuracy, dynamic response and thermal Jetormation 

measurements) rnust be conducted in an environment where the only disturbance is that which is required in the test. 

Therefore,-some space station operations, (i.e. thruster firings, docking, etc.) must be curtailed during LSS testing. 



Space Station Operations , 

A 

li m.m!!ziH!c 

No orbital ndjustnnents allowed during LSS testing 
3 crew menn~bers required during LSS construction 
Sclledulilig of space station 

Cornmunica tions (intercomm) 
TV (remote) 
Data handling 
Date processing 

Scl~edulin~g of o dher ex per imen ts 
RMS operations 
Platform access 
Facilities (briefing areas, computers, data links, 
communications, etc.) 
Zero-G requirements 

Scheduling of: 
~hutt le  docking 
OMV and OTV operations 



Special Problems 

The construct ion of large space  s t ruc tu re s  a t t ached  to  t h e  space  station may cause  some concerns due  t o  additional mass, 
I 

increased moments of inert ia ,  increased orbital drag, and in t e r f ace  with communications. In addition, make-up a i r  will need 

to  be provided during the construct ion phase of each TDM due to  air lock losses. Contamination around the s t a t ion  will also 

increase due to t h e  additional a i r  loss, TDM composi te  mater ia l s  outgassing, adhesive outgassing etc. The flexibility of LSS 

construct ion projects  must a lso  b e  considered so t h a t  undesirable interact ion with space  s ta t ion  stabi l i ty and control c a n  be 

prevented. 



Special Problems 

Mass properties 

Structural dynamics 

a Drag 

Shadowing 

a Airlock air loss 

a ~dntamination 



Dynamics of large Space Structures 

During the construction of large space structures on the space station, care must be exercised PG 

assure that structural dynamics do not impair the stability and/or controllability of the space station. 

This chart shows the results of a NASTRAN analysis of the LSS-3 truss ring during its assembiy. W i t h  

the ring attached to the space statiori at the four points indicated, it has the lowest natural frequency 

just before the last structural members are installed (frequency = 0.08 Hz). Upon completion, the first - 
mode frequency increases to 0.26 Hz. Installation of the reflector surface and feed system will again 

tend t o  reduce the frequency. Analysis of those effects is currently underway. 



Dynamics of .Large Space Structures 
m ! ! ! # ! ! &  

TDM.245 

95% COMPLETE 1009L COMPLETE 



Real Time Space Station Simulation 

As an IR&D task, a demonstration model of a Boeing space station concept has been implemented 

on t h e  Evans dc Sutherland iE&S) CT5 CIG system installed at t h e  Renton Flight Simulation Center  

IRFSC), The intent was t o  provide a vehicle to help assess the feasibility of t h e  CT5 as  a space stat ion 

design tool. 

The photo gives an idea as to what is possible with t h e  CT5. The real horsepower of t h e  system 

lies in its ability t o  realistically simulate a dynamic visual environment. An artists conception is a 

snapshot in t ime  of an  idea. The real t i m e  capability of the CT5 adds t h e  dimensions of time, motion, 

and dynamic lighting and color effects t o  concept portrayal. 

Visual representatian of certain non-visual parameters is possible through the  use of semi- 

t ransparent surfaces o r  strings of light points. Sweep areas of solar arrays  and thermal radiators could 

be shown. Docking corridors could be displayed to assess clearances or regions of marginal visibility. 

. . Maximum reaches of t he  remote manipuIator could also be shotvn. 

A Iirnited amount of structures deployment could be represented, such as  telescoping trussworks 

and perhaps unfolding solar arrays. 

Structures buildup and assembly could be shown. 





EVA MAKEUP A M  

In reviewing the  LSS TDM construction tasks it  was determined that airlock usage during EVA 

would create an extra burden on the space station. 

Analysis indicates that, on the average, the airlock will be cycled twice for each construction day. 

Hamilton Standard data indicates that each airlock cycle Iases 1.3 pounds of air. In addition to this air 

loss, 1.5 pounds of tankage is required for every 1, pound of air delivered to the space statior.. The table 

indicates the makeup air required for each LSS TDM. 



* ASUMES 2 CYCLES PEW CONSTRUCTLON DAY 

** TANKA& IS 1.5 LB PER a be  OF AIR 



Special Equipment 

The proposed technology development rnissions require common tools  and equipment 'which will be  pa r t  of t h e  space station's 

equipment list. This equipment could include test equipment such as laser  measurement  systems, dynamic excitat ion,  

response 'measuring and analyzing equipment and thermal measurement  and analysis equipment. Da ta  obtained f rom these 

test would he processed by the space s ta t ions  computer  and t ransmi t ted  to t h e  grotind via t he  space  s ta t ion  cornrnunicatians 

link. Common positioning fixtures, hoId-down equipment and construct ion tools could a lso  be used for severai construct ion 

projects. 

This c h a r t  lists t h e  special equipment envisioned to  remain on the space station for use during LSS construct ion projects. 



Special Equipment 

r Support fixtures 
Storage facility 
Construction fi tures 
MisceHanesus constraints and ksld-downs 
SIC orientation fixture 
Articulated holding fur ture (laser measurements) 
Strut alignment and assembly fixture 

Instrumen tation1 
Structural dynamics (acceleration, strain, loads, etc.) 
Thermal response (thermocouples) 
Positionldeflection (precision laser ranging, corner reflectors) 

r 

a Data systems . 

Recording 
* Storage &Retrieval 

Manipulation (EDP) 
Transmissioli (uplink and downlink) 

a Small tools 
Maintenance 
Construction 



Space Station Concept 

This chart shows a phot~graph of a mode1 of a Boeing space station raft concept. This model is 

being used to investigate space station and IS5 TDM build-up sequences, interference problems, 

shadowing, shuttle docking, and experiment mounting and pointing, location of platforms, clearance 

envelopes, RMS mounting concepts, etc. 





US-l Platform 

This sequence shows the LSS-1 TDM platform located on the raft configuration space station. A 

docking/berthing port mounted RMS is also shown. This starts to give us an indication of the size and 

area required for the LSS TDMs* 





Platform and LSS-3 Construction Fixture 

The LSS-3 construction fixtutc extends the platform envelope and illustrates the construction 

base required for this TDM. 





B Section of LSS-3 Truss 

With only one section of the LSS-3 truss completed, interference with other space station 

operations is at a minimum. 





113 of Truss Ring Assembled 

The growing size of the truss ring starts to indicate the interference problems that the  completed 

microwave radiometer will cause. Structural dynamics of the construction project may start to become 

significant at this point. 





Truss Ring Completed 

This photograph gives the  first indication of the size of the LSS-3 microwave radiometer in 

relation to the space station modules and the  shuttle. Mass properties and structural dynamic e f f e c t s  

must be accounted for. 





Tmss Ring With Feed Truss and Supports 

The length and size of tne feed supports and feed truss are indicated in this picture. This gives a 

feeling for t h ~  operator and equipment rranslation distances required during the .feed truss mounting 

sequence. 





Reflective Mesh Instaltd 

Attaching the reflective mesh dramatically increases t h e  visual size of the microwave radiometer 

as well as increasing the weight and drag. This photo also graphicz1Iy shows the potentiaI shadowing 

problem and the possible influence on other operations in the vicinity of the  space station, 




