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I NTRODUCT ION 

Star t ing i n  the mid-l98O's, platforms i n  low-earth o r b i t  w i l l  provide h igh ly  

benef ic ia l  and adaptable accommodations for a great var ie ty  o f  science and 

applications payloads. 

This document contains the resu l ts  o f  a one-year Phase A concept study o f  

such a plat form (attached t o  a Power System) conducted f o r  NASA/Marshall 

Space F l i g h t  Center by the McDonnell Douglas Astronautics Company - Huntington 

Beach . 

The plat form configuration conceived i n  t h i s  study consists o f  a two-part 

evolut ion as shown i n  Figure A. The F i r s t  wder  Platform consists o f  minor 

appendages t o  the Power System for improved payload viewing, whereas the 

Second Order Platform i s  designed t o  accomnodate more and larger  payloads. 

The plat form design philosophy i s  as follows: 

0 Provide a highly-modular system fo r :  

- low cost i n i t i a l  u t i 1  i t a t i o n  w i th  extended-duration Spacelab payloads. 

- conservative escalat ion of mission capabi l i ty .  

- f l e x i b l e  adaptation t o  the great var ie ty  of payload sizes, groups, 

and orb i  t s  being planned . 
0 Maximize payload in tegrat ion simp1 i c i t y  and f l e x i b i l i t y  o f  Platform use. 

0 Optimize d iv is ion  of labor between platforms, Power System, and payloads. 

Such a long duration, multipayload, f ree- f l ight  Platform w i l l  not only be 

benef ic ia l  t o  many payloads, but. also t o  cer ta in  overloaded mission support 

elements such as data re lay sa te l l i t es .  

elements o f  the Platform System. 
1 

Figure B i l l u s t r a t e s  the modular 



Figure A Evolutionary Platform Concept 

I Second Order I 

Figure B Platform Parts Catalog 
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Payloads which w i l l  par t i cu la r ly  benef i t  from platform f1 i gh t  include 

the f o l  1 owing : 

Payloads which have s imi lar  o r b i t  a l t i t ude  and inc l ina t ion  requirements. 

Payloads whose budgets preclude investment i n  dedicate. rne%-flyers. 

Payloads which have pr,viously flown on Spaceicib pa l le ts  f o r  short 

durations i n  the Shutt le so r t i e  mode and desire lodg :,]ration f l i g h t ,  

a more benign environment than Shuttles and minimal trzns; cion f o r  

pay?oads and t h e i r  or ig ina l  pa l l e t  ins ta l la t ion .  

Payloads whose f l i g h t  durations are i n  a range o f  a few months t o  a few 

years, o r  those requir ing periodic earth return, on-orbit  modification, 

maintenance o r  replenishment; wherein, costs o f  dedicatei spacecraft 

and mu1 ti-rendezvous Shuttle services would be prohib i t ive f o r  solo-flown 

pay1 oads . 
Payloads which when grouped f o r  maximum synergism are o f  s ign i f i can t  

size and consti tute a mult i-Shutt le del ivery operation and thus, require 

a centra ized o r b i t  rendezvous, assembly, and resource f a c i l i t y .  

I n  general, the P l a t f o r m  provides ecirnomy f o r  the payloads comnunity by 

v i r tue o f  (1) the -entral ized provision o f  resources, (2) long-term a v a i l a b i l i t y  

as a " rental"  f a c i l i t y  f o r  long- o r  short-term users, and (3)  a single orb!tal 

address f o r  Shuttle t o  support a number o f  payloads as opposed to  the mult ip le 

rendezvous prospects of separate spacecraft per payload. 

Although the Platform has a broad spectrum of potent ia l  u t i l i za t i on ,  i t  i s  

not generally conceived as a vehicle for  those paylodds which have extremely 

unique orb i ts  or  payloads which would have o r  create untenable interfaces 

with the Platform by v i r tue oc physical o r  operating features o r  sens i t i v i t ies .  
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This Phase A study followed and capital ized on an extensive Pre-Phase A 

study by NASA in-house a t  MSFC, and also paral le led a major por t ion o f  a 

TR# study o f  plattorm payload prospects. 

The overal l  objectives and flow of the study covered i n  t h i s  document are 

shown i n  Figures C and D; the l a t t e r  expanded i n  a detai led task f low i n  

Appendix A a t  the end o f  t h i s  document. 

The overal l  -onclusions o f  the study are as follows: 

0 The platform configuration shown i n  Figure A can e f fec t i ve ly  support 

f r o m  80435% o f  the NASA/OSS and OSTA payloads planned f o r  the mid-to- 

la te  eighties f r o m  a performance standpoint (ear l ie r  NASA p r o g r a m t i c s  

analyses indicated considerable cost benefits f o r  payloads w i th  the 

platform mode versus dedicated free-flyers f o r  each payload). 

0 The modularity shape and size of the reconmtended platform concept of fers:  

- a low-inves'ment, ear ly capabi l i ty  option t o  demonstrate system 

performance. 

- f l e x i b i l i t y  f o r  conservative growth as needs o r  funds permit. 

- adaptabi l i ty i n  configuration arrangement t o  a great var iety o f  

mu1 t i -d iscipl ine,  dedicated discipl ine, o r  appl icat ion modes. 

- good dispersion and viewing freedom for payloads up t o  12 meters 

i n  length. 

e The subsystem approaches recommended are based on a log ica l  and cost- 

ef fect ive d is t r ibut ion of labor among payloads, Platform, and the 

Power System. 

0 A1 though most candidate payload definit ions/requiremnts are current ly 

sketchy, the great niimber c 

by the recommended platform concept 

concept. 

d ivers i ty  of payloads (50-60) accomnodated 

+,e d sound basis f o r  the 



Develop Concept for a Long bwatlon Fme-Fllght Platform 

Effectlwe Accommodations for a B m d  Variety of 
Payloads 
flexibility for Dedicated or Multi-Discipline Payload 
Omups Which Have L a m  Differentws In Site and 
Schedule 
Capabilities That Extend and Complement Those of 
the Po#rer System 
Routine, Dedicated Use of Orbiter for belivery, Revlslt 
and Exchange 

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

in Low Earth Orbit to Provlde: 

Figure C Study Objectives 

1 morarruttq con me m t o a k u  

Figure D Study Task Flow 
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The T-bar and cruciform configurations inherent i n  the reconmended 

Platform, w i th  ro tary  j o i n t s  on each leg, provide very good viewing, 

separation, dnd loading features for  payloads. 

Deployable structures o f fe r  stowage compaction advantages f o r  long arms 

but s t ructura l  modeling for analysis and development tes t ing  i s  required. 

Stab i l i za t ion  of 1.5 arc seconds can probably be achieved with an 

instrument po int ing system for  payloads w i t h  p l a t f e r n  s t ructure selected. 

The impacts o f  t rans i t i on  of Spacelab s o r t i e  payloads t o  plat form f l i g h t  

can be kept t o  a minimum. 

Shutt le RMS support of platform deployment and load!ng requires a 

special berthing arm for the extended span reaches involved o r  RMS 

re1 oca t i on. 

The reference Power System used i n  the study f u l f i l  s most Platform/ 

payload requirements but numerous minor changes are required. 

The study raised many design and operational issues which require more 

deta i led analysis i n  the future t o  be t te r  address (1) the emerging i n t e r -  

face d e f i n i t i o n  needs o f  the recent ly - in i t ia ted  Phase 6 Power System 

study.and (2 )  the accomnodation needs of representative mission scenarios, 

recent ly out l ined i n  the companion TRW study. 

From a payload standpoint, thererore, the prospects of f ly ing on f i r s t  and second 

order versions of a Platform, offer a beneficial progression o f  o r b i t a l  accomno- 

dations a f t e r  Spacelab f l igh ts ,  as indicated i n  Figure E. This escalat ing 

capabi l i ty  provides an effect ive combination of a minimal impact, major improve- 

ment i n  payload accomdat ions, long-duration unmanned f l i g h t ,  increasin.. 

separation of payloads, provis ion of man for act ivat ion,  loading and servicing, 

centralized, extensive resources , and peI-iodic, single-destination use o f  

Shuttle, a l l  shared economically and used a t  w i l l  on a ren ta l  basis by many 

d i f f e ren t  users through the years. 
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The remainder o f  th is  document (Volume I1 o f  111) i s  divided into sections 

corresponding o f  the f i r s t  eight o f  the nine tasks i n  the stutf;). The ninth 

task i s  covered i n  a separate volume ( I I I )  ent i t led  "Programatlcs, Costs 

and Schedules". An Executive Sumnary of the study i s  also published i n  a 

separate volume (1). 

a* 

Soparatloo 
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0 1 x 16% 

Figure L Progression of Payload Accomnodations 
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Section 1 
PAY LOAD ACCOb?4OOAT IONS 

(Task 1) 

1 .l PAYLOAD REQUIREPIENTS 

Individual payload requirenents for the Platform are documented i n  references 

1-1 through 1-5, as provided by the NASA off ices o f  Ci*ace Science and Appli- 

cations. Figure 1.1-1 i l l us t ra tes  the t o t a l  payload data base as i t  was 

computerized i n  our study, including Materials Processing Payloads (R-01 

through R-04) from reference 1-3. Significant data base updates were made 

twice during the study, based on new information provided by NASA. Although 

requirements data w i l l  continue t o  change and improve for some time t o  come, 

as payload concepts become actual designs, the broad envelopes uf  requirements 

created i n  th i s  study consti tute a good representation o f  the payloads o f  the 

l a t e  1980's and thus, a good basis for  platform conceptualization. 
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Figure 1 . l - 1  SASP Payload Data Base 
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To simpl i fy requirements analyses these data were put i n t o  computer format 

for the MCAUTO-CONFIRM program which i s  a Conversational F i l e  Information 

Retrieval and Management System. Data subsequently presented i n  Section 1.3 

were developed using the CONFIREO computer capabi l i ty .  Figure 1.1-la 

i l l us t ra tes  the vast differences i n  character of typ ica l  p lat form payload 

candidates. 

Figure 1 . l - l a  Typical Platform Payloads 

1.2 PROGRAN OPTIONS 

Since program-level mission considerations were ca l led f o r  by the Statement o f  

Work, a range of program options were i n i t i a l l y  investigated, as shown i n  

Figure 1.2-1. 

reviews. 

ments for platform sizes for  three se ts  of 2, 3 ,  and 4 pa l le ts  each. 

Following the F i r ; t  Q u J r t C r l y  Krictity, the requirements e f fo r t  was redirected 

I n i t i a l  report ing on Program Option 6 was provided a t  the ear ly  

Figures 1.2-2 and 1.2-3 i l l u s t r a t e  preliminary payload power require- 
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toward def in i t ion of requirement envelopes only, i n  l i e u  o f  continuing the 

e f f o r t  on representative program option sets. 

PROGRAM 
OPT IONS PLATFORM LOCATIONS 

A 

B PLATFORMS AT 28 5' 57' 12) AND 

PlATFORMS AT 28.5' AVO 00' (BASELINE 
CASE IN MDAUOSP STUDY) 

(UStD AS EXAMPLE IN THIS SECTION) 

PLATFORMS AT 28. So, S7'. 70°, AND @ 
PLATFORMS AT 28.5'* 579 700, AND 906, 
AND SUN SYNCHRONOUS 
PLATFORMS AS NELDFD PER USER GROUP 

PLATFORMS AS NEEDED FOR USERS WIH 
COMMON V I E W I NG I NTE RESTS 

C 

0 

E 

F 

CRITICAL AREAS 

I DFNTlM PAYLOADS 
CLEARLY UNSUIIED 
TO PL4lFORNI 

OMLOP COMPATIBl€ 
PAYLOAD GROUPS FOR 
EACH PROGRAM 
OPTION 

NUMBER OF P A U R S I  
PAYLOADS PER 
PIATFORM 

Figure 1.2-1 Program/Platform Orbi t/Quanti ty  Options 

Figure 1.2-2 Platform Power \Is Platform Site  
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2 0 -  

10 - 

t 

Figure 1.2-3 Platform Power Vs Platform Size 

1.3 PAYLOAD REQUIREMENT ENVELOPES 

Payload parameters contained i n  the NASA Data Base Reports, were ordered 

computerized and analyzed t o  generate requirement envelopes as seen i n  

Figures 1.3-1 and 1.3-2, Average Power-Viewing Payload. 

Material PrcJcessing and L i f e  Science payloads (non-viewing) from the deter- 

minations; however, examples o f  power requirements f o r  these payloads are 

shown i n  Figure 1.3-3a. Manned versions o f  those two payloads involve a manned 

access module w i th  requirements as indicated i n  Figure 1.3-3b. The payload 

power data incorporated 500 watts of power for  Instrument Point ing Systems, 

as required t o  meet accuracy and s tab i l  i t y  requirements. These payload power 

requirements were assumed t o  include any necessary computer, input/output and 

support electronic power. This assumption was found t o  be incorrect  and an 

increment of 707 watts was added to  re f lec t  avionics requirements and higher 

IPS consumption. S i m i l a r  requireme envelopes were prepared f o r  the following: 

These charts exclude 
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Pofnttng accuracy 

Pointing s t a b i l i t y  

Peak power 

Data rates 

Contamination 

Payload mass 

Payload size 

Payload ava i lab i l i ty  

Payload minimum licetime (desired) 

All Viewing Payloads 

4.6kW 25kW 
100 
90 - 80 t 

10 

0 
10 . 100 1,000 10,000 100.000 

Average Power (Watts) 

Charts presented l a t e r  f n  

appropriate section. 

See Figures 1.3-3c, 1.3-3d, 1.3-3e, 

and 1.3-3f, respectively. 

Solar Terrestrial Payloads 

100 

90 

10 

0 
100 1.000 10,000 100,000 

Average Power (watts) 

Figure 1.3-1 Average Power - Viewing Payloads 
(Includes IPS Power for Stabi l izat ion 60.5') 
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0 loo r*m 1o.m 

Average Power (Watts) 

Figure 1.3-2 Average Power - Viewing Payloads (Continued) 
(Includes I P S  Power for  Stabi l izat ion &0,5") 
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REQUIREMEN IS AND CHARACTERISTICS 
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SERVES AS A STORAGE UNIT FOR ATMOSPHERIC GASES AND OTHER SUPPLIES AND 
BPEh’DABLES REEDED FOR LABORATORY OPFRATION 

Figure 1.3-3b Manned Access Support Module 
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I n  addition, payload inc l ina t ion  and a l t i tudes rang% were p lo t ted (Figures 

1.3-39 and 1.3-4a) t o  determine o r b i t  capture over normal ranges. Each chart 

includes a cbpture percentage as a function of a l t i t ude  o r  inc l inat ion.  This 

determination was made using thi: data p lo t ted from references 1-2, 1-3, and 

1-4. The ranges were obtained from the minimum, maximum, and desired values 

as contained i n  the referenced payload requirements. The a l t i t ude  preference 

peaks a t  400 km while inc l ina t ion  preferences peak a t  28.5' wi th  lesser 

preferences seen a t  70, 90, and 56 degrees. Simi lar  resul ts were observed f o r  

p lo ts  of desired payload a l t i tudes and incl inat ions.  

- I 

- 
1 I I I I 

The foregoing types of datd were used t o  establ ish requirement bounds and 

t o  develop rat ionales for systemlsubsystem sizing. For example, cross-arm 

standoff from the Power System and docking por t  separations distances were 
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established from analysis o f  maximum payload dimensions. This analysis i s  

covered i n  Section 2.0, Configuration Drivers (Task 2.0). I n  addition, 

many interfaces between the Shutt le and the Platform create configuration 

shaping requirments. A hepiction o f  these i s  given i n  Figure 1.3-4b. 

Figure 1.3-4b Shuttle Interface Requirements 
. I  

1.4 EVOLUTIONARY CONFIGUWTION CONCEPTS 

The Science and Applications Space Platform (SASP) may begin i t s  support r o l e  

d i rec t l y  as a minimal augmentation t o  the Power System. This lowest cost 

option would then evolve as mission requirements dictate. Such a low cost 

s t a r t  t o  accomnodate three payloads i s  i l l u s t r a t e d  i n  Figure 1.4-la. Payload 

Berthing System a m  should be attached t o  the X and - +Y docking ports on the 

Power System t o  assure viewing freedom and physical separation from nearby 
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equipment. Each arm should have a 0" 5 2. ' ro ta t i on  about the ports center l i n e  

*\us a 90" hinge action which allows or ien ta t ion  along the center l i n e  or a t  

90" t o  the center l ine.  Figure 1.4-la also l i s t s  systemlsubsystem capab i l i t i es  

needed f o r  such a f i r s t  order configuration. Next, as shown i n  Figure 1.4-lb, 

the f a s t  growing size o f  payloads i n  the la te l980 's  c a l l s  for a la rge r  Platform 

o f  the type shown i n  Figure 1.4-2. 

0 BO' H I W  

Figure 1.4-la First-Order Platform 
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Figure 1.4-lb Growth i n  Viewing Payloads and Accomdations 

Figure 1.4-2 Second Order F l a t f o r m  
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Capabil i t ies o f  an extended second order platform f o r  more payloads i s  sumnarized 

i n  Figure 1.4-3a and Figure 1.4-3b shows addit ional configurations o f  various 

modular assemblage, f o r  d i f f e r i ng  anticipated mission needs. The modular 

approach t o  platfarm growth i s  sumnarired i n  Figure 1.4-4 which s h w  the 

hardware elenents involved i n  the f i r s t ,  second, and extended second order 

platforms, each ;rroo: essively acconmodating greater numbers and sizes o f  

payloads. The standoff structure, support module, plus l e f t  and r i g h t  cross- 

arm structures, are shown as the f i r s t  growth steps t o  accormodate more and 

large payloads. 

arm extensions plus a t r a i l  arm k i t  for even greater payload support capabil i ty. 

Continued, i . e . ,  non-dead-ended use of the F i r s t  Order Payload Berthing System 

Subsequent growth involves addi t ion o f  l e f t  and r i g h t  cross- 

~ r m s  i s  shown fo r  each configuration. 

20 

Figure 1.4-3a Extended Second Order Platform 
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1.5 PAYLOAD ACCOMMODATION EXAMPLES 

Many general accomdat ion assessmentswere made ear ly  i n  the study and f i n a l l y  

two TRW mission cases were studied i n  deta i l .  Payload scenarios presented i n  

the second TRW Quarterly Review, reference 1-6, were examined t o  determine 

sample accommodation f e a s i b i l i t y  of our Platform concept. Cases were addressed 

for both F i r s t  and Second Order Platforms. 

1.5.1 F i r s t  Order Platform Accomnodation of TRW Sample Mission 

Figure 1.5.1-1 represents F l igh t  Scenario I and th i s  schedule was examined t o  

determine F i r s t  Order Platform accommodation. D i f f i c u l t y  i s  encountered f i r s t  

i n  the 4th quarter of 1985, when a t o t a l  o f  seven payloads are scheduled a t  

once. 

there i s  no room t o  dock the two free-f lying payloads (CRM and SPP-2). Thus, 

With a maximum o f  four payload docking positions (+X, - +Y, and +Z),  

i f  these two payloads are t o  f ly  a t  the same time, they must be launched and 

retr ieved by the Orbiter. EO-1 assumed t o  be mounted on the solar array wing 

boxes; however, there i s  some question whether the required point ing accuracy 

o f  0.5" can Le met since the array point ing system does not require t h i s  leve l  

o f  point ing accuracy. 

axes ( f o r  a l t i tude  control)  may a l ign  these payloads outside t h e i r  desired 

0.5" point ing accuracy. 

Further, during 2-LV or ientat ion skewing o f  the pr inc ipa l  

The scenario cycles viewing requirements so tha t  Z-LV orientat ions (X-POP a t  

high beta and Y-POP a t  low beta) are necessary t o  sa t is fy  the earth viewing 

payloads. Solar viewing i s  in termi t tent  a t  low beta angles. The nominal X-POP, 

Y-PSL orientat ion, i s  unsatisfactory for  the combined earth solar viewing, 

but i s  required rout inely to  sat isfy ce les t ia l  viewing needs. 

I n  a number o f  instances the payload schedule requires three d i rect ion viewing. 

(E.g., Magnetic, Earth and Solar plus Solar, Earth and Celestial.)  The F i r s t  
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Order Platform cannot sat isfy these requirements continuously, but  can 

sat isfy these requirements f o r  varying periods o f  time depending on actual 

dew direct ions needed a t  each port. 

I I 

Figure 1.5.1-1 F l i gh t  Scenario I - F i r s t  Order Platform 
57", 400 KM Orb i t  

This scenario encounters m 

an earth viewer that  i s  20 

nimum view obscuration; however, SMR-FP ( R - 3 4 )  i s  

meters i n  diameter tha t  would obscure other earth 

viewing payloads. The only feasible locat ion f o r  t h i s  payload i s  on the +X 

docking por t  where reor ientat ion w i l l  be necessary t o  permit Orbi ter  docking. 

Some size d i f f i c u l t y  i s  associated also with ERSAR (R-42), which should also 

be loaded on the +X docking port. 

pendicular t o  the veloci ty vector; thus, the Z-LV, X-POP (high beta) i s  

necessary when th i s  payload i s  operated. 

This par t i cu la r  payload wants t o  look per- 
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The reference scenario was examined t o  determine the number of times that  a 

f u l l  Orbi ter  launch would require a special payload stowage pos i t ion t o  

permit payload changeout. During the s i x  year period, there were four instances 

where a special payload stowage arm (on the Power System) would be necessary. 

This analysis assumed a l l  four docking ports would be used. Since there has 

been question about the usefulness of the +2 por t  (v iew obscuration and safety 

l i m i t s  on instrument travel), F l i gh t  Scenario I should be re-examined f o r  both 

three and four por t  capabil i ty and on a basis o f  growth t o  a Second Order 

Plat formin the second o r  t h i r d  year of operation. The requirements f o r  the 

payload stowage arm should then be reassessed since scheduling options could 

obviate the need f o r  an expensive Power System element. 

1.5.2 Second Order Platform Accommodation o f  TRW Sample Mission 

F l igh t  Scenario I 1  from reference 1-6 was given t o  us as a representative 

program f o r  the Second Order Platform. 

Number B-10 ( t h i r d  quarter 1987) for  purposes of an accommodation analysis. 

Figure 1.5.2-1 provides top leve l  requirements for the selected payloads. A 

range o f  platform configurations were examined t o  select  the one which 

sa t is f ied  the 8-10 case most readi ly. 

A ver t i ca l  s l i c e  was made a t  Payload 

Figure 1.5.2-2 i l l u s t r a t e s  the extended 

platform case with cross-arm k i t s  which readi ly  meets the payload requirements. 

It i s  necessary to  f l y  the configuration i n  a 2-LV orientat ion. Consequently, 

there are l imi ta t ions on solar viewing during periods o f  low beta angle and 

ERSAR (R-42) would require a payload pa l l e t  girnbal t o  allow continuous viewing 

perpendicular t o  the veloci ty vector for both high and low beta angles. 

The acceptabi l i ty  of EO-1 s o l a r  viewing wi th in  0.5" i s  the same as discussed 

above f o r  the F i r s t  Order Platform. 
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Code Title View Point Remarks 
Direction Accuracy 

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

Figure 1.5.2-2 2nd Order Platform - Payload B-10 Accomnodation 
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Cross-arm standoff from the Power System and spacing between adjacent docking 

ports was established on a basis of maximum payload dimensions. The 6-10 

payload segment i l l u s t r a t e d  i n  Figure 1.5.2-2 f a l l s  well  w i th in  the ncininal 

size l im i ta t ions  developed i n  Section 2 (Task 2 - Configuration Impact). A 

random sampling of nine payload sets was made on F l i g h t  Scenarios I1  and 111. 

O f  these nine scenario sets, seven of them involved oversized payloads which 

have been recommended as extra-long t r a i l  arm payloads only. O f  these seven 

cases, four would require addit ional gimbal constraints t o  prevent c o l l  i s i o n  

r i s k  between payloads on adjacent docking ports. Br ie f ly ,  these payloads a r e  

a5 follows: 

CODE 

AOI-2 

AMIP-5 

SP-5 

SOI-3 

SOI-1 

SOI-4 

SPP-3 

SMI P-2 

R-37 

TITLE SIZES (METERS) 

Astrometric Telescope 18 X 2D 

I R  Telescope 35 X 15D 

Pinhole Camera - 1 100 Boom 

AGWA 1 OOD 

Par t i c le  Beam In jec t ion  

Magnetic Pulse (Geo.) 1000 Antenna 

100 x 100 x 10 

Tether Fac i l i t i es  100,000 Cab1 e 

If any of the above payloads are flown on a plat form configuration such as 

shown i n  Figure 1.5.2-2 gimbal constraints w i l l  be required and an or ientat ion 

such as Z-LV should be flown t o  preclude inadvertant solar array damage. 

Clear, SOI-1 and SOI-3 w i l l  require separate handling since t h e i r  sizes would 

cause co l l i s ions  wi th  platform elements unless they are docked only a t  the +X 

Cocking pos i t ion and constrained t o  a f i n i t e  view cone i n  the + X  direct ion.  
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1.6 SERVICE DIFFERENCES BY CATEGORY 

When grouped i n t o  f i v e  general categories, i t  i s  possible t o  dist inguish 

s ign i f icant  differences i n  payload requirements o r  services. These are 

sumnarized below because they tend t o  influence platform configuration 

shaping decisions considerably. 

1.6.1 High Energy Astrophysics and Astronomy 

The payload data sheets reveal a nearly constant desire t o  f l y  a t  low inc l ina-  

t ions except for HE-3 and AST-4 payloads, which have mid-incl inat ion preferences. 

Payload viewing requirements f a l l  i n t o  the Celestial o r  anti-Earth category 

and as a unique set, do not require simultaneous mult i -d i rect ion viewing. 

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

indicate the greatest need for consumables such as gas, f i l a a n d  cryogens o r  

some form o f  periodic servicing. 

1.6.2 Solar Terrestr ia l  

This payload set shows a large var iety i n  desired o r b i t  a l t i tudes and incl inat ions.  

Further, they co l lec t .  .e ly  require mult ip le and simultaneous viewing direct ions 

(e.g., solar, earth nadir and limb, and magnetic f i e l d  l ines).  High leve l  

pulse power requirements are found i n  th i s  category also, and w i l l  require 

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

set o f  requirements o f  any group. 

1.6.3 Resource aiid Environmental Observations 

These OSTA payloads f a l l  i n t o  the medium t o  high inc l ina t ion  o r b i t  range w i th  

a number a t  higher o r b i t  a l t i tudes. A l l  the payload sensors desire earth 

viewing and only three payloads requir ing solar viewing. The payload set 

inclbdes a number o f  large payloads with consequent impact on the platform 

configuration. Servicing desiies appear as the lowest of a l l  payload sets which 

probably ref lects the i r  current mode of unmanned un te rhd  operation. 
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1.6.4 L i f e  Sciences 

The l i f e  science program i s  unique i n  being a continuously manned program with 

no unique point ing requirements. Rather, constraints are placed on allowable 

"g" leve ls  ( 

a manned support module and routine logist ics/crew rotat ion. Expressed power 

requirements have covered a wide range during the study and generally are high 

enough t o  have these payloads operate w i th  a dedicated Power System. 

and platform rotat ional  rates. There are requirements fo r  

'1.6.5 Materials Processing 

The materials processing payload def in i t ions have changed s ign i f i can t ly  and 

frequently during the study. Power requirements have ranged from moderate 

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

these payloads also use a dedicated Power System. This approach i s  considered 

reasonable also, due to  the low "g" leve l  ( requirements as well  as low 

rates of platform axis rotat ion.  Requirements have been advanced both f o r  

unmanned and manned operation. The l a t t e r  would require f a c i l i t i e s  and log i s t i cs  

fo r  manned support. 
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Section 2 
CONF I GUMTI  ON OR I VERS 

(Task 2) 

Those i tems tha t  dr ive the platform configuration o r  the plat form operation 

are i d e n t i f i e d  i n  t h i s  section. These dr ivers have been c l a s s i f i e d  i n t o  

two sets: (1) those ar is ing  from experiment requirein Ints; and (2 )  those 

generated by constraints imposed by systems external t o  the Platform (i.e., 

Orbiter, TLRSS, and Reference Power System). 

var iety o f  interfaces which dr ive the Platform conceptualization. 

dr ivers are sumari7ed i n  Figure 2-2. 

on the Platform i s  shown and the section o f  t h i s  report  where the relevant 

discussion i s  presented i s  referenced i n  parenthesis. 

Figure 2-1 i l l u s t r a t e s  the 

TI1( ae 

For each dr iver  i d e n t i f i e d  the impact 

I n  the fol lowing subsections payload requirement and system level  dr ivers  are 

addressed. 

treated i n  Section 3 ,  Power System Interface, whi le detai’- o f  the impact o f  

drivers on subsystem design can be found i n  the appropriate subsection o f  

Section 4, Subsystem Trades.) Concluding t h i s  section are discuss:ons o f  the 

der ivat ion of the 1st Crder Platform mini-arm concept and the rat ionale f o r  

the s ize o f  the 2nd Order Platform. 

(Power System character ist ics tha t  impact the Platform are 

See Section 10, Conclusions and Recmendations, for  sumnary l i s t  o f  t r a w s  

and resul ts.  
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2.1 PAY LO I D  REQUIREMENTS 

The primary consideration i n  configuring the Platform has been t o  assure 

responsiveness o f  the design t o  payload requirements. 

payload analysis task was discussed. The requirements generated there provid? 

the key inputs t o  the design dr ivers tasks. Payload requirements tha t  d r ive  

the platform design have been iden t i f i ed  and are discussed i n  the fol lowing 

paragraphs. MDAC has carefu l ly  reviewed these dr ivers and, i n  some instances, 

recomnended not t o  incorporate those features tha t  would f a c i l i t a t e  t h e i r  

I n  Section 1 the 

accomnodation. Two examples of payload requirements drivers, not  a c c m d a t e d  

by the Platform; but relegated t o  the payloads themselves are cryogenic 

resupply and power conditioning f o r  very high peak power loads. 

2.1.1 

Those requirements that  depict the thermal desigi. re sumnarized i n  Figure 

2.1.1-1. The requirement f o r  as much heat dissipat ion as e lec t r i ca l  power 

impact was voiced by the SASP Sc ien t i f i c  Advisory Group. The 40°F minimum 

temperature f o r  L i f e  Sciences payloads i s  wel l  below the 6OoF minimum tha t  w i l l  

sa t i s fy  other payload classes. 25 kW of cooling for material processing 

payloads and others i s  provided on the 2nd Order Platforms.- However, MDAC 

recomnends the 1st  Order Platform not provide any aux i l ia ry  cooling a l locat ing 

any excess heat re ject ion above that  provided by the Power System t o  payload. 

Peak power heat re ject ion w i l l  require e i ther  thermal capacitors or operation 

o f  the thermal control a t  elevated temperatures. Cryogenic resupply 

requirements are not well  defined except for a few payloads (see Figure 2.1.1-2). 

MDAC, therefore, recomnends that  the anci 1 l a ry  equipment needed be pal l e t -  

mounted rather than a standard service provided by the Platform. 

the appropriate thernia1 control sections fo r  deta i ls  of pert inent trades and 

design detai ls.)  

Payloads Requirements tha t  Drive the Thermal Subsystem 

(Refer to  
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HEAT OUT = ELECTRICAL POWER IN 

0 40°F MINIMUM COOLING TEMPERATURE. FOR LIFE SCIENCES 

25 KW PAYLOADS (1. E. , MSC) 

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

0 CRYOGEN RESUPPLY 

Figure 2.1.1 -1 Payload Requirements That Drive the Thermal Control Subsystem 

, 1511 

[-I 
, “l.0. 

2 l W M  

Figure 2 . 1  . l - 2  Currently Defined Cryogen Requirements 

34 



2.1.2 Inpact of Payload Si re 

The capabi l i ty  o f  the Platform t o  normally acconmodate those oversized payloads 

(several over a km i n  length) i s  t reated i n  Section 2.8. 

numbers o f  large payloads are funded and developed, the t r a i l  arm configuration 

investigated for i t s  growth potent ia l  may provide a v iab le solut ion. With 

the current evolutionary configurations these payloads can be flown, but w i th  

the Platform dedicated t o  t h e i r  operation throughout t h e i r  residency. 

I f  suf f ic ient  

2.1.3 Payload Requirements that  Drive the Data Subsystem 

Figure 2.1.3-1 i l l u s t r a t e s  the data r a t e  requirements. R42, the earth 

resources SAR, and R48 the Ocean SAR experiments, both have 120 Mbps data rates. 

These synthetic aperture radar payloads dr ive the data recording and data 

dump design concepts. R41, the Ice/Climate experiment, defines a need f o r  a 

25 Mbps forward l i nk .  This ra te  fal- exceeds that  required by any other 

payloads and would necessitate the addi t ion of the Ku band forward channel 

t o  the Power Systems. Further discussion of these dr ivers  i s  presented i n  

Sections 5 and 6. 

I I [  Illlll I I u l  I I I l l l l l l  I I l l l l l l l  1 I Illllll I 1 IJJJJ 
1W 1W l(r 1W 10' 1 0' 10' 1W 

BIt8 per Second 

Figure 2.1.3-1 Percent o f  Payloads Having Data Rate4X B i t s  Per Second 
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2.1.4 Payload Requirements that  Drive the Power Subsystem 

Distr ibut ion o f  payload power requirements was shown i n  Figure 1.3-1. 

addit ion t o  these viewing payloads, there are non-viewing payloads that  also 

dr ive the subsystem design. ROI ( the Haterials Experiment Carrier), SO14 

(the Magnetic Pulse experiment), and SPP3 (the Uave Par t i c le  I n t e r f a m e t e r )  

a l l  require 25 kW average power. 

o f  peak power requirements. 

iind SOI3, the Atmospheric Grav i t y  Wave Antenna require pulse peak power leve ls  

c?f 400 and 250 kW respectively. As previously mentioned MDAC recomnends 

these peakinr, requirements be accomnodated on the payload carr ier .  

relevant trades and design de ta i l s  on peaking power and accommodating the 

25 kW average power payloads see the appropriate writeups i n  Sections 4 and 5. 

I n  

Figure 2.1.4-1 presents the d is t r ibu t ion  

S O I l ,  the Par t i c le  Beam In jec t ion  experiment, 

For 
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Figure 2.1.4-1 Payload Peak Power Requirements 
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2.1.5 Payload Requirements tha t  Drive the At t i tude Control System 

Pointing s t a b i l i t y  and accuracy requirements f o r  the experiments are 

sunnarited i n  Figure 2.1.5-1. 

each experiment using only the Platform's capabil ity, almost a l l  would be 

design drivers. However, employing ar experiment point ing system t o  i so la te  

the payloads from disturbances greately reduced the number of d r iv ing  payloads. 

Employing image motion compensation o r  magnetic suspension techniques t o  

experiments w i th  even tougher requirements e f fec t i ve ly  relegates the f i ne  

point ing problem t o  the payloads. The ACS dr ivers are therefore those 

payloads tha t  l i e  i n  the lower hal f  o f  the box labeled platform capabil i ty. 

The challenge is t o  accommodate these payloads, HE10 and HE11 f o r  example, 

without having t o  mount them on expensive experiment point ing systems. 

If the decision had been made t o  acconunodate 

Range 

10-3 10-2 10-1 100 101 102 103 1 04 
Stability (arc sec) 1111180 

Figure 2.1.5-1 Experiment Pointing Requirements 
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These requirements drove the design t o  enhance the inherent point ing accuracy 

though the addi t ion o f  aux i l ia ry  a t t i tude  sensors. 

found i n  Sections 4 and 5. 

I n  depth discussions are 

2.1.6 Payload Requirements tha t  Drive Viewing and Disturbances 

The prime factor  i n  designing the platform viewing capabi l i ty  i s  the require- 

ment f o r  simultaneous mu1 t i d i rec t i ona l  viewing. The impact of t h i s  require- 

ment i s  addressed i n  Section 2.4. The governing requirement l i m i t i n g  

distur5ances i s  the Materials Experiment Carrier (RO1) maximum acceleration 

l i m i t  o f  g's. The impact o f  t h i s  requirement i s  discussed i n  Section 2.9. 

2.2 SYSTEM REQUIREMENTS 

SFxe Platform requirements were derived from the experiment requirements 

generated by MDAC i n  Task 1 wi th  additions and revisions from the TRW 

companion study. A functional analysis o f  the PlatformjPower System 

combination was performed resul t ing i n  the function a l locat ion t o  the 

Platform, Power System, payloads, and Orbet< * shown i n  Figure 2.2-1. For 

t h i s  al locat ion the payload carr ier ,  or  pa l le t ,  i s  considered as par t  o f  the 

payload. How these functions have been implemented on the Platform i s  described 

in ,  Section 5.0, Conceptual Design. Quant i f icat ion of these functional 

requirements and the trade studies that  led  t o  the recomnended approach can 

be found i n  Section 4.0 f o r  each o f  the subsystem areas. 

I n  t h i s  process trades were made t o  determine where each function should be 

assigned. 

seemed l i k e  desirable services for Platform t o  provide. However, a f t e r  

evaluating the detai led experiment descriptions and noting the l im i ted  number 

o f  experiments ca l l i ng  f o r  such services these functions were al located t o  the 

payloads t o  minimize the overal l  system cost (see Section 4.0 f o r  deta i ls ) .  
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2.3 SYSTEM PERFORMANCE 

Design drivers addressed i n  th i s  section include: Orbiter del ivery capabi l i ty  

and on-orbit operational constraints; SASP o r b i t  keeping requirements and 

requirements to  achieve unique orbits; RMS capabil i t ies; and TDRSS considerations. 

2.3.1 Orbiter Performance 

Orbiter del ivery performance i n  the post 1985 frame i s  s tmar i red  i n  Figure 

2.3.1-1 where payload capabi l i ty  has been p lo t ted as a function o f  c i r cu la r  

o r b i t  a7 t i  tude. 

incl inat ions of f r o m  28 t o  57 degrees, the payload capabi l i ty  i s  greater than 

45,000 ibs f o r  the 400 t o  450 km SASP a l t i t ude  regime. This capabi l i ty  i s  

well i n  excess o f  that  required for delivery o f  e i ther  the SASP o r  the 

reference Power System. For sun-synchronous orb i ts  the 25 kW reference Power 

System weight exceeds the Orbi ter  payload capabi l i ty  wi th strap-on l iqu ids 

fo r  a SASP mission. The scaled down NASA-defined 12.5 kW Power System i s  

For launches t o  orb4 t inc l inat ions achievable from ETR, 
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Likely Altitude - StraPOn Liquid! 
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E 
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Power System - 27,500 Ib (25 kW) - 22,000 Ib (125 kW) 0 

D 
Circular Orbit Altitude (km) 

F i  gure 2.3.1 - 1 STS/SASP/PS Performance Envelope 

marginal while the SASP i t s e l f  i s  wel l  within the Orb i ter  capabi l i ty .  

o f  the Power System t o  a lower a l t i t u d e  o r b i t ,  wi th subsequent boost t o  

higher a l t i tudes using in ternal  Power System propulsion or an a u x i l i a r y  stage 

are viable modes f o r  achieving the 400 t o  450 km SASP o r b i t s  o r  the 700 km 

and l l igher a1 t i  tude o r b i t s  desired by many ear th  resources applications. 

fS?e discussion i n  t h i s  section.) 

Delivery 

NASA provided information indicates tha t  the Orb i ter  has the capab i l i t y  t o  

perform only one rendezvous per f l i g h t  precluding mul t ip le  berthing w i t h  

the SASP f o r  payload changeout, etc. 

2.3.2 SASP Orb i t  Keeping 

Results o f  the o r b i t  keeping analysis show that  the factor o f  primary in te res t  

t o  the experiments reboost frequency can be l i m i t e d  t o  once every 90 days. 

Figure 2.3.2-1 parametrical ly displays the data generated. Only a t  low 
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D 
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Figure 2.3.2-1 SASP Orb i t  Keeping 

platform u t i l i z a t i n n  ( l ow  W/CDA) and solar maximum atmospheric f l u x  levels, 

a low probabi l i ty  o f  occurance combination, are more frequent reboosts 

required. A higher a l t i tude,  450 km, a t  the s t a r t  o f  the reboost cycle would 

allow 90 day reboost intervals f o r  even t h i s  worst case scenario. Providing 

t h i s  long in terva l  between reboosts benefi ts the payloads i n  three ways: 

(1) contamination from thruster f i r i n g s  only have t o  be deal t  with infrequently, 

(2) high acceleration levels due t o  thruster f i r i n g  are minimized, and 

(3) experiment in ter rupt ion due t o  reor ient ing f o r  reboost i s  minimized. 

Impact of the Platform on the Power System orbit-keeping propellant requirements 

should be minor. 

impulse, not on-orbit  weight, the Platform should only add a re la t i ve l y  

small drag increment to  the Power System. 

Since orbit-keeping propellant i s  a function o f  drag 
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2.3.3 Unique Orbi ts 

Two special o rb i t s  were i d e n t i f i e d  i n  the companion TRW requirements study. 

The f i r s t ,  a 705 km a l t i tude ,  98" i nc l i na t i on  sun synchronous o r b i t ,  sa t i s f i es  

many earth viewing experiment requirements. The second, a 200 km by 2000 km 

e l l i p t i c a l  o r b i t  might p a r t i a l l y  sat is fy  experiments w i th  e i t h e r  very high or 

very low a l t i t u d e  requirements. 

how t o  achieve the o rb i t .  

For both o f  these o r b i t s  the key issue i s  

I n  Figure 2.3.3-1 the propel lant  requirements f o r  achieving the sun-synchronous 

are shown as a funct ion o f  p lat form weight. Several modes are considered: 

(1) a one-way mission where the Platform and propulsion u n i t  are treated as 

an expendable payload, (2) the Platform i s  kept i n  i t s  h igh a l t i t u d e  o r b i t  

and a TMS employed t o  f e r r y  payloads up and down, and (3) an elevator mission 

where the propulsion system stays wi th  the Platform fe r ry ing  the Platform 

between an Orbi ter  rendezvous compatible a1 ti tude and the 705 km operational 

a1 t i  tude. 

Propellant required t o  achieve the 200 by 2000 km e l l i p t i c a l  o r b i t  i s  

presented i n  the same format i n  Figure 2.3.3-2. These data are conservative 

assuming the propel lant  cost i n  terms o f  impulsive ve loc i ty  t o  reacquire the 

i n i t i a l  435 km o r b i t  t o  be equal t o  that  o f  i n jec t i on  i n t o  the e l l i p t i c  o rb i t .  

High perigee drag leve ls  should s ign i f i can t l y  reduce apogee a l t i tude ,  therefore, 

reducing propel lant  requirements for returning t o  the nominal o rb i t .  
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2.4 REMOTE MANIPULATOR SYSTEM (RMS) 

The Platform Configurd tion i s  influenced by the experiment performance 

c r i t e r i a  and the operational skpport required for attachment, removal , 
component exchange, and maintenance. Access t o  a l l  payload attach points 

on any given platform i s  a primary requirement. 

Orbiter subsystem t o  be used f o r  payload handling. 

l i s t e d  i n  Figure 2.3.3-3 have a def in i te impact on platform design. 

The RMS i s  the major 

I t s  technical features 
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PAYLOAD HANOL ING 

0 Mar size I S  ft. dia. a 60 ft. long 

e Has5 * 65.000 l b  

0 Tip-off rate = O.OlS”/sec MI 

RI!S TECHNICAL FEATURLS 

ARM 

0 15 i n  dia. 1 50 f t .  long 

munted ( - V )  longeron Sta XO 679.5 
10 minutes af ter  Orblter RCS deactivated 

0 Rmvable Was5 = 905 1b 

0 Force @ t i p  = l a  Ib minimum 

e Torsue Available B wrist r o l l  arts 230 ft I b  

0 Stiffness, fu1)y emtended = 9.5 l b / i n  

JOINT HOTIONS 

e Shoulder Joint * l a 5  t c  -2  

Shoulder Van * l W  ttt -180‘ 

e flbou P i t c h  *? t o  -160 

0 Y r i s t  P i t c h  t120‘ to - 1 2 0  

e U r i s t  Id* +I20 t o  -l?O 

e W r i s t  4011 4 4 7  t o  -447 

0 H ~ R  payload velocity relat ive to  Orbiter -0.1 ft/sec 

WEUYERlbG SPEED 

0 Mar velocity - f u l l y  loa -d = 0.2 ft/sec 

e Ha* t i p  velocity unloaded = 2 ftisec 

0 M a x  stopptng dtstance 2 f t  

POSITION ACCURACY 

0 Automatic Mode ti? i n  :lo 

0 Manual node :@.S i n  

PHY S I CAL CHARACTER1 STI CS 

hW 

e General arrangement as defined i n  Space System Payload Accomdations 

Handboo4 rJSC 07700 and sham i n  Figure 2 .4 -1 .  

Fisure 2.3.3-3 RMS Capabilities 
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PAY LOAD INTERFACE 

0 Payloads t o  incorporate a grapple f i t t i ng ,  as shown f i l  Figure 2.4-2, 

and i n  accordance with #JSC 07700 Handbook. The grapple f i x tu re /  

RMS End E f f x t o r  mating envelope t o  be as shown i n  Figure 2.4-3. 

REACH ENVELOPE 

0 Payloads t o  be placed w i th in  the reach envelope defined i n  JSC 07700 

Handbook, paragraph 8.1.1 , Figures 8-9 1 8-9 2 , and 8-9.3. 

Figure 2.4-1 RMS Arm Dimensions and Jo int  Angle Limits 
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4 m. 

Figure 2.4-3 RMS Standard End Effector and Grapple Fixture 
En ve 1 ope Sc herr,a t i c 
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2.5 TORSS 

The SASP command and data management system must be compatible wi th the 

Tracking and Data Relay S a t e l l i t e  System (TDRSS), which provides the 

communication channel between the SASP/Power System and the ground. Certain 

interface parameters, such as EIRP, operating frequencies, and signal design 

are o f  concern pr imari ly t o  the Power System rather than the PlatfOtm. 

TDRSS data rate l i m i t s  and loading and scheduling factors, however, are 

important t o  the SASP data system design. 

The data rate l i m i t s  f o r  the various TDRSS channels are as follows: 

Forward Link Return Link 
W Channel 10 Kbps 50 Kbps 

SSA Channel 300 Kbps 12 Mbps 

KSA Channel 25 Mbps 300 Mbps 

These l i n i t s  define the maximun: rates that  data can be transmitted between 

the SASP/Poh.?r System and the ground. Data that must be acquired ut higher 

rates require on-board buffering. The rate l im i ts ,  coupled with the chant,el 

ava i l ab i l i t y ,  Cetermine the t o t a l  quantity o f  data that can be transferred. 

The TDRSS provides 

anlount o f  coverage available t o  sa te l l i t es  i n  low earth o rb i t .  Two TDR 

large improvement over a ground-based network i n  the 

s a t e l l i t e s  provide an average of 88% coverage o 

access t o  TDRSS resources depends on the overal 

users. Preliminary studies have indicated that 

the T D R 5  w i l l  be heavily loaded. This implies 

better. However, a user's 

loading on TDRSS by a1 1 

i n  the 1985-1990 time frame 

that a SASP should have a 

data system that can dump data i n t o  the TDRSS a t  high rates so that TORSS 

timeline can be used ef fect ively.  
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2.6 VIEWING 

One o f  the most a t t rac t i ve  features o f  the platform concept i s  i t s  a b i l i t y  

t o  host a var ie ty  o f  viewing payloads. MDAC has attempted t o  maximize t h i s  

potent ia l  by configuring the Platform t o  be responsive t o  viewing requirements. 

Wiewing requirements both as speci f ies - in tegrat ion time o r  viewing 

d i r e c t i m  - o r  aggregates - simultaneous mu1 t i d i r e c t i o n  viewing o r  simultaneous 

single d i rec t ion  viewing - dr ive the platform design. 

derived from the viewing analysis are: 

option for  viewing experiments; and (2) tha t  the synergist ic benef i ts  o f  

mul t ip le  viewing payloads i den t i f i ed  by T',W can be achieved. 

The conclusions 

(1) tha t  the Platform i s  a v iab le 

Figure 2.6-1 presents an overview of t h i s  analysis ind ica t ing  i t s  scope and 

the important conclusions dnd recommendations. 

developed computer tools i n  accomplishing these tasks. An in te rac t i ve  

graphics program that simulates ro ta t ion  o f  the plat form elements and emulates 

sensor FOV's was used i n  determining obscuration. 

i t s  a b i l i t y  t o  examine a configuration from d i f fe ren t  viewpoints and w i th  

various focal lengths.) A t  a higher leve l ,  an experiment observation program 

was evaluated on an experiment effectiveness program tha t  simulates the 

viewing performance over the complete mission. This computer program allows 

an expcriment mounted on the Platform t o  be compared w i th  the same experiment 

flown on dedicated spacecraft i n  terms of time t o  complete a speci f ic  set  o f  

experiment observations. 

MDAC employed two company 

(Figure 2.6-2 i l l u s t r a t e s  

2.6.1 -- Viewing Requirements 

Viewing Lquirements are divided i n t o  two classes: Those that  are defined 

f o r  ind iv idual  experiments and those tha t  resu l t  when more thirn one viewing 

experiment i s  on the Platform a t  the same time. I n  Figure 2.6.1-1 the instrument 
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Figure 2.6.1-1 In tegrat ion Tim Requirements 

in tegrat ion t i m e  ( the time an instrument needs t o  perform a s ing le observation 

o f  exposure) required i s  shown f o r  several classes o f  viewing experiments. 

These times range from very short (seconds) t o  very lony (days). An 

examination of the experiment y ie lds  the fol lowing l i s t  o f  viewing direct ions:  

earth, anti-earth, solar, ce lest ia l ,  magnetic l ine ,  and earth ?:rib. Both 

sets of requirements are d i r e c t l y  traceable t o  spec i f i c  experiments and are 

of the f i r s t  type mentioned above. When mul t ip le  viewing experiments are 

flown on a Platform new requirements resul t .  To achieve the rea l i za t ion  o f  

the Platform's potent id l  some degree of simultaneity i n  experiment operations 

i s  needed. 

maxin .e the Platform's usefulness but only i f  the experiments do not 

in te r fe re  wi th  each other. The derived requirement i s  therefore mu1 t i p l e  

Fu l l  simultaneous operation o f  a l l  payloads on the P1?tfOm w i l l  
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simultaneous viewing direct ions without mutual interference. Conversely it 

i s  desirable (as pointed out i n  the companion TRW study) t o  be able t o  

dedicate a platform, f o r  some period o f  time, t o  a s ing le viewing direct ion.  

These two general requirements make up the second class of requirements 

def i ned above. 

2.6.2 Impact on Configuration -- 

The ear ly  platform concept, a T-Bar configuration, evolved as a resu l t  o f  the 

requirement f o r  simultaneous mult i -d i rect ional  viewing. This base1 ine  

configuration was employed i n  an experiment-by-experiment examination o f  

whether the basic viewing requirements could be achieved i f  the experiment 

were flown on the Platform by i t se l f .  For example, parametric data was 

generated showing the relat ionship between instrument integrat ion time, 

target decl ination and o r b i t  inc l ina t ion  (Figure 2.6.2-1). Analogous data 

have been generated fo r  solar, earth, and maqnetic experiments. Conclusions 

reached were that from a viewing standpoint a l l  requirements could be f u l f i l l e d  

i f  only one experiment was on the Platform. 

The next step was to  evaluate the experienced viewing capab i l i t y  when grouped 

on the T-bar configuration. The MDAC in teract ive 3-D graphics capabi l i ty  was 

empl oyed t o  i nves ti gate potent ia l  obscura ti on. 

Figure 2.6.2-2 i l l us t ra tes  views from various p a l l e t  locations. The ro ta t ion  

o f  the t r a i l  a r m  (assming 3-direction zimultaneous viewing with the t r a i l  

arm earth looking) once per o r b i t  could present a problem if large instruments 

a re  mounted on i t  causing a "windshield wiper" e f fec t  on cross-arm experiments 

looking a f t .  

themselves could obscure t r a i l  arm instruments during a port ion o f  the orb i t .  

An additional consideration i s  that  for l i g h t  sensi t ive instruments, l i k e  

Similarly, instruments on the cross arms and the cross arms 
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I R  telescopes, the obscuration i s  magnified by exclusion zones around l i g h t  

ref lect ing or  radiat ive surfaces. 

with cross arms have excluded long t r a i l  arms. 

For these reasons subsequent configurations 

REPRESENTATIVE OBSERVATION TIME 

Figure 2.6.2-1 SASP Provides Long-Term Viewing Windows 

52 



Figure 2.6.2-2 SASP T-Bar Vfsibi l i ty  

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

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

amount of obscuration. In Figure 2.6.2-3 the viewing prospects fm the extended 

2nd order crossarms are presented. The cross-arm ports with large separation 

distances between berthing ports and independently rotating am pmv.ides 

excellent vjewing capability, Unobstructed v i s i b i l i t y  for effective 60' 

FOV instruments i s  obtained when either ann i s  rotated so the pallet i s  

boresightcd i n  the +X, +Z, and -2 directions. As shown, the solar panels 

obscure the view in the -X direction. 

A sensi t iv i ty  analysis was performed t o  deternine tk iwact of platfom sire 

on viewing capability. h e  measure of platform site i s  the length o f  the 

standoff structure between the Power System and the SASP Support Mule. 

Figure 2.6.2-4 displays the sensitivity o f  experiment viewing to this 
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standoff structure length. Percent obscuration of the experiment field-of- 

view was selected as the viewing performance measure. Two conditions were 

examined; (1) obscuration caused by the solar paael alone, and (2)  solar 

panel obscuration plus a 15' buffer to  preclude reflected energy from 

reaching the experiment sensor. These curves indicate that  viewing performance 

is  relatively insensitive to  this platform size parameter. A second measure 

of platform size is the distance f r o m  the platform centerline outboard t o  a 

bertbing port. Using the same measure of viewing performance, percent 

obscuration a t  the total  FOV, and obscuration parameters, the sensitivity to  

berthing port location is presented i n  Figure 2.6.2-5. Again, the conclusion 

drawn i n  viewing i s  a weak function of a l l  platform size. However, other 

factors, such as allowable payload sire, must be considered i n  determining 

experiment program sensitivity t o  platform size. (See Section 2.10.) 

20 

1s 

10 

5 

€ 

I 
+X 

Figure 2.6.2-5 Experiment Viewing Sensitivity t o  
Cross Arm Length 
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Viewing prospects from the 1st  Order Platform are shown i n  Figure 2.6.2-6. 

Views f r o m  the opposite Y mini-arm are mirror images and views f r o m  the 

t r a i l  mini-arm are unobscured i n  both +X and -2 directions. 

viewing on the development o f  the 1s t  Order Platform i s  presented i n  

Section 2.11. 

Impact of 

Views From - Y  Port 
(60' Gimbal Angle) 

X 

- 2 Direction + 2 Dtrectlon 

+ X Direction - Y  Directton 

Figure 2.6.2-6 First-Order Platform V i s i b i l i t y  

2.6.3 Viewing Comparison 

MDAC has evaluated the a b i l i t y  of the SASP 1 s t  and 2nd Order Platforms t o  

support an experiment program. MSFC has defined an extensive astronomy 

viewing program that provided input t o  a MDAC developed experiment viewing 

simulation computing program. The minimum time for a dedicated spacecraft 

t o  complete t h i s  experiment proyram was determined and used as a measure o f  

comparison. 
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The exper imnt  program i s  defined i n  Figure 2.6.3-1. Forty-two target  

locations are defined with the t i m e  per observation, number o f  o r b i t s  per 

day with observations and consecutive days with observation o r  the t o t a l  number 

of observations presented f o r  each. Target locat ions are Shawn on the fo l lowing 

chart (Figure 2.6.3-2) , an Ai tof f  project ion, showing the  r i g h t  ascension 

and decl inat ion o f  each. 

Figure 2.6.3-3 presents a comparison of the time required t o  accomplish t h i s  

experiment program between a dedicated spacecraft and the 2nd Order Platform. 

For the o r b i t  selected and the assumption l i s t e d  the SASP requires about 20% 

more t i m e  t o  carry out t h i s  program. The 1 s t  Order SASP, witkout continuous 

arm rotatiti: capabi l i ty ,  i s  not competitive for  t h i s  appl icat ion. 

The advantage that  the on-orbit  viewing d i rec t ion  change capab i l i t y  provided 

by the clocked arm/hinge has over a f i xed  arm i s  i l l u s t r a t e d  i n  Figure 2.6.3-4. 

A 50% increase i n  the number of experiments completed i s  gained by adding t h i s  

on-orbi t  viewing d i rec t ion  change capabi l i ty  f o r  the t i m e  required f o r  a 

dedicated free f l y e r  t o  complete the program. 

57 



s 
TARGET PkRlUKTERS 

O E C L ~ N A T l O N  N U f B E R  OF ORE11 OESER. Hll4UTES PER 
(DEI;) CONSECUTlVC DAYS FREQUCNCV OESERVATION 

R I B 1  ASCENSION 
i DE G) __ 

-73.71 
-40.36 
-60.35 
-52.23 
!S .4; 
.6.?9 
-61.59 
-bl.93 
-62.49 

-61.33 
-6?. 35 
- 2 4 .  71 
35.90 
.'1.98 
53.48 
-tO.QO 
-56.99 
-::I. '5 
- 3 7 . 7 :  

4 4  35 
35 ,117 
: : . 7 ' 3  
i '9 

- 4 3 . 1 0  
- 5 : .  10 
- 5 3  65 
-:9.3: 
-4: 97 
- 3 3  30 
- i 3 . 3 5  
-44.:: 
-?9.51! 

-2€, 47  
-3: 14 
-3:  31 
4.39 

,:. 09 
- I  . !3 
11.95 

-59.93 

- . -,,1 
> ~ . " d  

-e .  7 7  

16 1 
36 1 
9 1 
15 1 

? 1 
60 3 
60 3 
60 3 
120 16 
60 3 
60 3 
5 
30 3 
6 1 
3. I 

1 1  1 
67 4 
30 3 
14 1 
6 1 
17 3 
68 1 
45 4 

97 a 

It0 C O B S E C O T I U E  

RE QUIRE!+N:. 

EACH TO 

SE OBSERVED 

ON A TOTAL 

OF 400 CISTINCT 

W B I T S .  

10 
33 
10 
30 
5 
30 
30 
30 
30 
30 
30 
10 
3c 
25 
I I A X  
30 
20 
5 
30 
20 
30 
70 
5 
IO 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 - 
30 

- P i ? l A T  S I C U E N C E  :dlCE SEPARATtD BV A T  L f A S T  90 DAYS. 
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Figure 2.6.3-2 Target Locations 
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2.7 DYNAMICS 

EX! erinent point ing requirements are co l lect ive ly  a major configuration 

driver. They impact both the ACS and the structural  design. Figure 2.7-1 

slarmarized the issues involved, the anai3ses performed, and conclusions 

and recomnendations made. 

structura' dynavics, a t t i t ude  control y, and point ing systems i s  loosely defined 

here as dynamics.) 

(This subject area which includes dynamics, 

ISSUES 

CONCLUSIONS/RECO#MENDAllONS 

Figure 2.7-1 Dynamics 

2.7.1 Requirements 

The point ing requirements, point ing accuracyy, ar,d point ing s t a b i l i t y  were 

presented i n  Figure 2.1.5-1. Overlays on t h i s  chart indicate the performance 

capabi?i ty o f  the IPS and the projected range o f  capabi l i ty  fo r  the Platform. 

I n  order t o  meet these point ing requiremnts, e i ther  the platform capabi l i ty  

must be g'yatly improlted o r  the f ine  point ing capabi l i ty  must be allocated to  
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the pay'oads. 

function has been allocated to  the payloads. 

For reasons of cost, complexity, and technology the f i n e  point ing 

2.7.2 Dynamic Environment a t  Pal le t  

Figure 2.7.2-1 defines the disturbances that must be neutralized t o  achieve the 

experiment po in t i rg  requirements. A computer program simulation was employed 

t o  quantify both y a v i  ty gradient and aerodynamic disturbances. Disturbances 

f r o m  other sources were evaluated and as a resu l t  experiment operations w i l l  

be suspended when i n  the presence o f  the Orbiter and during PS thruster. 

f i r ing .  

EXP€RlNEWIS 
SCtGNG 

0 ROTATINO 

0 VENTING 
YECHI)IISMS 

J 

U(IERNAL 
0 GRAVIWGR*U~ENT TOAWLS 

AERODVNAMIC MOMENTS 
0 DOCKING 

ORBITER @€RATIONS - TMRUSTERS - CREW 

Figure 2.7.2-  

POWERSVSTEU 
0 SOLARPANEL ROTATKINS 

ANVXNA MOVEMENT 
0 ATTITUDE MANEUVER8 
0 CYGS 

ORBIT-KEEPING ACCELERATION 
THERMAL DIS'nRTION 
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.1 SASP Dynamic Envi :onmen t 

PLATFORM 
ROTATING JOINT 
ARM ROTATION AT 
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0 FLUID PUMPS 
THERMAL DlSfORTtW 
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The largest disturbance iden t i f i ed  excluding Orbi ter  and PS thrustor operations 

i s  the slewing o f  a payload instrument a t  the maximum ASPS gimbal moment o f  

34 N-M. Figure 2.7.2-2 shows a representative configuration tha t  was modeled 

to evaluate the impact o f  t h i s  disturbance. (See ACS discussion i n  Section 4 

for descript ion o f  model .) 

2.7.2-3. The HODE column defines the character o f  the mode shape w i t h  respect 

t o  where most o f  the motion occurs. 

t o  a closed-loop control system mode and nei ther the solar array o r  Platform 

are bending s ign i f icant ly .  The A through D columns define the ro ta t ion  o f  the 

corresponding payload (A and C)  o r  base o f  the aux i l ia ry  point ing system o f  

the payload i s  used ( B  and D). ["Uncompensated" means without the benef i t  o f  

an aux i l iary  point ing system.] The ro ta t ion  resul ts  f r o m  a 34 N-M moment 

step input a t  payload D. 

motion occurs (0.16 deg) which i s  character ist ic o f  the 0.01 Hz cont ro l le r  

bandwidth wi th no damping. Other rotat ions appear small w i th  the exception 

o f  the second torsion mode which could be s ign i f i can t  t o  some payloads w i th  

t i g h t  s t a b i l i t y  requirements. l n e  modeling o f  the PS contro l ler  as a 0.01 Hz 

zero damped resonance i s  very conservative. 

damping could reduce the 3.16 d e g w  r i g i d  body motion t o  about 0.1 degrees 

and the inclusion of the integral  of a t t i t ude  feedback i n  the PS cont ro l le r  

may reduce the r i g i d  body motion t o  0.05 degrees o r  less. 

Results o f  the analysis are presented i n  Figure 

For example, the RIGID BODY nmde corresponds 

The resul ts  indizate s ign i f i can t  r i g i d  body 

Including real  i s t i c  PS cont ro l le r  

2.7.3 Experiment Pointing System Contributions 

Achievement o f  the f ine point ing requirements i s  dependent on the capab i l i t y  

o f  experiment point ing systems t o  iso la te the experiment from the dynamic 

environment a t  the pal le t .  The SQerry Annular Suspension Point ing Gimbal 

System (AGS) was selected for t h i s  analysis because o f  a v a i l a b i l i t y  o f  

data. 

writeup i n  Section 4 for discussion.) 

A computer model was developed to  simulate the A&. (Refer t o  Ar; 
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Figure 2.7.2-2 SASP Simplified Dynamics 
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The dynamic environment shown i n  Figure 2.7.2-3 was used t o  evaluate the 

a b i l i t y  o f  a point ing system t o  sa t is fy  the f ine po in t ing  requirements. The 

l i n e a r  acceleration values associated w i th  each dynamic modal charac ter is t i c  

are shown on Figure 2.7.3-1 f o r  the three payloads which are disturbed by a 

maximum AGS gimbal t o q u e  input a t  Payload D. The f i r s t  colunm f o r  each 

payload corresponds t o  l i nea r  acceleration due t o  S U P  arm bending ro ta t i on  

o r  tors ion rotat ion.  This l i nea r  acceleration (due t o  ro tat ion)  i s  proport ional 

t o  the distance from the SASP arm neutral axis and i s  shown as acceleration 

per meter f r o m  the neutral axis. A r e a l i s t i c  value for t h i s  distance (k) 
i s  three meters: 
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Figure 2.7.3-1 SASP Acceleration Response t o  
34 N-m* Payload D Girnbal Toque 

The second column f o r  each payload gives the l i nea r  acceleration associated 

with the l i nea r  t ranslat ion associated w i th  SASP arm bending. 
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The largest  accelerat ion shown i s  420 micro g 's (assuming a three-meter 

for  Payload C and Lhe second tors ion mode. 

for  Payload C and the f i f t h  bending mode. These accelerations would be 

unacceptable t o  a materials processing payload g requirement) and 

ind icate tha t  some operational torque constraints w i l l  be required when 

operating i n  low-g f l i g h t  mode. This corroborates the r i g i d  body disturbance 

accelerat ion anal ys i  s discussed previ ously . 

) 

The largest  "Z" i s  130 micro g l s  

These accelerations, when appl i ed  perpendicular t o  the a u x i l i a r y  po int ing 

system 1 ine-of-sight (LOS) , resu l t  i n  dynamic payload LOS errors  (see Figure 

2.7.3-2). The LOS errors resu l t ing  from a maximum AGS torque step o f  Payload 

D are shown on Figure 2.7.3-3. 

. i t h  respect t o  distance ( 

value f o r  

The f i r s t  column f o r  each payload i s  normalized 

) from the SASP arm neutral axis. A typ ica l  

i s  three meters; the values i n  the f i r s t  column for each payload 

can be mul t ip l ied  by three t o  obtain r e a l i s t i c  LOS errors. 

y L o S w  Lincof-Sight 

Payload @? Disturbance Torque is 
Td = (AIL& (ML) 

KTD 
1 

Magnetic Suspsnsion Not Modeled 

Acceleration 
Perpendicular to 
Line-of-Sight (ALL& 

'Accelerometer Package for 
Acceleration Disturbance 
Feed Forward Compensation 

I .  

-. .. 

Figure 2.7.3-2 Pnint ing I ys tem Acceleration 
D I sturbance Model 
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Figure 2.7.3-3 AGS* LOS Disturbances Due t o  a 34 Nom** 
Payload D Torque ( 0.15 Arc Sec) 

Note the LOS er ror  un i ts  are arc-sec and the t igh tes t  payload point ing 

s t a b i l i t y  requirements i s  5 X arc-sec (AOI-2, Figure ACS-1). Another 

point  o f  in te res t  i s  that  the quiescent capabi l i ty  of the ASPS i s  10'' arc-sec. 

Therefore, most of the values on t h i s  chart are well  below experiment require- 

ments o r  below the "noise leve l "  o f  the aux i l ia ry  point ing systems. 

Some exceptions exist ,  however. The LOS error  for payload C and second 

torsio,> mode i s  0.15 arc-sec (assuming,[ = three meters). Also, the four th  

tors ion mode and f ir .1. bending mode resu l t  i n  LOS errors which are above the 

AGS "noise". 

because o f  the s impl i f ied f l e x i b l e  dynamic model used.) 

(The accuracy o f  these higher frequency modes i s  questionable 

The resul ts shown here indicate tha t  the inter-payload slewing disturbances 

w i l l  be acceptable t o  most point ing payloads. A few payloads w i th  the most 
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severe performance requirements may impose some slewing res t r i c t i ons  on 

other payloads. In ternal  instrument motion compensation systems may be 

required t o  compensate f o r  other payload slewing disturbances. 

Current I P S  performance with the Orb i ter  indicates potent ia l  problems i n  

the SASP environment. SASP bending modal frequencies are lower than the  

Orb i ter  frequencies and can f a l l  w i th in  the I P S  con t ro l l e r  bandwidth which 

may cause I P S  control  s t a b i i  i t y  problems. 

a 4 Hz structure ra i s ing  the structure frequency above tha t  o f  the IPS. 

However, the SASP dynamic environment i s  expected t o  be much more benign 

than tha t  of the 0 rb i t .w  and the s t a b i l i t y  problems, i f  real ,  solvable by 

softwai e modif icat ion>. 

MDAC b r i e f l y  invest igated 

2.7.4 Thermal Distort ions 

Structural  deformations resu l t ing  from thermal gradients i n  the truss 

structure were aalyzed. Tne analysis assumed a graphi te/epoxy structure. 

A factor  o f  about 100 should be applied t o  increase the thermally induced 

motions f o r  an oncoated aluminum struLlure.  The thermal t ransients associated 

wi th  daylnight-nightlday t rans i t ions  can dr ive f l ex ib le  body dynamics. 

Figure 2.7.4-1 defines the d i f fe ren t ia l  temperature (AT) across the SASP 

arm f o r  an o rb i t .  Assuming the thermal deformation t o  be proport ional tb 

. L T ,  the def lect ion and ro ta t ion  of the end of an arm i s  shown. The condit ions 

are noted t o  the r i g h t  of the graph. The t rans i t ions from orbit-day t o  o r b i t -  

n ight  aod the opposite generate the fastest changing thermal character is t ics  

wi th  the most potentia! t o  d is turb payloads. Transi t ion from orbit-day-to- 

n ight  i s  the worst case since the SASP radiated power-input poksr d i f f e ren t i a l  

i s  maximum. As shown the thermal deformation i s  r e l a t i v e l y  s m a l l  and can 

eas i ly  be isolated by an aux i l i a ry  point ing system. 

68 



SASP Stful Differential 
Temperature Effects Example 

0 Rotation and Deflection at 
Outer End of SASP Cross Arm 

AT 0 435.km Altitude 

0 p Angle of 5 2 O  100 

0 2,000 4,000 6.000 
Time (sec) 

Thermo Generated G-Levels 

0 Transition From Orbit-Day 

0 First Bending Mode Excitation 
Qtesutts in Maximum of 

to Orbit-Night 

106 G’s at 0.5 Hz 

AGS Pointing System Pointing 
Disturbance Less Than 0.01 sec 
Due to Thermal Distortion 

Oraph iWEpq Stn t i  

PalletMSP Tined 40° to 
Sun Line 

Can Isolate Payloads from 
Thermd Deformations 

0 Materids Processing 
Experiments Are Not 
impacted by Thermal 
Deformation Transients 

Figure 2.7.4-1 Thermal Deformation Dynamics 

2.7.5 NASTRAN Model and Structural Damping 

T4e detai led NASTRAN model iden t i f ied  the f i r s t  crossarm bending mode occuri ng 

a t  about 0.2 Hz. This i s  somewhat lower than the 0.55 Hz mode used i n  def in ing 

the dynamic environment. 

not s ign i f i can t ly  influence the conclusions reached. 

However, t h i s  small dif ference i n  frequency should 

Results o f  the N A S T W  analysis were employed t o  i den t i f y  the impact o f  

structural  damping. Potential improvements were i den t i f i ed  f o r  even l o w  

levels o f  damping. Refer t o  the structures section f o r  the NASTRAN model 

definit ion, the mode shapes and the damping discussion. 

2.7.6 Torque Shaping 

F.s previously ident i f ied,  the largest contr ibutor t o  point ing errors during 

the experinlent operations, i s  AGS torque from slewing payloads. These w i l l  
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be l i m i t e d  by constraining the magnitudes and shaping the  torque h i s to r i es  

t o  minimize the induced st ructura l  responses. S imi lar  constraints should 

also be applied t o  the PS ACS t o  l i m i t  i t s  contr ibution. See the ACS 

discussion i n  Section 4 f o r  fu r ther  deta i ls .  

2.7.7 Point ing Er ror  Budget 

The po in t ing  errors  shown on Figure 2.7.7-1 are components o f  t he  t o t a l  po in t ing  

e r ro r  t o  the payload. The j o i n t  indexing e r r o r  o f  0.2 deg was chosen t o  

be s imi la r  t o  the best capab i l i t y  of the Reference PS (0.3 deg) t o  provide 

a balance i n  the PS and SASP er ro r  contr ibutors. However, since the PS 

e r ro r  can reach two deg i n  the worst case, the PS dominates the worst 

accuracy number. The PS er ro r  can be measured and avai lab le t o  the payload 

by using payload-provided sensors o r  sensors mounted d i r e c t l y  t o  the SASI]. 

This l a t t e r  option i s  not current ly  par t  o f  the SASP bu t  may be desirable, 

especial ly if none of the point ing payloads on a pa r t i cu la r  SASP have sensors 

sui tab le f o r  a t t i  tude determination (e.g., earth mapping instruments). The 

SASP er ro r  sources were added ( ra ther  than RSS'd) since they can a l l  add a t  

cer ta in  f l i g h t  times. The p a l l e t  thermal er rors  are T3D but  cursory analysis 

indicates tha t  deformations cr'r be large compared t o  a graphite/epoxy SASP. 

The Reference PS contr ibutions are the largest  errors. This i s  p a r t l y  due 

t o  the aluminum st ructure and p a r t l y  t o  lack of data. The Power System 5 arc- 

min s t a b i l i t y  value resu l ts  from the previously described dynamic response 

( r i g i d  body) t o  a fu l l -on AGS gimbal torquer but  w i th  con t ro l l e r  damping 

included. 

The f l e x i b i l i t y  value (0.5 arc-min) also comes from the dynamic response 

analysis and corresponds t o  the second tors ion mode motion a t  P /road D. 
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i No Auxlllary Pdntlng System 

Error Source Accuracy ( f am mln) Stablllty (t am mln) 
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1.98 - 1.n F m  Play 
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Thermal 0.38 - 1.26 
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1.98 - 1.77 - 
3lE3Hh 
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Mounting 
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POWER SYSTEM 
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FLEXIBILITY (DYNAMICS) 
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Gimbal Toque 
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'"34 N-m Pointing System Torprn 

Figure 2.7.7-1 SASP Point ing Error Budget 

The RS' x u l t s  show that the PS dominates the accuracy errors and SASP 

domina+ 

suck 

the s t a b i l i t y  errol.s. The rotary  j o i n t  servo could be designed 

. ~t was very stable (e.g.l 110 back dr ive) which would reduce the 

s i x  arc-min value to  essent ia l ly  zero. Auxi l iary point ing systems (APS) 

can improve the point ing performance signi f icant ly.  The 0.15 arc-sec 

s t a b i l i t y  value i s  based on Figure ACS-15 and a 3 m lever arm. The 121 

arc-min accuracy value should be acceptable wi th  the L i za t ion  o f  aux i l i a ry  

point ing systems as long as the i r  target acquis i t ion volume :so l id  angle) i s  

greater than 121 arc-min. Some non-gimalled payloads may require a bet ter  

accuracy and inclusion o f  addit ional sensors on SASP. 
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2.7.8 Sumnary 

Current analysis resul ts  on I P S  indicate control system s t a b i l i t y  problems 

ex is t  f o r  point ing systems. ?;,e NASTRAN modal analysis o f  a SASP configuration 

(documented herein) shows many frequencies below the 1 Hz which has been 

mentioned as a bandwidth goal f o r  the I P S  and AGS. Thus, potential s t a b i l i t y  

problems must be a consideration. The expectation that the SASP disturbance 

environment i s  much less severe than on Orbiter leads t o  the conclusion that  

SASP point ing system bandwidths can be reduced which should help a1 lev ia te  

the problem. Designed-in structural damping current ly  appears t o  be 

feasibie and w i l l  re l ieve the s t a b i l i t y  problem. Modlfications and improvement 

t o  point ing system design also could prove beneficial. 

Simultaneous operation of more than one point ing system could ?ead t o  

composite control system s t a b i l i t y  problems o r  performance degradation. The 

point ing systems couple i n  a closed-loop manner through the structure. An 

executiwe control system con-;:+ i s  a potent ia l  solution. 

The SASP disturbances car ke ' ,rLi 'r reduced re la t i ve  t o  the Orbiter 

disturbances by l i m i t i n g  the point ing system torque lnagnitudes and shaping 

the torque h is tor ies t o  minimize the induced st ructura l  f l i g h t  responses. 

The dynamics e f fo r t  t o  date has considered only "open-loop" APS responses 

t o  SASP motions. 

AGS LOS responses t a  various disturbances . A subject of in te res t  i s  the 

optimization of the torque command h is tory  f o r  a given maneuver " 3  minimize 

the e x c i t a t i m  of the f lex ib le  modes. The simultaneous operation o f  more than 

one point ing system should be analyzed. The basic s t a b i l i t l  o f  the combined 

system may be impacted as well as the point ing system performance. 

Further work i s  needed t o  determine the "closed-loop" 
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More de ta i l  de f in i t ions  o f  vehicle o r ien ta t ion  requirements are needed w i th  

r e a l i s t i c  operational scenarios so tha t  a t t i t u d e  control  system s iz ing  can be 

firmed up. Accuracy constraints on or ientat ions are needed aiong w i th  

o r ien ta t ion  hot d durat ion requi rements . 

I n  order t o  preclude PS a t t i t ude  control  system s t a b i l i t y  problems a prel iminary 

reqllirement was imposed on t h t  SASP structure tha t  stated there be an order 

o f  magnitude frequency separation between the ACS and the largest  s t r u c t w a l  

bendi,ig mode -fnA 0.1 Hz. The resul tant  s t ructura l  designs a l l  met t h i s  

requ i remen t . 

2.8 ORIENTATION 

Platform on-orbit  or ientat ion and conf igurat ion design are interdependent. 

Given a design the or ien ta t ion  select ion(s) i s  driven b j  t ha t  design and 

vice versir. A f l ex ib le  approach t o  o r ien ta t ion  has been adopted t o  minimize 

platform complexity and preclude sophist icated hardware design soluticl:s 

that  might resu l t  from adopting a s ingle or ientat ion.  

Figure 2.8-1 enumerates the factors that  impact o r ien ta t ion  selection. The 

evolut ionary SASP conf igurat ion growth when combined w i th  the var ie ty  o f  

experiment viewing direct ions and the desire t o  f l y  d i f f e ren t  mixes o f  

experiments on separate missions lead t o  f l e x i b l e  posture where or ien ta t ion  

i s  both selectable and changeable maximizing responsiveness t o  mission/experi- 

ment requirements. A shopping 1 i s t  of or ientat ions (not exhaustive) i s  

presented i n  Figure 2.8-2 w i th  some recowendations for a var ie ty  o f  misstnns 

and configurations. Singl ing out an example ; the dedicated earth viewing 

mission on the 1s t  Order Platform might hav? three earth p o i r t i n g  payloads 

operating simultaneously each on a separate mini-arm. I n  the recotmrmended Z 4 . V  

or ientat ion ( rad iator  pointed toward the Zenith) each o f  the pa.yloadc i s  
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Figure 2 . 8 4  SASP Orientat ion Options 
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pointed i n  the -Z d i rec t ion  (toward the nadlr)  f u l f i l l i n g  the d i rect ional  

experiment requirements. 

Achieving maximum f l e x i b i l i u  i n  Orientat ion select ion does not however conk? 

free. Figure 2.8-3 shows the impact o f  Beta Angle (angle between the o r b i t  

plane and solar vector) on e l e c t r i c a l  power avai lable to SASP. The X-POP, 

Y-PSL or ien ta t ion  can provide the f u l l  power potent ia l .  For a Z-LW, Y-POP 

or ien ta t ion  power varies f r o m  the f u l l  potent ia l  a t  zero Beta t o  zero power 

a t  90°. Conversely, power varies f r o m  the f u l l  potent ia l  a t  90' t o  around 

8 kW a t  zero Beta f o r  the Z-LV, X-POP orientat ion. Con&ining these Z-LW 

orientat ions by ro ta t i ng  f rom Y-POP t o  X-POP as Beta increases from l o w  to 

high values provides a m nimum o f  22 kW. Thermal d iss ipa t ion  evidences 

s im i la r  trends. 

potent ia l  that should be further explored. A Z-LV, Y-PSL or ien ta t ion  

provides f u l l  power w i t t  continuous earth pointing. Preliminary investigations 

indicate the CMG torque l im i ta t i ons  may not allow the body rates t o  exact ly 

provide t h i s  o r i e n t a t i o i  but could come very close. Earth point ing FOV's 

would ro ta te  a t  variable rates about the nadir. The acceptab i l i t y  o f  these 

factors needs t o  be evaluated.) 

(One as yet  unmentioned or ien ta t ion  presents an i n te res t i ng  

This discussion hac, not distinguished between pr inc ipa l  and geometric axes 

when re fe r r i ng  t o  oi ientat ion.  From a controls viewpoint i t  i s  qenerally 

desirable t o  o r i en t  about the pr inc ipa l  axes t o  minimize CMG desaturation 

requirements. However, f r o m  a payload viewing standpoint o r ien ta t ion  

should be about the geometric axes. By example, i n  a Y-PSL or ien ta t ion  i f  

the Y geometric axis i s  displaced f rom the Y pr inc ipa l  axes by more than 0.5 

degree and the pr inc ipa l  axis o r ien ta t ion  i s  employed, the EO-1 solar viewing 

sensor w i l l  not have the sun w i th in  i t s  Field-of-View. 

be ,wrformed i n  t h i s  area. 

Further work should 
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Figure 2.8-3 Power Avai lable 

2.9 ACCELERATION LEVELS 

As defined i n  Section 2.1, Materials Processing and L i f e  Sciences place 

accelerat ion l i m i t s  on SASP operations. The t la ter ia ls  Processing class o f  

experiments imposes themore s t r ingent  requirement; e 1 x 9's. This 

constraint  i s  the design dr iver.  I n  the operation of the Platforin t h i s  

constraint  helped dr ive  the reboost in te rva l  t o  90 days t o  minimize interference 

wi th  the Materials Processing experiment. 

environment f o r  the 1s t  Order Platform i s  presented. 

I n  Figure 2.9-1 the accelerat ion 

The r i g i d  body l i nea r  accelerations a t  the outer ends o f  rear  and side pa l l e t s  

f o r  a Sortie-Combo and a Free-Flyer conf igurat ion are shown for  several 

disturbance sources. The aero drag var ia t ion  i s  due t o  diurnal  bulge 

atmospheric density var iat ions and the o r b i t a l  var ia t ion  o f  the projected 

area perpendicular t o  the ve loc i ty  vector. A so lar  a c t i v i t y  o f  150 x 

w a t t  /sec (nominal 1991 solar maximum) and an a l t i t u d e  of 435 km was assumed. 2 
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Figure 2.9-1 Disturbance Accelerations 
f o r  F i  rst-Order Platform 

The o rb i ta l  mechanics and maneuver g-levels are higher for the Sortie-Combo 

configuration because the distance from the c.g. i s  greater. 

Payload slewing and CI4G disturbances vary because the moments-of-inertia vary 

f r o m  axis t o  axis. The 34 NM ASPS disturbance torque corresponds t o  the 

maximum gimbal moment capabi l i ty  for APSIS* being considered. Note tha t  f o r  

the Free-Flyer configuration the 34 NM disturbance resul ts  i n  g-levels i n  

excess o f  the 

slew acceleration l im i ta t ions  w i l l  be imposed. The CMG torques correspond t o  

Skylab data. The typical  value i s  an estimate based on the fac t  tha t  Skylab 

operated w i th  a torque l i m i t  o f  55 N-M (1  deg/sec gimbal ra te  l i m i t )  during 

most o f  the l a t e r  f l i g h t .  

g materials processing requirement so tha t  some payload 

It was assumed tha t  short term osc i l la t ions  required 
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25 percent o f  the l i m i t .  Momentum management maneuvers (occuring several 

times per o r b i t )  reached the 55 NM l i m i t ,  however. Therefore, the SASP 

a t t i  tude control and momentun: management schemes used during low-g operations 

w i l l  be special ly designed for the low-g mode t o  achieve the g requirement. 

The Orbiter disturbances exceed the requirements threshold from a materials 

processing viewpoint. The small Orbiter thrusters (VRCS) resu l t  i n  well over 

the 10-5g requirement. Even minimum crew disturbance levels appear t o  exceed 

the 10'5g requirement. For t h i s  study, materials processing experiments were 

issumed t o  be performed only i n  Free-Flying modes. 

Figure 2.9-2 presents corresponding data f o r  an Extended 2nd order configuration. 

The larger i n e r t i a  o f  the configuration reduces somewhat the acccleration due 

t o  torques. However, the ASPS 34 N-M torque s t i l l  causes acceleration levels 

greater than 10-5g's. Torque shaping cal led for  i n  the 1st  Order Platform 

w i l l  also a l l e v i a t e  t h i s  condition. 

*Auxi 1 i a ry  Pointing Systems 
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2.10 PLATFORM SIZING 

Early i n  confjguration development i t  was recognized that  certain payload 

dirmnsions (e.g., antennas, tethers, etc.), could lead t o  payload/Power 

System col l is ions unless care was exercised. Consequently, pwload 

maximum dimensions were analyzed t o  determine how configuration dimensions 

such as berthing por t  separations and standoff clearance between the Power 

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

Platform s iz ing requirements were developed and are sumnarized i n  Figure 2.10-2. 

These re f l ec t  the Orbiter payload bay constraints, the desire t o  avoid payload- 

to-payload and payload-to-solar array interferences, the desire to sa t i s f y  

the maximum number o f  candidate payloads and the aesire f o r  both configuration 

comnonal i ty and growth capabil i ty. The i n i t i a l  assumption was tha t  e i ther  

gimbal locks o r  software programing could avoid interferences; however, 

frequent payload loadin j  changes would make t h i s  approach subject t o  frequent 

change and possible safeguard fai lure. Consequzntly, a* . l ys is  focused on 

selecting a payload length l i m i t  which would assure payload/Power System (PS) 

clearance. Subsequent study should re-examine t h i s  decision as Platform and PS 

designs are fur ther  developed and representative payload requirements are 

affirmed. 

A cumulative payload percentage with maximum dimension equal t o  o r  less than 

a given value was developed t o  see i f  a log ica l  standoff distance could be 

determined. These resul ts are p lo t ted i n  Figure 2.10-3. The curve has a 

logri thmic sca'e f o r  payload length and i t  i s  evident that  required standoff 

distances increase rap id ly  above the 10- to 12-meter size while percentage 

capture increases slowly. Figure 2.10-4 i l l us t ra tes  t h i s  point  more c lear ly  

and a 12-meter payload size (83% capture) was selected. As can be seen the 
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next larger payload i s  18 meters i n  length and represents a two percent 

increase i n  capture percentage. The 12 meter payload size permits the stand- 

off structure t o  be r i g i d  (non-deployable) so tha t  structural  free play could 

be minimized, the outer surface could be used for ground-installed radiators, 

and cost minimized. Figure 2.10-4 also i l l u s t r a t e s  tha t  a s ign i f i can t  number 

o f  payloads should be flown i n  a t r a i l  arm locat ion t o  avoid the potent ia l  

solar array interference present with the cross arm mounting. These larger 

payloads are given fur ther  de f i n i t i on  i n  Figure 2.10-5. It can be seen tha t  

a l l  could be flown on the configuration sham i n  Figure 1.5.2-2; however, 

platform or ientat ion must be rest r ic ted t o  an airplane mode (e.g., 2-LV) w i t h  

l i m i t s  imposed on cross arm rotat ion. Some of the payloads (e.g., SOI-3, and 

SP-5) would be candidates for  solo f l i g h t  due t o  payload interference wi th  

a l l  the cross arm positions. 

With selection o f  Platfovm/PS standoff requirements were established f o r  

docking port separations. These are sumnarized i n  Figure 2.10-6. In terpor t  

distances were analyzed fo r  payloads on the same arm and pointed towards one 

another. The l i m i t i n g  case occurs w i th  payload gimbal angles o f  30 t o  60 

degrees. As ident i f ied i n  Figure 2.10-6 the l i m i t i n g  case occurs f o r  the 

Astronon\y/High Energy physics payloads wi th  the four largest payloads ( 12 meters) 

as indicated. A t  a por t  separation of 13.2 meters, AOI-1 and AMP-3 can 

be flown together without r i s k  of co l l is ion.  Thus, payloads HElO/11 and A O I - 1  

cannot be flown on the same arm unless gimbal t ravel  i s  constrained. 

The l im i t i ng  case for abutting arms occurs wi th ce lest ia l  and earth viewers. 

A distance of 9.53 meters (see Figure 2.10-1) w i l l  assure adequate clearance 

between AOI-1 and R-34 (Soi l  Moisture Radiometer). No problems w i l l  be 

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

0 Fit Plattom Into Payload Bay With OMS Kit and Docking 

0 Prevent Collision Betweem Fayioads and Solar Arrays 
0 Prevent Collision 8e-n Adjacent Payloads 
0 Satisfy the Maximum Number of Payloads 
0 Minimize Structural Free Play 
0 Maintain Commonality Between Configumtlon Options 
0 Maintain Growth Option 

Adapter (1 3.4 Meters) 

. 

Mulmum Envetope Wlth Docking 
Modub and OMS Kit 

Figure &. 10-2 Platform Sizing Requirements 
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Figure 2.10-5 Payloads Requiring a T r a i l  A n  Configuration 
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array would be flown e i the r  pa ra l l e l  t o  o r  normal t o  the cross arm without 

a gimballed point ing system. 

I 
Distance (m) 

Assuming t h a t  a t r a i l  arm configuration may be developed f o r  the lawe ;  

payloads (see Figure 2.10-5) i t  appears tha t  a 13.2 meter in terva i  ',iKixfmb : 

would be appropriate. This i s  based on the ra t iona le  tha t  other psyloads 

should be able t o  f l y  t h i s  configuration w i th  minimum constraints as wel'i as 

Poreentaw ol Paytoad Lengths Accomm~dsd'  
(Lengths: 38Xr3m, 26% 3-5m. 17% 5-12m. 7%18-2Om, lO(Ka2h) 
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the nine oversized payloads. 
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Figure 2.10-7 summarizes the s iz ing features and s e n s i t i v i t i e s  of the selected 
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Figure 2.10-7 Second Order Platform S ize  Sens i t i v i t y  
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2.10.1 Platform Shaping 

An extensive evaluation Wac made of numrous approaches t o  basic platform 

shape. Figure 2.10.1-1 i l l u s t r a t e s  the candidates studied. The conclusion 

reached from t h i s  analysis i s  that  the "Horizontal Tee" configvration and 

subset o f  it, "Trai l  Amo1 and "Cross Arm", have superior capabi l i t ies when 

employed with the Reference 25 kW Power System. Figure 2.10.1-2 l i s t s  some o f  

the c r i t e r i a  appl ied i n  the configuration selection process. 

Figure. 2.10.1-1 Configurations Evaluated 
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Figure 2.13.1-2 Selection Cr i t e r i a  

2.10.2 hers ized Pay1 oads 

A number o f  candidate payloads are c lear ly  ';oo large f o r  j o i n t  f l i g h t  w i th  

others on the size-class o f  ? l a t f o n  being addressed i n  t h i s  study. They are 

l i k t o d  i n  Ficiure 2.10-2-1. These payloads, therefore, were relegated t o  

accomdat ion on the :large) Advanced SASP studies under a pa ra l l e l  contract 

f o r  LARC/MSFC, as i l l u s t r a t e d  i n  Figure 2.10.2-2. 
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'DROPS IZE 
"DROP-ALT ITUDE 

Figure 2.10.2-1 Oversized Payloads 
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- OrmA LARGE P I W L O  

Figure 2.10.2-2 Advanced Science and Applications Space 
Platform Concept Study 

2.7 1 FIRST ORDEi7 PLATFORM DEVELOPMENT 

Using the Power System with only minimal additions as an early, low cost 

Platform merits consideration. The evolution o f  those additions necessary 

t o  make th i s  operating mode viable for viewing experiments i s  discussed i n  

the fol lowing paragraphs. 

2.11.1 Requirements 

The set o f  requirements employed i n  the development o f  the uesign are: 

0 PerPnlt simultaneous viewing I n  three direct ions 

0 Payload viewing direct ions are Solar, Earth, Anti-earth, Gravity 

Gradient, Celestial , and Magnetic 

0 Power System Orientations as needed 
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0 Durations - 3 t o  4 months 

0 PS subsystem/payload service compat ib i l i ty  

0 Preclude co l l i s ions  between payloads and between payloads and PS elements 

0 Minimum t rans i t ion  f o r  payloads from Spacelab Sor t ie  Mode (see Figure 

2.11.1-1). 

Spacolab Payload 
Converted lrom 
?-Day to %Month 
Fllqht Capability 

Subsystem Coldplate DatalCommunicatlons 

Handra I I 

Orapple Fltting 

Platform Interface 

0 PayloadfPollet Intertaco 

Power 

Thermal 

PlattomJPallet Adrptions 
0 Add RMS Grapple Fitting 

Caution and Warning to 
Orblter Ourlng Ascent 
Minor Utllitlee 
Routed to Orblter 
Thru SASP Umbilical 
Internal Pallet 
Wiring to SASP 
Umbilical 

Figure 2.11 . l -1  Minimal Transit ion f o r  
Payload/Pal l e t  Interface 

2.11.2 Configuration Options 

The options considered were: 

1. Pal lets bottom modnted d i rec t l y  t o  the PS ( f ixed) .  

2. Pal lets end-mounted to  the PS ( f ixed).  

3. Pal lets bottom mounted d i rec t l y  t o  the PS (rotatable).  

4. P a l l e t s  end-mounted to  the PS (rotatable). 

5. Pal lets bottom mounted t o  mini-arm (4-posit ion f ixed).  

6. P a l  l e t s  bottom mounted t o  mini-arm (4-posit ion comnandable). 
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Details o f  these opt 

requirements quickly 

. t o  the Power System. 

an experiment sensor 

ons can be found i n  Section 4. Employing the viewing 

elimtnates Options 1 and 3, with pa l l e t s  bottom mounted 

For the PS ports o f  in terest  (+Y, -Y, +X, and +Z) and 

mounted on the p a l l e t  looking out (Option 1) there i s  

major FOW obscuration fm the +Z, +Y, and -Y ports, leaving only the +X 

por t  as a viable viewing candidate, Adding rotation, Option 3 provides no 

benefits only ro tat ing the instrument FOV about i t s e l f .  

2.11 :3 Payload Interference - 
For the reference PS design interference w i l l  ex i s t  for pqyload/pallets that  

are d i rec t l y  mounted on the PS ports. This interference occurs between pal le ts  

and any payload overhang w i l l  aggravate tne problem. Figure 2.11.3-1 

i l l u s t r a t e s  the basic interference problem. 

Figure 2.11.3-1 Payload Interference - End Mounted 
Rotating Pal  l e t  Configuration 
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The +Z por t  poses a potent ia l  c o l l i s i o n  r i s k  with the PS rad ia to r  unless the 

payloads e i the r  are constrained t o  deny viewing i n  the +Z direction o r  

l im i ted  t o  prevent gimballed payloads from v i w i n g  i n  the  +L di rect ion.  

ef fect ,  the +Z docking por t  has greater interference r i s k  than do the +X 

o r  - +’! ports. 

of the +Z por t  as addi t ional  payload requirements emerge for f l ight  on the 

F i r s t  Order Platfonti. 

In  

I t  i s  recommended tha t  fu r ther  study be given t o  the s u i t a b i l i t y  

2.11.4 Viewing Comparison .- 

Quant i ta t ive comparisons were made between the f ixed and on-orbi t  commandable 

pa l l e t s  mounted on mini-arms. Figure 2.11.4-1 i l l u s t r a t e s  the resu l ts  o f  t h i s  

comparison. 

i s  shown f o r  both options. As shown the f l e x i b i l i t y  provided by the  commandable 

four-posi t ion concept i s  c lear ly  superior (more than double tha t  por t ion o f  the) 

sky that  an instrumect can view) and approaches, i n  cer ta in  s i ’ .  ations, t ha t  

v i s i b l e  fmw. a dedicated spacecraft. (Assumptions include: 15 degree 

exclusion zone about earth, and a l l  platform elements, and a 60 degree gimbal 

capabi l i ty .  Shaded areas ind icate continuous v i s i b i l i t y ;  a dashed-boxes 

obscuration by the earth over a por t ion of the o rb i t .  Lower p lo t s  show 

schematically how viewing from each mini-arm varies over the o r b i t  period.) 

Percent of the ce les t i a l  sphere v i s i b l e  a t  any ins tan t  i n  time 

2.11.5 Configuration Selection 

From the preceding analyses the fol lowing conclusions were drawn. F i r s t ,  t ha t  

standoff structure i s  required t o  preclude interference of ro tatab le pa l l e t s  

and second, tha t  comnandable mu1 t i p o s i t i o n  p a l l e t  viewing i s  c lea r l y  superior 

to  f ixed p a l l e t  viewing. HDAC selected the three-posit ion ro ta t i on  Plus hinge 

(4-posit ion) over a f u l l y  rotatable capabi l i ty  w i th  hinge t o  reduce both 

c o s t  and complexity while s t i l l  providing the required viewing capabi l i ty .  
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Commendable Miniarms Enhance Visibility 

30 30 

10 1 0 1  - 
0 0 

Orblt Period orbit Period 

Figure 2.11.4-1 1st  Order Platform V i s i b i l i t y  - I 1  

To resolve the intecference problem and t o  provide both ginha1 and hinge 

movement requires a standoff structure about three meters long. Each mini-arm 

usee a single three meter segment o f  the structure designed f o r  the 2nd 

Order Platform. 

2.11.6 Bottom Versus End Mounting 

The trade f9r pa l l e t  mounting (end, bottom, o r  side) i s  reported i n  Section 5 

and bt,:tom mounting was selected. For convenience, the pros and cons f o r  

Jttom and end mounting are updated and repeated here. (These considerations 

d id  not consider the implications o f  a hinge.) 

END MOM BOTTOM MOUNT 

Pros - Pro+ 

0 Permits +Z and +X viewing from 0 Mechanical /e lect r ica l  interface 

0 End attachment close t o  current 0 No impact on cargo bay volume 

-I 

- +Y ports- 

umbi 1 i cal 1 oca t i on 

same as Platform 
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- Cons 0 Least weight penalty 

Increases pa l l e t  length, reduces 0 Less thermal d i s to r t i on  er ro r  
Shutt le volume a t  launch 

Structural attachment w i  11 interference 
constrain payload vol ume/space 

0 Minimum standoff needed t o  preclude 

Cons Canti levered support increases - 
" j i t t e r "  and point ing er ro r  
due t o  thermal d i s to r t i on  0 Interface i s  sma 

interface 
l e r  than Orb ter/PS 

Heaviest structural  interface 

90" hinge s t i l l  required t o  assure 
mu1 t i p l e  point ing capabi 1 i ty. 
Hinge can lead t o  i n te rpa l l e t  
interference. 

0 Need remote TV viewing o f  pallet/PS 
interface during docking 

0 Requires 90" hinge t o  assure mul t ip le  
poi n t i  ng capabi 1 i ty 

I f  used f o r  2nd Order Platform, 
e f fec t i ve  standoff t o  solar 
array i s  reduced. 

A 1.6 meter standoff i s  needed 
t o  prevent interference during 
rotat ion.  

Based on review of the abave, the bottom mounted p a l l e t  decision i s  affirmed. 

2.11.7 Evolution and Growth 

The recomnended Payload Support Berthing arms can be used w i th  the Second 

Order Platform e i ther  a t  the PS docking ports o r  as s impl i f ied t r a i l  arm 

positions. Subsequent study should consider making the arms capable o f  

or ientat ion a t  any angle of ro ta t ion  wi th  a - +180° capabi l i ty .  Mechanical 

gimbal stops could be incorporated when used on the PS. 

By providing payload rotat ion and second axis hinge movement, the berthing 

arms make minimum impact on Power System services, except for  the recognized 

need f o r  +Y por t  additions. 
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Section 3 
PLATFOW25 KW POWER SYSTEM ANALYSIS 

(Task 3) 

3.1 OBJECTIVES 

The objectives o f  t h i s  task were t o  (1) define the requi-nts which the space 

piatform system elements impose on the 25 kW Power System, (2) determine v i a  

trade studies tbe most cost e f fec t i ve  in te r face  between the two systems, and 

(3)  i d e n t i f y  reconmended interfaces and desirable modifications t o  the 25 kW 

Power System. 

This section o f  the report  f i r s t  presents a summary tabulat ion o f  Interface 

comnents f o r  both F i r s t  and Second Order Platfonns. Following t h i s  are 

indiv idual  subsystem discussions of the subject interfaces. 

3.2 SUMMARY 

Table 3.2-1 provides s m a r y  interface comnents which are intsnded t o  form 

a basis f o r  discussions between the Power System and SASP organizations. 
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1st Order Platfocm 2nd Order Platform 

lEiiq 
rn Provide 25 kW 30 and 120 VDC at 

Consider Adding Higher Power 
One o? the y Ports 

Capacity at One y Port for Unique 
Applications 

the 2 y Ports 

Conductor from Miniarms 

Provide 6 kW 30 and 120 VDC at 

0 Te;XiK$:C EqZipRen! s:CU??dil??g 

Consider Means to Bypass 120 VDC 

rn Consider 12.5 and 25 kW Options 
Providc a Third lsolalable 120 VDC 

Terminate Equipment Grounding 

Regulator 

Bus Interface 

Conductor from Plalfr>rm Support 
MdOu!a 

I Thermal Control 1 
Provide Thermal Services to t y 
Ports (Pumps in PS) 

rn Performance Characteristics of PS 
Payload Heat Exchanger and Temp 
Control Logic Needed 
NASA Alternatives to Freon 21 

rn NASA-MSFC Work on Disconnects 

rn Additional Heat Rejection Capability 
for Payloads 
Performance Characteristics of PS 
Payload Heat Exchanger and Temp 
Control Logic Needed 

rn Temp Control System Modifications 
for 40'F Service to Life Science 
Payloads 

rn NASA Alternatives to Freon 21 
rn NASA.MSFC Work on Disconnects 

Table 3.2-1 Platform/Power System Interface Comnents 
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I Communication D.~.J 

I- KSA Link Capabblity to 300 NBPS 
hcmaae Capacity at SASP Port to 900 

1- Continuous Channd Capacity to 

Increase Data Storage CepaBility 

Increase KSA Lint Capability to 300 MBPS 

Inc- Continuous Channel Capacity to 

Ttming and Position Data from GPS Am TED 

Capacity at SASP Port to 300 
Maps MBPS 

~ r o r i m a t d y  200 KBPS Apl31oriute;y 200 K W S  

piiixGi] 
0 Low4 Altitude Control Mode 

PS Structural Dtstortmn? 
polnting Reterence Coordination 
Berthing Alignment Accuracy 
Control System Bandwidth? 

provide * y Ports 
Mechanical/FunclionaI Intartaces 

Olbitar Berthing -pier to Provide 
A-SS to All N W S S ~ W  PlOS 

LOw-0 Attitude Control M& 
PS Structural Distorlton? 
Pointing Reterence Coordlmtion 
Eierlhing Alignment Accuracy 
Control System 8andwlduI? 
Supplemental Control Versus Axis 

a Cooperative Contm) Between PS. SASP. 
Skemng 

and Pointing System Computers 

YechsniCal/CUnCtbnal Intertam 
Telescoping Boom 01 Equivrknl lor 
Orbiter Berthing and Sentclng 

Table 3.2-1 Platform/Power System 
Interface Comnents (Continued) 

3.3 SUBSYSTEM DISCUSSIONS 

Figure 3.3-1 l i s t s  the subsystem capabi l i t ies  inherent i n  the reference 

Power System used i n  t h i s  study as defined i n  the NASA/MSFC document, same 

t i t l e ,  PM-001 (preliminary). Figure ?.3-2 i l l us t ra tes  the two basic Power 

System operating configurations f o r  platform u t i l i za t ion ,  namely, 12.5 and 

25 kW sizes. 

3.3. I Power System Interface 

3.3.1.1 Power Interfaces Requirements 

The 1st  Order Platform introduces requirements f o r  a 25 kW average power 

interface capabi l i ty  a t  both 30 VDC and 120 VDC a t  the PS +Y, -Y, and +X 

docking ports. These requirements are driven by the Materials Experiment 

Carrier (KC) which can dock a t  arly one of the three ports. Based on Power 
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STAOILIUTION AND CONTROL 
0 PolnUng Control 

- staw~~ty -1 mTn ai emt 
0 Mm-rlng - 50 oeQ/MhbFmo Max) 
e L o w 9  Envlmnment - 10' - 104 g'r - Oeponbr on Paylord Locrtl#r 
e Odmmkn Mold - 1~800 RLbSIc Momentum 

Storam Cmpnblllty ( M a )  - '" o.uhnrHon &*bItCO 

POWER 
e s kW MWmum conUnuour 
e 28 md 120 VOC 
e Peak Lard CapabNlty >25 kW 
0 Qrowtk 50 kW 
e l n m m s n t  12.5 kW 
e Single Polnl 

Reference Gwnd 
e Bur Ourcvolhge 

Protection 

- Atcunty 0.3. to 4. 

DATA AN0 COMMUNICATIONS 
THEAbUL CONTROL e 50-100 MBPS per PoylOId pot( M8gne* Toquem 

e 223 NBPS Total (Slngb Access) 
46 Tohl (Multlpb -1 - 10-16 kW 68 25 kW eo*rsr m k ~ p s  ~ w (  - 13.5 - V.5 kW for Hl@h R8te khtttlpk.lng 

e L1mH.d Colnpubtlonrl 0 W8bht * l u w  (% IrHI) 

0 Heal Relectlon 
(Bela Anglo Dependemt) 

mu m m a  lor Caorlrrg Eqwl 
CmpablINy tor Payload 0 DlmeMlom lo Power Outpul 

Lower Power Oulpul - Wlh (SOW Panels) 8 80 m - HelQht 8 20 m 
- H1gh.r H M  Reirtuon at supPo,, 

e 4 Axbl thrwhn at 

0 8 ACS T h r u a l  at - F m N  (R-l MO~UI.) - Alt End 
0 M o n o p m p d b M H m  - A f t t o g  
0 -1,100 Ib Uublo Propelknt - Gravrlh: 0- each aldo 

- m g l h  * 13 m REBOOST MODULP 0 3 Fluld lnkrhtn 
e Tornoemtun Conbd e8.rlhlngpanr 

f - Aft BO- (-) 40 Ib .reh 

7.1 lb ..eh 

at 60°F to Payload 

Figure 3.3-1 Reference Power System Description 

Figure 3.3-2 Platform U t i 1  i t a t i o n  Modes 
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System posit ion (PMCCP) peak power capabi l i ty  required a t  each por t  i s  35.3 

kW @ 30 VDC and 36.0 kW @ 120 VDC. The l a t t e r  re f l ec ts  the indicated 

potential power capabi l i ty  versus the rated capabi l i ty  o f  27 kW and, therefore, 

should be considered as a desired capabi l i ty  rather than a hard requirement. 

The requirements f o r  the +X docking por t  are also driven by provision f o r  

growth t o  the 2nd Order Platform. I n  t h i s  case, the capabi l i ty  f o r  36.0 kW 

a t  120 VDC i s  more substantive because o f  the potent ia l  f o r  simultaneous 

high power demands from mult ip le payloads. 

3.3.1 .2 Work Accompl i shed 

Equipment Gmund Bus Interfaces 

This requirement applies t o  the interface with each of the m in i -a rh  i n  the 

1st  Order Platform and t o  the standoff structure interface i n  the 2nd Order 

Platform. The need for  an equipent  ground bus resul ts from the use o f  

graphite epoxy structure (wi th i t s  re la t i ve l y  high r e s i s t i v i t y )  f o r  the 

mini-arms, standoff, and other structural sections o f  the Platform System. 

The high r e s i s t i v i t y  of composite (laminated) graphite epow mater ia l  

r e la t i ve  t o  metal structures such as the aluminum support module f o r  the 

2nd Order Platform makes i t  unsuitable for use as a return path for equipment 

ground fau l t  currents. A low impedance path i s  required f o r  such currents 

t o  assure proper operation of fau l t  clearing devices such as fuses and c i r c u i t  

breakers . 

The required low impedance can be provided by conductors sized to  handle the 

maximum f a u l t  currents. These conductors must be sui tably bonded t o  the 

metal l ic  ground plane used for the primary power s ingle point  ground system 

i n  the PS. 
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3.3.1.3 Consider Means t o  Bypass 120 VDC Regulators 

This c o m n d  derives f r o m  consideration o f  options for  u t i l i z i n g  PS avai lab le 

capacity t o  supply peaking power t o  payloads as covered i n  Task 4, Subsystem 

Trades. The preferred approach t o  supplying high peak power t o  payloads 

served by the Platform i s  by means of peaking bat ter ies provided by the user. 

Bypassing the regulator(s)  might, however, be a v iab le a l te rna t ive  i n  a 

speci f ic  appl icat ion. 

3.3.1.4 Provide a Third Iso la tab le 120 VDC Bus In ter face 

This i s  a recommendation based on providing essent ia l ly  the same f l e x i b i l i t y  

for  bus loading, payload iso la t ion,  and switchable source bus redundancy 

as i s  inherent i n  the 30 VDC three-bus interface. The reference concept 

25 kW Power System provides for three 120 VDC regulators. This proposal 

would u t i l i z e  one regulator for  each OT the three buses t o  achieve bus 

i so la t i on  as required. 

3.3.1.5 Summary of Power System/Platform Interfaces 

Table 3.3.1-1 gives the s ign i f icant  data for  each of the power interfaces and 

equipment ground buses ident i f ied  previously. Note tha t  the peak kW f o r  

t o  two 120 VDC buses t o  the mini-arms i s  36.0 versus 27.0 as discussed 

ear l ie r .  S imi la r ly  the t o t a l  capab i l i t y  f o r  the recomnended 120 VDC 

three-bus interface on the 2nd Order Platform i s  36.0 kW. 

Also note tha t  6 #O gauge wires are specif ied for two o f  the three 30 V 

buses in te r fac ing  with’ the plat form support module. 

t o t a l  o f  8 #O gau$e wires are shown. The large number of heavy gduge wires 

are required t o  sa t is fy  voltage drap l i m i t s  on the longer runs. The 8 #O 

gauge wires are spec i f i ca l l y  required f o r  peak loading of the Orbi ter/Spacelab 

in ter face c i r c u i t .  An option to  providing the f u l l  6 wires o r  8 wires a t  the 

For the t h i r d  bus, a 
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18l ORDER 

WD OROER 
2 
1 

In Bus 
PEAK 

11.0 

- - 
rao - 
11.1) 
11.0 - 

WRESPER Bus 

EOUIFMENT OROUND BUS WIRES ARE SIZED FOR FAULT CURR 
RCOUIREO TO SUPPLY 11.0 KW PEAK TO ORBITER/WACELAB IN7 D 

TMlRD 110 V BUS FOR ZND ORDER MATFORM 18 A RE-E 
120 V BUSES BASELINE0 IN THE 26 KW PbWER S v r m W  REFERENCL .umXCt 

. ~ 4 1  SC 6 VOLTS mlMlM 
9NTolHEm- 

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

PS/Platform interface would be t o  l i m i t  the interface t o  four wires per c i r c u i t  

and i n s t a l l  a junct ion box a t  the PS end of the platform standoff, The 

required addit ional para l le l  wires could be added a t  t h i s  point. 

3.3.2 Thermal Control Subsystem Interface wi th  Power System 

Heat re ject ion capabi l i ty  i s  provided by the reference Power System design 

through a payload heat exchanger. This capabi l i ty  can conveniently be used 

t o  provide a port ion o f  the platform subsystem ana pqyloads cool ing requirements. 

3.3.2.1 Requirements Sumnary 

Power System interface requirements are sumnarited i n  Figure 3.3.2-1. Physical 

interface requirements i n  schematic form are sham on the r ight .  The Power 

System provides accomnodations f o r  three payload f l u i d  cool ing loops i n  the 

form o f  f l u i d  disconnects, a temperature control  valve and a payload heat 

exchanger passageway. The normal temperature control range for the Power 

System i s  60 to  110OF. Pressure drop and f low character ist ics are not ye t  

defined but are assumed typ ica l  for t h i s  type equipment. 
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W L R  8vSTEM ONLY (NO PLATFORM.Wll6 NO 

XPOP. YPsL ORIENTATION 

13.6 kW 

PAYLOIW PROVIDE 
PART OF MEAT 
REJECTION t - 

O o  4 a 12 16 20 w 
ps POWER OUTPUT k W t  

SUMMARY 

0 10 TO 16 kW AVAILABLE AT 

13.5.0 17.5 LW AS'AILABLE 
, 25 kW POWER OUTPUT 

FOR POWER OUTPUT EOUAL 
TO MEAT REJECTION 

SVSTCM PARASITES ARC 
AND MEAT REJECTION FOR 
PAVLOADS INCREASES 

AT POWER BELOW 25 kW. POWER 

SUMMARY 

0 allm NOMINAL TEMPERATURE 
RANOE 

0 THREE FORTS AVVFILABLL 
INCLUDING ORBITER PORT 

Figure 3.3.2-1 Thermal Control Accomnodation 
F i  rst-Order P1 atform Mode 

Power System performance, i n  terms of heat rejection, i s  given on the l e f t  

side o f  Figure 3.3.2-1. Performance i s  a function o f  power level  and beta 

angle. Pest performance i s  a t  low power output when Power System parasf t ic  

loads are low. S imi lar ly  the lowest performance occurs a t  high power loads 

t o  the payload. The minimum performance corresponds t o  the f u l l  25 kW power 

output where heat re ject ton ' s  10 t o  16 kW depending upon beta angle. 13.5 

t o  17.5 kW of cooling i s  avai lable for the case where the Power System re jects  

a l l  power from payloads. 

3.3.2.2 Importanl: Factors and Considerations 

The reference Power System i s  designed t o  receive thermal control f l u i d  a t  

110°F acd maintain a control led 6OoF payload return temperature. This 

temperature range must be compared t o  payload requirements t o  assess the 
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Reference 
Preliminary Payload Element Sc4adulm 
and chsrsctsristics for Space Platforms 
Concepl Studies, Jan lB78, 
Office of Space Science 
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Figure 3.3.2-2 Experiment Temperature and Power 
Requirements Versus Capabi 1 i ty 

acceptabi l i ty o f  the Power System interface. 

Figure 3.3.2-2 gives experiment operating temperature range and average power 

fo r  the experiments l i s t e d  i n  the referenced document. Also superimposed 

on the chart i s  the capabi l i ty  of the Platform i n  terms o f  f l u i d  temperature 

versus power for each docking port. 

A comparison of requirements versus capabi l i ty  shows that  the platform 

performance i s  wi th in  the acceptable operating range o f  the experiments. 

Several very low power experiments ex i s t  which are outside the platform 

range. It i s  believed that  close scrutiny of these experiment requirements 

w i l l  show that platform .;,,.omnodation i s  adequate. 

such as a heater, recirculat ion. . . * . ? I  c i r i c s  can be used for these low 

I f  not, special provisions 

cool i ng 1 oads . 
0 L 



Data l i s t e d  for payloads long Hab i tab i l i t y  Nodule (LHAB) and LS/LAB are 

obviously atmospheric temperature 1 in1 ts.  If humidity control requirements 

o f  40°F are included, i t  can be seen that the platform cooling temperatures 

are 20°F too high. This lower temperature requirement would d ic ta te  a 

supplemental radiator on the Platform o r  experiment modules o r  would require 

a lower set point  f o r  the Power System t h e m 1  control  subsystem. 

The second tnajor payload data source f o r  the study was examined f o r  temperature 

control requirements. This source i s  "Strawman Payload Data for  Science and 

Applications Space Platforms, January 1980, SP80-MSFC-2403", by Teledyne 

Brown Engineering. This data source d i d  not 'reveal any payloads which 

could not be accomdated by a 60 t o  1!0"F temperature range. 

3 . 3 . 2 . 3  Work Accompl i shed 

A comparison was made of various heat re ject ion options which impact the 

Power System thermal control interface. These options include heat re jec t ion  

by p la t fwm radiator concepts, Power System, p a l l e t  located radiators, and 

combinations of these. 

Figure 3 . 3 . 2 - 3  compares capabi l i ty  f o r  these heat re ject ion options and 

combinatlons. Also shown are the typical  requirements for two por t  and four 

port  sustained operation assuming 5 kbl cooling per por t  plus platform subsystem 

loads. Pal le t  f ixed radiator capabi l i ty  i s  not shown singly but amounts to  

2.8 to  3 kW per pa l le t .  

I t  can be seen that the pal lets,  Power System, or  platform standoff radiators 

cannot alone re ject  the required load for  the four por t  requirement. A 

platform design which uses a l l  non-deployable structural  areas o f  cross arm 

plus standoff has ample performance. However, t h i s  concept would require 
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Ftgure 3 .3 .2 -3  Platform Heat Rejection Options 
Performance Comparison 

three separate radiators and controls and does not use Power System capabi l i ty  

which i s  available a t  l i t t l e  penalty 

Concepts using the Power System i n  conjunction wi th  e i ther  pa l le ts  o r  platform 

standoff radiators are adequate fo r  most beta angle conditions. Both o f  

these approaches require a Power System interface which would use the en t i re  

Power System capabil i ty. The choice using a platform radiator versus pa l l e t  

radiators i s  a subsystem trade described i n  de ta i l  i n  Section 4. 

3.3.2.4 Conclusions and Comnents 

A review o f  payload temperature requirements shorn that nearly a l l  payloads 

are sat is f ied  by the Power System interface design o f  60 t o  110°F. L i f e  

Science and manned payloads w i l l  require a 40°F supply temperature which 
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w i l l  require a lower Power Module control tmperaturu! or  a supplemental 

radi  a tor .  

Several a l ternate heat re ject ion options were examined t o  determine the 

des i rab i l i t y  of using the Power System f o r  heat reject ion. The stuay showed 

that the more viable alternatives used the Power System capabi l i ty  i n  

conjunction wi th e i ther  pal l e t  radiators o r  platform radiators. 

an interface i s  required with the Power System thermal control subsystem. 

Theef0i.e. 

3.3 .3  Power System Comnunications and Data Management Interfaces 

3.3.3.1 Overall Requirements Sumnary 

The SASP system concept provides f o r  comnunications between experiments and 

the ground and between the SASP and the ground v ia  the Power System, which 

comnunicates wi th the ground v ia  the Tracking and Data Relay Sa te l l i t e  System 

(TDRSS). Bidirect ional  comnunication capabi l i ty  i s  required to  allow conmands 

and data t o  be sent f rom the ground t o  the SASP and i t s  payloads (forward l i n k )  

and t o  allow sc ien t i f i c  and engineering data t o  be sent from SASP t o  the ground 

(return l i nk ) .  Forward data and comnands are i n  d i g i t a l  form, whereas return 

l i n k  data may be d i g i t a l  o r  analog ( including video). (Analog/video data may 

require conversion to  d i g i t a l  t o  minimize impact on Power System and TDRSS 

comnunication 1 inks.) 

I n  addit ion t o  these comnunications requirements, other data management 

capabil i ties.  including comnand decoding, SASP data processing, experiment 

data processing, data storage, data multiplexing, and timing reference 

generation and d is t r ibu t ion  are required. 

can be allocated t o  the Power System, the SASP, c r  the payloads i n  a var iety 

of ways. 

Implementation of these requirements 

Typical data characterist ics for  single payloads are shown i n  Figure 3.3 .3-1 .  

A dr iv ing reouirement i s  the return l i n k  peak data rate f o r  payloads. The 
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distr ibut ion o f  these data rates i s  shown i n  F i w r e  3.3.3-2. Hdnv Davloads 

also rewire "continuous" return l i n k  data for  Dumoses o f  rea'  time in tmact ive  

experiment control. Typical rates for th is  data i s  50 Kbps or less per 

pay1 oad. 

WidedAnalog Data: < 500 kHr Analog 
1 or 2 Channels Slow&an lV 
Fust-Scan TV -- Some pslllosds 

Acceptable Data 
Delay: Some Oats ( 6 0  KBPS) Real TIme for 

Interactiwe Control - Delays of 
1 Orbit to Semral Hours OK for Bulk 
of Data 

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

liming Reference 
Requirement: lo5 sec Accuracy 

Figure 3.3.3-1 "Typical " Payload Data Characteristics 
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An important requirement of the comnunications system i s  that  i t  be compatible 

wi th the TDRSS. 

operating modes and indicates that  the appropriate mode for Power S y s t d S A S P  

appears t o  be the use o f  one or more dedicated Mult ip le Access .(MA) channel 

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

Figure 3.3.3-3 sunmarires the TORSS capabi l i ty  i n  various 

60IlO9 25Ild 601 10-9 tor  105 VES 

1 - SA TIM€ PER ORBIT ALLOCATED TO SAW 
*.TtS DATA RATES Ma THE D€MuTED TORS 01710N 

UISUUE THAT QWICATIOLE OAOUM M T A  FACILITIES ARE 
AVAILABLE TO 8 ~ s p  Dun- r n ~  MIA M)MP TIME 

Figure 3.3.3-3 T O R S  Ut i1 { ra t ion  Options 

3.3.3.2 Important Factors and Considerations 

The comnunication data rate requirements for SASP are qui te sensit ive t o  the 

payload selection and grouping. As shown by Figure 3.3.3-2 payload return 

l i n k  data ra tes  vary by orders of magnitude. It seems reasonable t o  expect 

that  ear ly SASP payload groups can consist of lower ra te pqyloads than w i l l  

the groups flown la ter .  The Power System Communications and Data System 

must be designed eventually t o  accomnodate rates and 200-300 Mbps. However, 

an i n i t i a l  capabi l i ty  t o  handle lower rates (on the order o f  50 Mbps) may 

be acceptable if the capabi l i ty  t o  grow i s  included. 
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3.3.3.3 Work Accomplished 

The Conrnunication and Data Management capabi l i t ies  o f  the Reference 25 kW 

Power System are s tmar i red  i n  Figure 3.3.3-4. These capabi l i t ies  were 

compared t o  the overal l  requirements that were generated f o r  SASP. Two major 

areas o f  concern were ident i f ied.  The f i r s t  concern i s  that  the Reference 

Power System does not provide for experiment data storage. The implied 

operating mode o f  dumping experiment data i n  real-time i s  not consistent wi th 

TDRSS v i s i b i l i t y  and scheduling constraints. Other studies have indicated 

that TDRSS SA channels w i l l  be overloaded i n  the 1985-1990 time period. 

TDRSS scheduling opportunities for SASP can be improved by stor ing experiment 

data on a high rate recorder. This prcvides scheduling f l e x i b i l i t y  as well  

as a capabi l i ty  to  concentrate a given amunt o f  data transmission i n t o  a 

shorter TDRSS time s lo t .  

Return Link Data Rate: 

Forward Link Data Rate: 

Computational 
Capability: 

Multiplexing: 

Data Stomge: 

223 MBPS Total (KSA) 
46 KBPS Total (MA) 

100 MBPS Max Per Payload Port 

300 KBPS (SSA) 
10 KBPS (MA) 
1 KBPS (Command Decoding) 

Support to Payloads Limited to 
Executiwe Level Control and 
Monitoring 

16 Channels 
16 MBPS Max Per Channel 
48 MBPS Total 

Low Rate (Housekeeping) Data Only 
109 Bits Capacity 

liming Reference: 2 Parts in I@ Per Day 

Figure 3.3.3-4 REF Power System Data Capabflit ies 
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The desired recording capabi l i ty  could be provided by the payloads, by the 

SASP ( fo r  the Second Order Platform), o r  by the Power System. The recomnended 

approach i s  t o  provide experiment data recording capabi l i ty  i n  the Power 

System equivalent t o  that  provided by Spacelab and t o  supplement that  capabi l i ty  

wi th addit ional recording equipment f o r  the Second Order Platform. 

The second concern i den t i f i ed  i s  tha t  mul t ip le  payloads may simultaneously 

require a "continuous" return l i n k  capabi l i ty  o f  up t o  50 Kbps. 

Reference Power System provides a maximum MA return l i n k  data ra te  o f  46 Kbps. 

The potent ia l  requirement (which may be as much as 200 Kbps continuous) can be 

met by using a dedicated TDRSS SA channel. This approach would be an 

i ne f f i c i en t  use o f  an SA channel tha t  w i l l  be much i n  demand by other users. 

The 

An alternate i s  t o  use two o r  more o f  the TDRSS MA channels on a dedicated 

basis. 

separate data streams o f  50 Kbps o r  less tha t  would occupy four (4) TDRSS 

MA channels. This approach, while apparently feasible, requires fur ther  

study and analysis t o  assure that mutual interference (channel-to-channel ) , 
interference with other users, and Power System Effect ive Isotropic Radiated 

Power (EIRP) issues a r e  resolved. 

Figure 3.3.3-5 shows an approach t o  t h i s  that  provides four (4) 

3 . 3 . 3 . 4  Conclusions and Comnents 

The Reference 25 kW Power System provides the basic comnunication and data 

management capabi 1 i t i e s  required to  support the SASP and i t s  payloads. 

Figure 3 .3 .3 -6  l i s t s  some suggested capabi l i ty  expansions that would improve 

the overal l  u t i l i t y  o f  SASP t o  the payloads. The f i r s t  two items on th i s  

l i s t  suggest that the Power System should provide the capabil i ty, o r  the 

capabi l i ty  t o  grow to, 300 Mbps KSA rates equal t o  the maximum TDRSS capabi l i ty .  

.- 
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Figure 3.3.3-5 Approach to  iDRSS MA Usage >50 Kbps 

0 Increase KSA Link Capacity to 300 MBPS 
(TDRSS Max. Capacity) 

0 Increase Capacity at SASP Port to 300 MBPS 
(TDRSS Max. Capacity) 

0 Increase Continuous Channel Capacity to Approx 
200 KBPS (For Improved Payload Interactive Control 
Cape bili t y) 

Provide Storage for Scientific Data (For First 
Order Platform) 

Figure 3.3.3-6 Suggested Power System Capabi 1 i ty Expansion 
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This i s  based on expected payload data rate growth and on the expectation 

that  TDRSS SA channel time w i l l  be increasing i n  demand and that, consequently, 

there w i l l  be a premium placed on the high data rates. 

The t h i r d  and fourth items on t h i s  l f s t  were discussed previously. 

3.3.4 Structural /Pkchan i ca 1 Sys tern I n t e r f  aces 

A standard berthing la tch  should be used for Power System, Platform, and 

pal lets.  Such a concept i s  being developed by MaAC under a LaWJSC 

contract. Detai ls are given below. 

Power System - Be;.thi ng Latch Interface Requirements 

a Object - Capture and s t ruc tu ra l l y  attach together two bodies i n  space; 

one which i s  being maneuvered by the R E ;  the other i s  f ixed t o  the Orbiter. 

a - Contact Velocit ies - Closing 0.1 f t /sec l a te ra l  and forward 

1 deg/sec pitch, ro l l  and yaw 

a Mismatch - Lateral s i x  inches -- 
Angular pitch, r o l l  and yaw 15 deg. 

a Clear Access - A c lear access opening 1.0 meter diameter shal l  be provided 

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

a Envelope - The physical s ize l i m i t s  o f  the passive h a l f  are defined by 

Figure 3.3.4-1. The physical s ize l i m i t s  o f  the act ive h a l f  are 

defined by Figure 3.3.4-2. 

- Loads - The BLIM shal l  be designed for. a thrust  load i n  both direct ions 

o f  20,000 pounds and moments i n  pitch, roll ,  and yaw of 16,000 ft pounds. 

These loads shal l  be applied both i n  the 2apture mode and the r ig id ized  mode. 
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AREA FOR 
BERTHING rORT 
80UNOED BY 

8 45 IN LONG 
& 4 325.69 

Figure 3.3.4-1 Pal l e t  Berthing Port Envelope Volume 

Figure 3.3.4-2 Hexagonal Frame Berthing Latch 
Interface ( LaRC/JSC/LSST Study) 
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0 Alignment - After mating and r i g id i z ing  the ac t ive  and passive halves 

o f  the BLIM, the angular alignment i n  pitch, r o l l ,  and yaw o f  one h a l f  

re la t i ve  t o  the other shal l  be w i th in  5 1.32 arc min. 

0 Capture Latches - The capture latches shal l  be designed f o r  simultaneous 

operation, i.e., a s ingle capture la tch  o f  a mu l t ip le  array o f  latches 

shal l  not provide a structural  t i e  between the two halves o f  the BLIM 

u n t i l  a l l  letches are engaged. 

0 Umbilicals - The BLIM shal l  provide mounting provisions f o r  iwo f i xed  

umbilical plates on the passive side of the mechanism and CWO actuated 

plates on the act ive side o f  the mechanism. 

0 Active Ports. - Houses latching mechanism u h i l i c a l s ,  and requires power. 

+ and - Y  ports ( f o r  payload). 

+Z por t  ( f o r  payload and temporary storage) 

+X por t  ( f o r  t r a i l  arm payloads) 

- X  por t  ( for  propulsion u n i t )  

0 m s i v  e Ports - No power required. 

-Z por t  (The Orbi ter  houses la tch ing mechanisms and provides power.) 

The PS shal l  provide two o f f se t  0 - + 90' gimbals that  ro tate about both 

the Orbi ter  and PS docking por t  centerlines. These o f f se t  gimbals 

provide RMS accec' t o  the Propulsion Module and the +Y Docking Port. 

0 Control and Feedback - The mecharism shal l  contain switches t o  operate 

indicator c i r c u i t s  wi th in  the Orbiter control stat ion. These c i r c u i t s  

shal l  indicate the status of the BLIM f o r  actions such as: 

0 Ready t o  berth 

0 Capture complete 

0 Structure latches secure 
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Redundancy - A l l  d r i ve  mechanisms and latches sha l l  incorporate 

redundant power sources arranged so tha t  any s ing le  f a i l u r e  w i l l  s t i l l  

al low operation o f  the  other. 

Manual Override - A l l  d r i ve  mechanism!: -ha l l  permit them t o  be manually 

operated by an EVA astronaut i n  the event o f  f a i l u r e  o f  the power sourcss. 

Operating Power - - The act ive h a l f  o f  the  B L I M  sha l l  operate using 28-33 

v o l t  DC e lec t r i ca l  poker. The peak e lec t r i ca l  power f o r  operation sha l l  

not  exceed 1000 watts. The steady s tate e lec t r i ca l  power e i t he r  mated 

o r  unmated shal l  be zero watts. 

3.3.4.1 Work Accomplished 

The berthing por t  i l l u s t r a t e d  i n  Figure 3.3.4-3 i s  s im i la r  t o  the concept being 

developed by MDAC f o r  JSC. The goal was t o  have a l l  of the berthing ports 

interchangeable. The cnvelope o f  the berthing latches were determined by 

the pal let-to-Orbi t e r  clearance and pal let-to-SASP relat ionship.  The capture 

envelope was the resu l t  of a l l  the various berthing and docking system 

c r i t e r i a  now i n  use and the l i m i t a t i o n  of the RMS. 

shock absorbing features on the Orbi ter  t o  Power System and SASP interfaces 

t o  reduce the berthing shock loads. The p a l l e t  t o  SASP o r  Power System 

in ter face probably w i l l  not  require shock attenuation devices, since the RMS 

i s  r e l a t i v e l y  f l ex ib le  and has i t s  torque l im i ta t ions .  The e lec t r i ca l  and 

coolant umbil ical w i l l  be on separate la tch ing  devices. The system i s  designed 

t o  capture and berth any payload w i th in  - +15" p i t c h  and yaw and 6" misalignment. 

I t  i s  planned t o  have 

We are presently designing a prototype mockup berthing la tch ing system under 

contract w i tn  LaRC/JSC/LSST and w i l l  have simulat ion tes t ing  u t i 1  i t i n g  the 

RMS simulator and a i r  bearing f loor .  

f o r  the design of the future berthing ports. 

We should accumulate important data 
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BERTHIN 
PORT 

Figure 3.3.4-3 Power System Mechanical System Interfaces 

3.3.4.2 Conclusions and Comnents 

The bertning ports on the Power System were made act ive except for  the  0r'u;ier 

berthing por t  wiiich i s  passive. An act ive p0i-t i s  one where the la tch ing  

mechanism i s  located and hdS power, data, and coolant. The passive po r t  i s  

the i n e r t  sSae wnich does not have power u n t i l  the urclbilicals are matched. 

The Orb i ter  berthing por t  was made passive, since the act ive s ide i s  on the 

Orbi ter  which i s  used for other appl icat ions than berthing t o  the ?ower 

System. The act ive ha l f  was located on the remainder o f  the berthing ports 

because the experiments and propulsion system and other equipment berthing 

t o  these ports are i n e r t  and do not have power. 
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Section 4 
SUBSYSTEM TRADES AND ANALYSIS 

(Task 4) 

Table 4-1 l i s t s  the major Platform subsystem trades performed durir , the study. 

This section presents these trades and analyses which led  t o  the selection 

o f  design approaches f o r  the Platform. See Section 10, Conclusions and 

Recomnendations, f o r  a sumnary l i s t  o f  trades and results. 

4.1 STRUCTURES AND MATERIALS TRADES 

This subsection contains the trade studies conducted f o r  select ing the optimum 

structures and material concept for the SASP. The fol lowing work was 

accomplished i n  t h i s  task. 

Structura; module optimization completed: 

- f i ve  f ixed truss configurations evaluated 

- two deployable truss configurations evaluated 

- truss st i f fness and complexity factors determined 

- truss cont .gurations selected f o r  f ixed and deployable. trusses 

0 Material selection trade completed: 

- aluminum, titanium, and graphi te/epoxy evaluated 

- factors considered include, radiat ion resistance, coef f ic ient  o f  

thermal expansion s tab i l i t y ,  thermal d is to r t ion  characteristics, 

;peci f i c  st i f fness, elevated temperature resistance, dimensional 

accuracy, and manufacturing complexity. 
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The fol lowing conclusions resulted from t h i s  task: 

1. Truss configuration l B - A  i s  optimum f o r  deployable t russ and 1B for 

f ixed truss. 

2. Aluminum, titanium, and graphi te/epoxy were evaluated f o r  the s t ructura l  

material and graphi te/epoxy was selected. 

Subsection 4.1.1 sunmarizes the design parameters and requirements. Subsection 

4.1.2 presents the structural  module optimization analysis. Five f i xed  truss 

and two deployable truss structural  module configurations were evaluated. 

The f i xed  truss concepts have a l l  members f ixed re la t i ve  t o  one another while 

the deployable trusses can be folded or compacted f o r  launch and then deployed 

on orb i t .  Subsection 4.1.3 contains the material select ion trade study 

conducted f o r  aluminum, titanium, and graphi te/epoxy. 

4.1.1 Design Parameters -- and Requirements -- 
Figure 4.1-1 sumnarizes the SASP structures and materials design parameters 

and requirements. 

should have a l i f e  o f  10 years, minimum d is to r t ion  ( re la t i ve l y  high accuracy 

and s t a b i l i t y )  * and require ex is t ing structures technology. 

As i t  can be seen from th i s  figure, the SASP structure 

4.1.2 Structural Module Optimization 

In order to  select the s t ructura l  concept that  provides the required s t i f fness  

(minimum s t ruc twa l  frequency = .1 Hz, see Section 5.4.1) w i th  minimum 

complexity, a struct l i ra l  module optimization study was conducted. The study 

considered f i v e  f ixed and two deployable truss module configurations as shown 

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

stiffness, speci f ic  s t i f fness (s t i f fness  per u n i t  weight) s t i f fness to  complexity 

ra t io ,  and absolute complexity. Graphite/epoxy w i th  a modulus of E=20x10 psi  6 
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ALTITUDE - 

INCLINATION - 

LOW EARTM O R l T  -La, NOMINAL) 
0 DETERMINES M I A T I O N  LEVELS 
0 lNf LUWCES A T  PATTERNS 

VARIASL€ (26 OEG. 67 M G .  70 M G .  90 M G .  SUN SYNCWRoNoug) 
0 DETERMINES RADIATION LEVELS 
0 INF LUENCES 87 PATTERNS 

Figure 4.1-1 SASP Design Parameters and Requirements 

Figure 4.1.2-1 Fixed Deployable Truss Structural  Modules Evaluated 

was assumed as the material. Other materials were not considered here since 

the main objective was t o  determine the re la t i ve  overal l  geometric complexity 

and st i f fness of the candidate structural  modules. 

4.1.2.1 Fixed Truss Property Sumnary 

The f ixed truss structural  module basic dimensions, weight, complexity factor  

(NIM), effective axial  area (AEFF), effect ive shear stiffness moment o f  i n e r t i a  

( I S E F F ) ,  ef fect ive bending st i f fness moment of i ne r t i a  ( IBEFF), and e f fec t i ve  

torsional stiffness term (GJEFF) are surmarired i n  Figure 4.1.2-2. These 

terms are determined by the method given i n  Reference 4.1. 
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Figure 4.1.2-2 St ruc tura l  lbdule Property Sumnary (Fixed Truss) 

The f i r s t  bending and tcrrsicnal natural frequencies of the plat form a m  (can- 

t i  lever beams) are also sumnarized. 

based upon the effect ive shear st i f fness moment o f  i n e r t i a  term (IS 

arm length of 54 feet (16.5 in), a discrete weight o f  43,764 l b  (19,848 Kg) 

and neglect the arm d is t r ibu ted  weight. A review of the candidate plat form 

loadings indicates t h i s  t o  be a worse case condition. 

frequencies sat is fy  the requirement o f  fn,.l Hz. 

These natural  frequencies are conservatively 

EFF)’ an 

It i s  seen tha t  a l l  

4.1.2.2 Deployable Truss Complexity Factor Determination 

Two deployable truss module configurations were evaluated for t h e i r  complexity 

and a complexity factor was developed for each. Configuration I 1  was evaluated 

since i t  represents MDAC’s scaled down version gf the MSFC deployable arm 

concept. Configuration (IB) was selected based upon the resul ts  obtained i n  

the f ixed truss analysis. Due t o  geometry constraints of fo ld ing the longerons 

and staying w i th in  the o v e r a l l  cross-sectional envelope, the (IB) module length 

had to  be shortened f o r  the deployable case. Hence, t h i s  module was i d e n t i f i e d  

as ( IB-A) .  As seen on Figure 4.1.2-;, i t  w i l l  take 1-1/2 (IB-A) modules t o  

cover the same length as a conf igurat ion ( 1 1 )  module. 
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Figure 4.1 -2-3 Deployable Truss Structural Module 
Complexity Factor Determination 

The complexity factor for the modules was defined as the sum o f  the number o f  

moving j o in t s  (NU) and the number of intersect ing f i xed  members (NIFM). 

the case o f  the (IB-A) module the number o f  moving j o i n t s  consists of 42 

ro ta t ing  j o i n t s  plus 12 s l i d ing  jo in ts .  

43 moving j o i n t s  rotate. 

I n  

I n  the case o f  the (11) module, a l l  

The module (IB-A) complexity i s  72 and the module (11) complexity factor  i s  138. 

4.1.2.3 Deployable Truss Stiffness/Complexity Rating Evaluation 

The detai led stiffnesslcomplexity t o t a l  ra t i ng  evaluations f o r  the deployable 

truss candidate modules a r e  sumnarized on Figure 4.1.2-4. These rat ings were 

developed i n  the same manner and wi th  respect t o  the same ra t ing  scale as for  

the f ixed truss modules. Hence, since the deployable trusses are more complex 

than the f ixed trusses, t h e i r  t o ta l  ra t i ng  numbers are lower. It i s  seen tha t  

module (IB-A) has a bet ter  t o t a l  ra t i ng  than module (11). 

4.1.2.4 Fixed Truss Optimization Sumnary 

Detailed evaluation of absolute st i f fness,  spec i f ic  s t i f fness  and s t i f fness/  

complex4 ty are given i n  Reference 4.1. 
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(SJ TRANWERSC STIFFNEI  

Figure 4.1.2-4 Deployable Truss Structural  Module 
S t i f f ness/Compl ex i  t y  Rat i ng E v i l  uat  i on 

Figure 4.1.2-5 s u m r i z e s  the f i xed  truss absolute s t i f fness ,  spec i f i c  s t i f f ness  

and s t i  ffness/compl exi  t y  ra t ings o f  the f i v e  candidate module configurations. 

It i s  seen tha t  module ( I I I A )  has the best absolute s t i f f ness  t o t a l  r a t i n g  

while module (IA) has the best spec i f i c  s t i f f ness  and st i f fness/complexity 

t o t a l  ra t ing.  On t h i s  basis, configuration ( I A )  could be considered the 

optimum st ructura l  module configuration. However, even though module ( I B )  

has the lowest absolute and spec i f i c  s t i f fness t o t a l  rat ings, prel iminary con- 

servative calculat ions show tha t  the st i f fness provided i s  su f f i c ien t  t o  

sa t i s f y  the f > .1 Hz requirement f o r  the SASPPlatform. This consideration, 

combined w i th  configuration (16)'s second best r a t i n g  on a s t i f f ness  t o  

complexity basis and the fac t  tha t  conf igurat ion ( I B )  i s  l eas t  complex having 

n -  

h a l f  o r  fewer in tersect ing jo in ts ,  resul ted i n  the select ion o f  conf iqurat ion 

( I B )  as the optimum st ructura l  model conf igurat ion for the  SASP structure. I n  

the 2nd order extended configuration, the f i xed  t russ structure i s  appl icable 

t o  the standoff arm between the Power Module and Platform Support Module and the 

crossarm structure from the p ivot  outboard t o  the f i r s t  experiment port .  
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B 

Figure 4.1.2-5 Fixed Truss Structural Module 
Optimization Sununary 

4.1.2.5 Deployable Truss Optimization Sumnary 

The stiffness/complexity t o t a l  rat ings fo r  the deployable truss candidate 

modules are summarized on Figure 4.1.2-6. 

has a better t o t a l  ra t ing  than module (11). Since the s t i f fness o f  module 

(IB-A) i s  suff icient t o  meet the natural frequency requirement o f  fn - > .1 Hz, 

t h i s  module i s  chosen as the deployable module concept f o r  the SASP structure. 

The deployable IB-A Module applies t o  the 2nd Order Extended SASP cross-ann 

It i s  seen that  module (1B-A) 

structure outboard of the two inboard experiment ports. 
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9.1 (TRANSVERE STIFFNESS) 

Figure 4.1.2-6 Deployable Truss Structural  Module 
Optimization Sumnary 

4.1.3 Material Selection Trade 

It i s  wel l  established tha t  aluminum and t i tan ium have excel lent  rad iat ion 

resistance and coef f i c ien t  o f  expansion (CTE) s t a b i l i t y .  

the case for graphite/epoxy, and so a prel iminary evaluation o f  these factors 

wa5 conducted f o r  t h i s  material.  

Since t h i s  i s  not  

4.1.3.1 Cf'ect of Natural Trapped Radiat'.:n on Graphite/Epoxy Structural  ropert ies 

Figure 4.1.3-la presents the natural trapped proton rad ia t ion  environment 

f o r  a 435 km c i r c u l a r  o r b i t .  The data are based on the so lar  minimum model 

(AE-5 1975 projected) w i th  an epoch of 1975 given i n  Reference 4-2. Electron 

fluence (electrons/cm /day) f o r  e lectron energy leve ls  greater than E i s  

p lo t ted against e lectron energy leve l  E f o r  the noted o r b i t a l  inc l inat ions.  

Figure 4.1.3-lb presents the natural trapped proton rad ia t ion  environment f o r  

a 435 km c i r c u l a r  o r b i t .  The data are based for t h e m s t  p a r t  on the solar 

minimum period o f  1964 and, therefore, t h i s  model i s  designated as AP8MIN. 

epoch 1964. 

(protons/cm /day) f o r  proton energy leve ls  greater than E i s  p lo t ted  against 

proton energy leve l  E f o r  the noted o r b i t a l  i n c l i n a t i o n  angles. 

2 

The data are extracted f r o m  Reference 4.3. Proton fluence 

2 
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Figures 4.1.3-la & 4.1.3-lb SASP Natural Radiation Environment 
( In tegra l  F1 uence/Day) 

Using the trapped electron and proton rad ia t ion  environments presented 

above, the rad iat ion dose t o  the SASP s t ructure was computed using the MDAC 

CHARGE computer program f o r  a SASP graphite/epoxy s t r u t  w i th  a typ ica l  wal l  

thickness o f  .125 in. The calculat ions were performed for an o r b i t a l  i n c l i n a t i o n  o f  

97". The combined electron and proton dose computed for the  97" i n c l i n a t i o n  

i s  representative of the combined electron and proton dose a t  an i n c l i n a t i o n  

o f  56" and i s  conservative for  the 28.5' inc l ina t ion .  The computed dose 

p r o f i l e  i s  shown on the l e f t  side of Figure 4.1.3-lc. 
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Figure 4.1.3-lc Effect  o f  Radiation on Graphite/Epoxy Properties 

Also shown on the r i g h t  side of Figure 4.1-3-lc are t e s t  resu l ts  obtained f r o m  

References 4.4, 4.5, and 4.6. The t e s t  data are appl icable t o  t e s t  specimens 

w i th  the noted thkknesses, materials, and electron and proton fluences. The 

MDAC CHARGE progratn was used t o  compute the rad ia t ion  dose t o  these specimens 

and the specimen dose p ro f i l es  i n  rads are also shown on the f igure.  

A prel iminary conclusion from t h i s  analysis indicates tha t  the graphite/epoxy 

material propert ies should not be degraded by the  trapped e lect ron and proton 

eitvironment over the 10 year l i f e  of the Platform. 

4.1.3.2 Coeff icient of Thermal Expansion (CTE) S t a b i l i t y  o f  Graphite/Epoxy 

It i s  wel l  known that  some graphitelepoxy laminates, i n i t i a l l y  designed f o r  

nominally zero CTE, deviate from the i n i t i a l  CTE value when subjected t o  

thermal cycl ing.  The magnitude of the change i n  CTE, i f  any, depends upon 

several factors including res in  and f iber  materials used, res in  cure temperature, 
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laminate lay-up, thermal excusion range ( AT) and minimum temperatu.-e 

experienced. The var ia t ion i n  the CTE, if any, i s  due t o  micro-cracking of 

the res in  due t o  translaminar stress r e l i e f  (TSR) [Reference (4.7)], wnich i s  

i n i t i a t e d  a t  a c r i t i c a l  low temperature l i m i t .  The data i n  Reference (4.7) 

indicates that  TSR does not occur f o r  cer ta in  composites such as HY-E 1530 

down t o  -150°F. More complex laminate systems have lower c r i t i c a l  l i m i t s  

dGW t o  -32OOF. 

For 10 years i n  low earth o r b i t  56,500 thermal cycles w i l l  be experienced. 

The maximum temperature extremes expected for a SASP graphite/epoxy s t r u t  are 

shown on Figures 5.4.3-1 and 5.4.3-3. The actual environment w i l l  consist o f  

a complex combination of lesser conditions up t o  the temperature extremes 

shown. Since the minimum predicted SASP st ructura l  temperature o f  -127OF 

i s  above the c r i t i c a l  lower l i m i t  of -150°F, i t  can be concluded that  the $ASP 

nominally zero CTE structure w i l l  be dimensionally stable for the low earth 

o r b i t  envi ronment. 

4.1.3.3 Cross Arm Structural Dis tor t ion Estimates 

A preliminary est jnate o f  the platform arm thermal d i s to r t i on  was made f o r  

.:m constructed o f  graphite/epoxy, titanium, and sluminm. The assumed arm 

geometry and d is to r t ion  resul ts  are on Figure 4.1.3-3. The ca lcu lat ion assumes 

a AT = 100°F between upper and lower longerons and the modulus o f  e l a s t i c i t y  

(E) and coef f ic ient  of t n e m l  expansion (CTE) used i n  the computations 

are l i s t e d  f u r  the three candidate materials. 

I t  can be seen that  wi th a graphite/epoxy structure, thermal d is tor t ions are 

more than two orders o f  magnitude less thaii f o r  an aluminum structure. The 

maximum rotat ion a t  s ta t ion 2 f o r  an aluminum structure i s  s l i g h t l y  more than 

a degree. These d is tor t ions are t o  be considered as reference information only 

since they are based upon an ideal izat ion o f  the expected rea l  thermal gradient 
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Figure 4.1.3-3 Preliminary Estimate o f  Cross A r m  T h e m  d i s t o r t i o n  

pattern5 dnd an as7rlrned referewe AT = 100°F. A more deta i led thermal 

evaluation i s  required t o  predic t  the actual thermal d is tor t ionc but  the data 

shown are considered t o  be ind ica t ive  of the r e l a t i * j e  thermal d i s t o r t i o n  

character ist ics of the three materials shown. 

4.1.3.4 Material Selection Summary 

Figure 4.1.3-4 summarizes the factors considered in the evaluation o f  the three 

candidate materials; (1) graphite/epoxy, (2)  aluminum, and (3) t i tanium. 

Graphitela;oxy wi th  nominally zero CTE (0 + .1 x 

as the optimum material because of i t s  minimal thermal d i s t o r t i o n  Characterist ics, 

outstanding speci f ic  st i f fness a t  room and elevated temperature, excel lent  

dimensional accuracy and acceptable CTE stabi l i ty ,  and rad iat ion , esistance 

determi n2d from anal y s i  s . A1 though the compl exi t y  of manufacturing i s  

considered greatest for grcphi te/epoxy, the technological data base i s  

s ign i f icant  and no major obstacles are expected. 

in/in/OF) was selected - 

128 



Figure 4.1.3-4 Structural Material Selection 

4.2 ATTITUDE CONTROL S'JBSYSTEM 

A high level summary o f  the trades and analyses e f f o r t  f o r  the ACS i s  presented 

i n  Figure 4.2-1 and i s  reported on i n  t h i s  section. These trades and analyses 

re la te t o  the dynamics considerations presented i n  Section 2.4 on Configuration 

Drivers. 

4.2.1 Requirements Sumnary 

The SASP at t i tude control requirements include ?xperImnt point ing and main- 

tenance o f  a low-g environment. A capabi l i ty  t o  accomnodate simultaneous 

mu1 t i p l e  payload viewing i s  highly desirable. The point ing requirement includes 

i n i t i a l i z a t i o n  f o r  target acquisit ion for payloads with t h e i r  own point ing 

systems and continuous point ing during experiment operation f o r  point ing 

pay1 oads 

level of 

wi th the 

without t h e i r  own point ing systems. The SASP must maintain some 

point ing performance during payload operations even f o r  payloads 

r own point ing system because the payload point ing systems have a 
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Figure 4.2-1 SASP A t t i tude  Control Subsystem 

f i n i t e  capabi l i ty  t o  i so la te  the payload f r o m  the SA5P. 

requiwi iwi ts (fiqures 2.1 .5-1 .  4.2.1-1, 4.2.1-2) range from none to  0.1 arc 

sec a c ~ u r ~ ~ c y  and 0.005 arc sec s t a b i l i t y .  The most st r ingent  po n t i n g  

requirailents cannot reasonably he met wltn a structure as large as the PS/SASP 

vehicle and aux i l i a ry  payload point ing systemc are reqtiired. 

po int ing m-fomance re la ted requirements w i l l  u l t imate ly  be defined by 

The pay oad point ing 

The SASP 

the perfortihirice o f  a m i  1 id ry  p r i n t i n g  systems. 

4.2.2 

The ACS decign i s  h igh ly  Influenced by the presence o f  the Power System. 

i s  because control i s  : w v i d e d  by the FS f o r  the SASP/PS configuration. 

,\,Icqu,\cy o f  PS cnpabil i t y  and possible options for* SAEP improvenlent a r e  key 

issues. 

i i i t~s t  t r ~  coiisidercd. 
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. - . . . . - __*  .---- ____. _____-_-_ - -_ -  _-- 
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and geometric axes are important factors. As stated above, the a b i l i t y  ef 

the Platform t o  accommodate f i ne  point ing experiments depends on the capabi l i ty  

o f  experiment point ing systems t o  operate i n  the SASP dynamic environment. 

4.2.3 M r k  Accompl i shed 

Att i tude control re lated areas addressed during t h i s  study included: 

Pay1 oad requi remeii t s  

SASP a t t i t ude  control options 

D i  s turbilnce ident i f i cat ions 

Aero and gravi ty gradient disturbances (momentum management) 

Structural dynamic modeling 

Auxi l iary  point ing system modeling 

Thermal -s  t ructura 1 dynamics in te rac t  ions 

Acceleration and point ing performance a t  the payload 

These areas are reported on i n  de ta i l  i n  the paragraphs below. 

4.2.4 Conclusions and Conments 

Power System ACS w i l l  be employed t o  control the SASP/PS configuration. It 

appearsthat more magnetic torquers should be added t o  e i t he r  SASP o r  the PS. 

Rotating arms (+180°) - w i l l  provide custom point ing. 

require experiment point ing systems; these w i l l  also produce greater potent ia l  

FOV capabil i t y  and resolve many con f l i c t i ng  point ing requirements f o r  

payloads on the same arm. 

experiments employing image motion compensation techniques. The addi t ion o f  

re1 a t  i ve a1 i gnment sensors and/or SASP mounted a t t i  tude sensors ooks 

promising. 

i t s  a t t i tude  knowledge by using at t i t i rde data from experfrnents i - :  

accura te  point ing systeiiis. 

Fine point ing w i l l  

Very f ine  point ing requirements w i l l  necessitate 

SASP w i l l  make use of the a b i l i t y  of the PS computer t o  inprove 

-L y 
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4.2.5 AWWroach ConsidergaiPPr 

Several SASP ACS option3 are shown i n  Figure 4.2.5-1 along w i th  t h e i r  

advantages and disadvantages. Comnents r e l a t i v e  t o  the current ACS approach 

are included. 

Actively control led SASP includes the range o f  p o s s i b i l i t i e s  f r o m  distr jbuted 

actuators and sensors and active iso la t io f i  and point ing o f  indiv idval  parts 

o f  the SASP t o  re la t i ve l y  simple servoed j o i n t s  that  are currently included 

( ~ 1 8 0  deg capabi 1 i ty)  . The current approach has been tewned "semi -act i  ve" 

because of the arm ro tat ion capabil i ty. The inclusion o f  aux i l iary  point ing 

systems t o  augment SASP point ing capabi l i ty  i s  a type o f  multi-sensor, 

liwl t i -actuator active control f rom a payload viewpoint. 

OPTIONS ADVANTAGES DISADVANTAGES CURRENT APPROACH 
ACTIVELY CONTROLLED 0 OPTlMAL PAYLOAD C o U q E X  HARDWARE AN0 SEMIACTWE CONTROL 
SASP LSTRUCTURAL MOUNTING SASE SOFIWARE SAS) ARMS MOUNTED ON 
REFORMATION AND e MlNlMlZlS AUXILIARY MULTIPLE SENSORS AN0 SERVO CONTROLLED 
GENERAL POINTING) POINTING SVSTtM ACNATORS R O T M Y  JOINTS FOR 

RCOUlRf Mf NlS 0 NO PREVIOUS APPLICATION GENERAL POINTING 
EXPERIENCE 

RELATIVE ALIGNMENT 
SENSING 

AUXILIARY K I I W I N C  
SVST EMS 

MlsAsI USE OF PAVLOAD 
SENSORS 

INTERNAL INSTRUMENT 
IMAC? M O T  ION 
c w n u s i i m  
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WORK COUIPLE TED 
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CIWIAL RANGE 
CAPABILITV 

0 WXW ISOLATION 
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0 REOUIRES s€llwoRS. 
ACTUATORS A R  SOFTWARE 
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e USED FOR PAVLOADS 
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RE WIRIN'J E XTRENE LY 
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0 PS PROVIMS W H C  
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Figure 4.2.5-1 ACS Approach Considerations 
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Relative a1 ignment sensors can impmve a t t i  tude reference knowledge a t  the 

payload by measuring the s t ruc tu ra l  d is tor t ion/misa l  ignment between the 

pdyload and a t t i t ude  reference (current ly  on the PS) .  

reference a t  the payload i s  valuable since e l iminat ion of experiment po in t ing  

system (EPS) f o r  some payloads may be possible and be t te r  i n i t i a l  po int ing 

f o r  a l l  payloads i s  accomplished. The need for r e l a t i v e  alignment sensing 

has not been current ly  defined. 

Better a t t i t ude  

The use o f  EPS's i s  required f o r  payloads which must reor ient  quickly, view 

a wide var ie ty  of direct ions, and/or require po int ing accuracy/stabil i t y  

greater than that  o f  the PS/SASP structure. 

motion campensation w i l l  improve po in t ing  performance over tha t  provided by 

EPS's. 

In ternal  instrument image 

The use o f  payload a t t i t ude  sensors w i l l  be implemented. This improves the 

point ing accuracy a t  the payload by using sensor data f r o m  other payloads 

on the SASP. The point ing accuracy throughout the SASP may be improved 

s ign i f i can t l y  over the two degrees uncertainty associated wi th  the Reference 

PS since the SASP rnisalignments/distortions are small r e l a t i v e  t o  the two 

degrees. 

The PS control of a completely passive SASP i s  un rea l i s t i c  based irn the 

payload require3ents and the PS w i l l  provide only basic r e l a t i v e l y  coarse 

po in t i ng  and or ientat ion control .  

134 



4.2.6 Disturbances and Momentum Management 

Figure 4.2.6-1 defines some of the dynamic disturbances which effect payloads. 

High frequency disturbances due to  ro ta t i ng  machinery such as CMG's and f l u i d  

pumps  re expected t o  be small amplitude but may be s ign i f icant  t o  payloads 

with very t i g h t  point ing s tab i l  i t y  requirements. Thermal d i s t o r t  ions can 

occur r e l a t i v e l y  quickly on truss structures when changing from sun t o  shadow. 

Platform rotat ing j o i n t  disturbances can be minimized by designing and rotat ing 

j o i n t  servo t o  minimize angular accelerations when s ta r t i ng  and stopping. 

S i m i l a r  designs for the PS solar array dr ive may be required. The PS Cffi's 

compensate f o r  low frequency disturbances such as gravi ty gradient and aero- 

dynamics moments. Payload slewing can cause whole system rotat ions o f  0.1 t o  

0.2 degree (discussed below). Extreme disturbances such as large PSjPlatform 

maneuvers, o r b i t  keeping operations, o r  Orbiter docking may require suspension 

o f  experiment operations. 

I I C 7  h 

POWER SYSTEM 
0 SOLAR PANCL ROTATIOM 

ANTENNA MOVEMENT 

0 CMGJ 

EXTERNAL 
0 GRAVITYCRLDIENT TORWLS 
0 A E R O O Y W I C  MOMENTS 
0 W C K l f f i  0 ATTITUDE MANEUVERS 0 ORBITER OPfRATlONS - THRUSTERS - CREW 

0 ORBIT KEEPING *CCLLER*TION 
0 TWCRMAL DISTORlION 

PLATFORM 
0 ROTATING JOINT 

ARM ROTATION AT 
FOUR DEG PER MIN 

0 FLUID PUMPS 
0 TH€RMAL OlStORflON 

Figure 4.2.6-1 SASP Dynamic Environment 
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The grav i ty  gradient and aerodynamic moment disturbances f o r  the typ ica l  f ree 

f l yer  configuration shown on Figure 4.2.6-2 (wi th  the assumptions defined) 

were computed t o  evaluate PS CMG momentum storage requirements for  a speci f ic  

example. The o f f se t  configuration was chosen because i t  provided a pr inc ipa l  

axes misalignment about the Z-axis. A pr inc ipa l  axis misalignment about the 

Y-axis resul ts from the PS radiator offset. The payloads were assumed t o  haair 

projected areas corresponding t o  1 and 2 Spacelab pa l le ts  for the aerodynamic 

moment computations. The S-175 solar f l u x  parameter represents a high so lar  

a c t i v i t y  resul t ing i n  a nigh atmospheric density and large aerodynamic moments. 

Diurnal bulge affects were included i n  the atmosphere model which contributes 

t o  aerodynamic momentum buildup about a l l  three axes. A time h is to ry  o f  

moments and moment impulses (momentum) was generated for the X-POP, Y-PSL 

geometrical axes or ientat ion.  The grav i ty  gradient bias resulted i n  a 

ASSUMPTIONS 
4 3 6 4 ~ 1  ALTI1 UDE 

a 1991 ATMOSPHERE (PlzI 
ORBIT BETA ANGLE OF 30 OEC 

a x.pOP.Y.psL INERTIAL ORIENTATION 

Figure 4.2.6-2 Gravity Gradient and Aerodisturbance Model 
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momentum bui 1 dup o f  3590 Newton-meter-sec per orb1 t. The aerodynamic momentum 

bias was 796 Newton-meter per orb i t ,  which subtracted somewhat f r o m  the grav i ty  

gradient bias, and the net momentum bias vector magnitude was 2840 Newton-meter- 

sec per orb i t .  The Reference PS has a CMG momentum storage capabi l i ty  o f  

18,800 Newton-meter-sec peak-to-peak so tha'. a maximum of 6 o rb i ts  are possible 

before a CMG desaturation operation i s  required if the PS magnetic torquers are 

not used. The or ientat ion hold duration can be improved t o  about 9 o rb i ts  

by using the PS magnetic torquers (900 Newton-meter per orb i t ) .  Adding an 

additional 4 Space Telescope magnetic torquers would increase the X-POP, 

V-PSL geometric axis or ientat ion hold time t o  about 17 orb i ts  or approximately 

one day. 

By reorienting about the Y-axis 2.3 deg and the Z-axis 1.7 deg and sinusoidal ly 

reorienting about the X-axis a t  double o r b i t  frequency w i th  an amplitude of 

1 deg every 16 orbi ts,  the approximate 

indef in i te ly .  

be reduced and the X-axis maneuver eliminated (for su f f i c i en t l y  large o r b i t  

1n:linations). The X-axis maneuver i s  required by the aerodynamic torques 

(small i n  t h i s  example) and cannot be o f fse t  by grav i ty  gradient torques since 

no g r a v i t y  gradient bias torque i s  avai lable perpendicular t o  the o r b i t  plane 

(vehicle X-axis). 

X-POP, V-PSL or ientat ion can be held 

I f  the magnetic torquers are used, the reor ientat ion angles can 

Figure 4.2.6-3 shows the A-10 payload configuration and the associated mass 

properties and pr incipal  axes misal ignments (Z-Y-X-axes EGler rotation, body 

t o  pr incipal  axes). The largest misalignment i s  about the Z-axis wi th  

re la t i ve ly  small misalignments about the X- and Y-axes. For the Z-LV, Y-POP 

orientation, the grav i ty  gradient disturbance torques can be eliminated by 

skewing the or ientat ion about the X- and V-axes about 1.2 and 0.9 degrees, 
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respectively. No skewing about the Z-axis i s  required since i t  i s  loca l  

ver t ica l .  Skewing about the Y-axis i s  a l l  t h a t  i s  required t o  el iminate 

the bias grav i ty  gradient momentum bias buildup. Even though the Y-principal 

axis misalignment i s  small, the  PS CMG's must be desaturated af ter  only four  

o rb i ts  (eight o rb i t s  i f  the peak-to-peak CMG capab i l i t y  i s  assumed). The Y-axis 

momentum buildup w i th  no or ientat ion skewing i s  about Newton-meter-sec per 

o r b i t  perpendicular t o  the o r b i t  plane. 

remove wi th  e ight  Space Telescope magnetic torquers, pa r t i cu la r l y  a t  low o r b i t  

inc l inat ions where the avai lable magnetic moment i s  low, perpendicular t o  the 

o r b i t  plane. 

This i s  more than i s  possible t o  

Therefore, a t  least  Y-axis skewing would be desirable. 

Mass 42300 KG 
CG X 7.28 M 

Y 1.78 M 
Z 0.46 M 

X 9.2 x 106 KG-MZ 
Y 4.5 x 106 KG42  
z 13 x 106 KG-MZ 

+Z -15 Deg 
I3Y 0.6 Deg 
dBX -1.4 Deg 

2-LV,Y-POP Orientation 
No Skewing Required About ZAxis 
Skew 2 1.2 Deg About X-Axis for No Inertially Cyclic 

' Gravity Gradient Toques 
Skew 2 0.9 Deg About Y-Axis for No Bias Gravity Gradient Toque 
No Skewing Requires PS CMG Desaturation Every 4 Orbits (Excluding Aero) 

Principal Moment of Inertiais 

Principal Axes Misaiignment 

Figure 4.2.6-3 A-10 Control Considerations 
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The feas ib i l i t y  of skewed orientat ions o r  orientat ions requir ing periodic 

CMG desaturation operations depends on mu1 t i p l e  payload accomnodation 

requirements which are not avai lable a t  t h i s  wr i t ing.  

Typical maneuver disturbances resu l t  from vehicle reorientation, point ing 

system payload reorientation, and point ing system raster  scanning. l h e  

torque h is tor ies used t o  effect these maneuvers can be designed t o  minimize 

the structural  responses. 

higher frequency vibrat ions 

a t  higher frequencies. For 

raster scan as a sp i ra l  mot  

orque h is tor ies w i th  "sharp corners" exc i te  

Smoother torque h is to r ies  can reduce response 

example, t h i s  can be done by implementing a 

on rather than a square o r  rectangular motion. 

Lower frequency responses can be minimized by designing raster scan o r  

maneuver periods t o  be long re la t i ve  to  f l ex ib le  structure periods o f  

vibration. This tray not be too corctraining since structural  v ibrat ion 

periods are expected t o  be less than 10 sec (0.1 Hz) except f o r  the solar 

array. Smaller torque magnitudes are consistant w i th  longer maneuver periods 

and t h i s  reduces the disturhance effects. 

Optimal maneuver torque h is tor ies can be defined which ef fect ive ly  l i m i t  

energy input to  the structure near given frequencies and thus desired 

structural  modes can be restrained f r o m  being excited. The more complex 

the torquing h is tory  the more modes that  can be accomnodated wi th  minimal 

response. This concept applies d i rec t l y  t o  reor ientat ion maneuvers, but 

does not appear t o  be as applicable t o  a raster ing s i tuat ion where a basic 

raster t ra jectory  per iod ic i ty  may be desirable. 

Figure 4.2.6-4 depicts torque h is tor ies which resu l t  i n  a r i g i d  body reor ientat ion 

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

139 



the a t t i tude  has charmed). The square wave approach i s  a minimum time approach 

for a given torque magnitude, but the quick change i n  acceleration (high 

j e rk )  can exc i te  vibrat ions wi th  frequencies above the square-wave fundamentai 

frequency. The (1-cos d ) / 2  function smooths the corners t o  reduce the high 

frequency excitat ion, but the fundamental frequency i s  re la t i ve l y  unchanged. 

The torque optimized t o  the structure'shows an approach which sums cosines 

a t  various frequencies which resu l t  i n  mininum energy input t o  harmonic 

osc i l la t ions a t  desired frequencies. The s ta r t ing  and stcpping j e r k  o f  

t h i s  -xample would exci te high frequency osc i l la t ions  however. Further work 

on shaped torque techniques i s  required. 

Previ ou 8 Ana lyses 
Use Step Functions 

I 
Mane- 
uver 

High Frequency Excitation 
Minimum Toque-Amplitude/ 
Maneuver Time Product 

Maneuver Toque Variables 
Magnitude 
Shape 

, Time Period 

Future Analyses Will 
Use Smoothed and 
Shaped Toque Functions 

Maneuver 

Toque 

Maneuver 

Torque 

Figure 4.2.6-4 Maneuver Torque Time Histor ies 
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4.2.7 SASP Moment.um Dump Options 

Several approaches t o  PS CMG momentum dumping are shown i n  Figure 4.2.7-1. 

A l l  are possible w i th  the Reference PS capabi l i ty  with the exception o f  a 

possible requirement f o r  addit ional magnetic torquers. The addit ional 

magnetic torquers could be mounted on the PS o r  SASP. The requirement f o r  

magnetic torquers could be mounted on the PS o r  SASP. The requirement f o r  

magnetic torquing capabil i t y  and momentum storage capabi l i ty  w i l l  u l t imately 

depend on the orientat ions flown snd the sens i t i v i t y  o f  the payloads t o  

variat ions about the basic orientat ions. Long orientat ion-hold durations w i th  

no var iat ion from the or ientat ion leads t o  large momentum sto age requirements 

and/or large magnetic torquing capabi l i ty  requiyements, Detai l  or ientat ion 

requirements are needed t o  define CMG mmentum storage requirements and 

momentum dump procedures. 

Option Comment 

Reference PS Magnetic Torquing 
System 

Addition of a SASP Magnetic 
Torquing System for Added 
PSlSASP Capability 
Orientation Selection to 
Minimize Momentum Buildup 

Periodic Maneuvers to 
Advantageous Orients lions 

k .  

Continuous kaneuvering 

Momentum Feedback lor 
Onboard Orientation 
Commanding 

Can Operate Continuously but Only 
Limited Capability (-900 N-M-S per 
Orbit) 
Magnetic Field Contamination Must 
Be Considered 
Detailed Orientation Requirements 
Needed to Identify Requirement 

Includes Limiting Available 
Orientations and Using Skewed 
Orientations 
May Impact Payload Viewing 
Maneuver May Disrupt Payload 
Operations 
Frequency Depends on Orientation 
and Configuration 
May Impact Paybad Operations 
Maneuvers Normally Small 
Can Operate Indefinitely 
Results in Skewed andlor Continuously 
Maneuvering Orientations 

Figure 4.2.7-1 PS CPIG Momentum Dump Options 
(Selection i s  Dependent on Orientatfon and Payload Sensi t iv i ty )  
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4.2.8 Dynamics Analysis 

Early dynamics analysis e f f o r t  consisted of generatin? a s imp l i f i ed  bending 

model of the PS/SASP crossarm configuration. Later i n  the study a higher 

f i d e l i t y  NASTRAN dynamic model was generated. A r i g i d  body model o f  the AGS 

(Annular Suspension Point ing System G i r t h 1  System) was used t o  define the  

payload 1 ine-of-sight motion t o  1 inear-acceleration-at-the-gimbal tratrsfer 

function. This t ransfer  function was used t o  estimate LOS (1 ine-of-sight) 

disturbance for the AGS mounted on a f l ex ib le  SASP and disturbed iy another 

AGS performing a slew maneuver. 

Figure 4.2.8-1 was u=ed t o  choose a con t ro l l e r  bandwidth. 

applies t o  i n e r t i a l  hold or ientat ions and rotat ions about the ax is  perpendicular 

t o  the o r b i t  plane ( the 1 a x i s ) .  The s o l i d  curves define maximum vebicle 

a t t i t ude  e r ro r  due t o  g rav i ty  gradient disturbances versus PS a t t i t u d e  control 

system bandwidth ( s t t i  tude feedback) for several d i f fe ren t  vehicle moment 

Figure 4.2.8-2 

o f  i n e r t i a  configuration factors ( k ) .  Typical disturbance frequencies are 

noted along w i th  a r e a l i s t i c  control system bandwidth region. The r u l e  o f  

thumb control system design c r i t e r i a  of disturbance frequencies, con t ro l l e r  

bandwidth and s t ructura l  frequencies a l l  being separated by factors of teit 

are applicable except for the r e l a t i v e l y  low so lar  array f l e x i b l e  frequencies 

derived from previous studies (PEP, 25 kW, PS, 0SI.l). The moment o f  i n e r t i a  

c f  the so lar  array i s  not  s m a l l  compared t o  the \:hole vehicle and a 0.01 Ht 

cont ro l le r  bandwidth may resu l t  i n  low damping a t  the  solar array frequency. 

The dynamic model bending frequency range (based crn the NASTRAN model) i s  

noted and i s  a factor of 10 above the 0.1 Hz maximum cont rp l le r  bandwidth. 
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FREQUENCY (Hz) 

Figure 4.2.8-1 ACS Frequency Considerations, 
Inertial Hold, POP Axis 

ASSUMPTIONS 
RIGID POWER SYSTEM NOTE: . O N C  FLEXIBLE MODE FOR EACH SOLAR. 

0.01 MZ COZTROLWSTEM BANOWIOTH 

2 BENMUO ~NCLUOCP 
ARk.\V WING TRANSLATION ALOMG 2 .  AXIS AND ROTATION 

AXIS 
t I I Y  A W T  x. 

F i  gurp 4.2. G-2 SASP Simp1 if ied Dynamics 
Analysis Model 
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For example, the maximum gravi ty-gradient-induced a t t i  tude e r r o r  f o r  a worse 

case configuration ( K = 1 )  i s  1.4 arc min for  a con t ro l l e r  bandwidth o f  0.01 

Hz. This corresponds t o  p la t form point ing s t a b i l i t y  and could be improved 

(a factor  of two o r  more) by using in tegra l  Or a t t i t u d e  feedback i n  the PS 

a t t i t ude  control subsystem ( A C S ) .  

A s imp l i f ied  f l e k i b l e  dytianiics model of the platform configuration shown i n  

figt1t.e 4.2.S-2 was used fo r  conlputer analysis of bending and to rs ion  modal 

frequencies and nude shapes. 

bean1 (nlodule coi i f iyurat ion 1-6) and the PS was considered r i g i d .  

,~rt-ay wing wcis considered a canti levered massless heam w i th  a po in t  mass 

attached ,It the outer end. 

o f  0.02 tlz was asswed. 

t-ot,ttional spring representing the control systeni w i th  a 0.01 Hr bandwidth. 

The yimballed payloads were assumed t o  have no ro ta t iona l  i n e r t i a  (except 

for  siiii;llated pal l e t s )  which represents the i so la t i on  capab i l i t y  of the 

aLk i : i a ry  po int ing systeni. 

c t c q i w s  -of  f t-cc',toi?i; t hc t o r s i  011 iiiodr1 b dcyrccs-of - ftvcdoni. 

the standoff s t ructure between the PS and the c r o s s a m  was increased 

subsequent to  generation of the sinipl i f i e d  model which lowered frequencies 

sonwhat. The N A S T M  model (discussed elsewhere) modeled the longer o f f se t  

structure. 

The p la t form truss s t ructure was modeled as a 

Each so lar  

A solar  array c a n t i l i v e r  (from the PS) frequency 

The PS was connected to  i n e r t i a l  space w i th  a 

The s impl i f ied banding inode1 had a t o t a l  o f  32 

Thc 1 cngth o f  

Figure 2.7.2-3 contains the resu l ts  o f  the computer analysis o f  the s impl i f ied 

S A W  dynaiiiic model .  These are discussed i n  Section 2.7. 

d e p i c t s  thc nleshaiiics o f  aux i l i a ry  po int  fig systeni (APS) l ine-of -s ight  (LOS) 

disturbance. 

perpendicular t o  the LOS.  

Fiqure 2.7.3-2 

The disturbdricc input i s  1 near accelerat ion of  the gimbal 

Other motions cause only second-order disturbance 
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ef fects  (such as gimbal f r i c t i o n )  a t  lower frequencies. Point ing system &nd 

payload f l e x i b i l i t y  can become signi f icant a t  higher frequencies but were 

not modeled here. The gimbal acceleration ( A 4  Los) i s  measured by a base- 

mounted accelerometer and the signal t o  the gimbal torquer.to cancel the 

mechanically induced disturbance torque. Accelerometer measurmmt error  

(due t o  accelerometer bandwidth, scal factor, bias, resolution, sample 

frequency and mounting location) and s imi lar  gimbal torquer errors as we1 

as mass properties predict ion errors (i.e., e r ro r  i n  estimating KTD), resu l t  

i n  less than 100 percent of the mechanical disturbance being cancelled by 

the accelerometer feedforward s gnal. Therefore, the disturbance t o  the LOS 

due t o  an acceleration disturbance i s  not zero, though i t  i s  small f o r  cer ta in  

f requenci es . 

Acceleration disturbances perpendicular t o  the LOS resbl t  fm r i g i d  body 

motion and from f lex ib le  dynamic motions. The f igures on the r i g h t  o f  

Figure 2.7.3-2 show how SASP bending and torsion motions generate acceleration 

and LOS disturbance inputs t o  the APS. 

The model shown on Figure 4.2.8-3 was used t o  estimate the iso la t ion  capabi l i ty  

o f  an aux i l iary  point ing system. The accelerometer was assumed t o  have a 

20 Hz bandwidth, damped a t  40 percent of c r i t i c a l .  The payload assuned was 

the SIRTF. The contro1:er gains assumed were: 

K1 = 1 (non-dimensional) 

KR = 16 sec-' 

Kp = 64 sec-' 

1 Hz bandwidth 

and were supplied by Sperry as typical  for t,.e Annular Suspens.m Pointing 

System Gimbal System (AGS). 3 

value and estimate, respectively. 

and JEQ are the gimballed moment-of-inertia EQ 
And s imi la r ly  for  KTD and KTD, the 
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Now 

Disturbance Toque cro, 
I KTD I 

Figure 4.2.8-3 AGS* Disturbance and Contro l ler  Model 

gimballed mass moment (see Figure 4.2.8-2). 

and 1~1 percent were analyzed. 

KTO er ro r  values of 0, 1, 5, 

The SIRTF/AGS mass propert ies assumed were: 

m = 3310 KG 

1 = 3.64 m 

KTD = 12,000 KG-m 

JEQ = 48,000 KG-m 2 

The 1 ine-of-s ight  (LOS) disturbance per gimbal accelerat ion performance i s  

shown i n  Figure 4.2.8-4. The transfer function peaks near the  1 Hz gimbal 

servo bartJwidth and again a t  the 20 Hz accelerometer bandwidth. Structural  

dynamic resonances i n  the SIRTF and AGS add sharply defined peaks t o  these 

frequency responses but are el iminated for t h i s  s impl i f ied analysis. 

Assuming a f i v e  percent KTD error,  a peak value o f  420 arc-sec l ine-of -s ight  

(LOS) er ro r  occurs per g of acceleraLlun a t  0.4 qz. As shown below, t h i s  
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m 

0.1 1- 1 I I 

10 ' 0.001 0.01 0.1 1.0 
'Annular Suspension Painting System F-ew OW 
Gimbal System 

Figure 4.2.8-4 AGS* Gimbal System Acceleration Disturbance 
Iso lat ion Capabil i ty SIRTF Payload 

is loat ion capabi l i ty  i s  qu i te  good far the acceleration disturbance levels 

expected. The resul ts and an interpretat ion o f  t h e i r  impact are contained 

i n  Figure 2.7.3-3 i n  Section 2.7. 

4.2.9 Theml/Structure Response 

In Figure 2.7.4-1 o f  Section 2.7, the structural  response t o  thermal gradients 

were presented. The mechanical dynamics were modeled as a resonance representing 

the f i r s t  bending mode. Higher frequency modes w i l l  be excited by the thermal 

transient but f i r s t  mode should dominate since ,he thermal deformation "shape" 

i s  s imi lar  t o  the mode shape o f  the f i r s t  bending mode. The s impl i f ied 

dynamic model described above was used t o  define the f i r s t  mode bending 

frequency (0.55 H t )  . 
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The thermal t ransient a t  the o r b i t  day-night t r a n s i t i o n  was modeled as a 

l i n e a r  system operating about the midpoint temperature o f  the t ransient.  

This temperature t rans ient  was input as a force through a gain fac to r  t o  the 

resonance and the resu l t ing  accelerat ion peak was determined. The gain 

factor i s  the r a t i t ?  o f  s t a t i c  t h t m a l  deformation per degree o f  temperature 

d i f f e r e n t i a l  (:T) times the ef fect ive spring constant o f  the f i r s t  bending 

mode. The t rans i t i on  f r o m  day t o  n ight  takes about 7.8 sec which i s  short  

compared t o  the thermal time constant (1200 sec) but  long compared t o  the 

f i r s t  bending mode period (1.8 sec). 

as a step and a ramp for 7.8 sec t o  see the effect on the resu l t ing  accelerat ion 

( the ramp reduces accelerat ion by a factor  of 6). 

Therefore, the  input  power was modeled 

The resu l ts  o f  the analysis ind icate accelerations a t  the outer end o f  a SASP 

o f  wel l  under l o e 6  g's a t  the 0.55 Hz f i r s t  mode bending frequency. 

on the previously described AGS point ing system model, the resu l t ing  

payload l ine-of -s ight  disturbances are below the 0.01 arc-sec noise leve l  

o f  the Annular Suspension Point ing System. Therefore, i t  i s  p re l im ina r i l y  

concluded tha t  thermal deformation t ransients f o r  graphi te/epoxy s t ructure 

are not s ign i f icant  t o  e i t he r  l o w 4  payloads o r  po int ing payloads. For 

a1 uminum structure, the thermally induced accelerations are on the order 

o f  9 ' s  which exceeds the Materials Processing payload G requirements. 

Note, however, that  the accelerations calculated apply t o  the outer ends o f  

the SASP crossarris and a materials processing payload normally would be 

mounted closer t o  the c.g. (because o f  o r b i t a l  dynamics and centr i fugal  

accelerat ion considerations) where thermal defornations may be much less. 

The l o e 4  G accelerat ion a t  0.55 Hz i s  not  a sma l l  input t o  an APS. 

structure niay cause LOS errors  of about 0.04 arc sec which may not be 

acceptable t o  a1 1 payloads. 

Based 

Aluminum 
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Note that  the NASTRAN dynamics model showed lower- freqwacies which would 

tend t o  reduce the thermally induced accelerations shown above. 

4.3 COWlUNICATIONS AND DATA MANAGEMNT TRAMS 

The key trade studies that  were performed i n  the Commrnications and Data 

Management area are defined i n  Figure 4.3-1. This f igure  also s h m  the 

factors considered i n  each trade study. The three trade studies were: 

(1 ) central ized versus d is t r ibuted payload control (data processing support) ; 

(2) payload data storage a l locat ion t o  Power System, Platform, o r  pa l le t ;  and 

(3) experiment data mult iplexing a l locat ion t o  Power System versus Platform. 

Centralized vs IDistributedI Payload Control 
e On-Orbit Integration 
e Prelaunch Checkout Autonomy 
e Payload Data Autonomy 
e Overall Data Processing Efficiency 

Payload Data Storage on mJ, -1 
or Pallet 

Multiplexing on 1-1 
rs. [Platform] 

e Accommodation of First Order 

e Cost Deferral 
e Compatibility with Data 

Storage Configuration 

Platform 

0 Accommodation of First 
Order Platform Payloads 

e Efficient Use of High 
Rate TDRSS Channeld 

e Cost Deferral 
0 Minimize High Rate 

Data Handling 

Figure 4.3-1 Data knagement Options and Selections 

4.3.1 Centralized Versus Distr ibuted Payload Control 

4.3.1 .l Overall Requirements Sumnary 

The SASP Data Management System provides a data interface w i th  the payloads. 

Comnands going to the payloads and engineering and sc ien t i f i c  data coming 

f r o m  the payload cross t h i s  interface. Processing associated wi th  t h i s  data 

can be allocated t o  the payload, the host vehicle (Power System/SASP), o r  
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the ground. 

SASP, i t  i s  probable tha t  some data processing w i l l  be required a t  each o f  

the above locat iors.  

l ines tha t  can be used t o  develop a SASP data management system configuration. 

For the large var iety o f  payload configurations planned f o r  

It i s  desirable t o  develop processing a l locat ion guide- 

4.3.1.2 Important Factors and Considerations 

Some o f  the important factors i n  t h i s  study are shown i n  Figure 4.3-1. One 

factor  that  i s  unique t o  the SASP concept i s  tha t  the payload and the host 

vehicle (SASP) data system w i l l  be integrated on o r b i t  a f t e r  a payload 

exchange. Previous experience indicates tha t  t h i s  process can be extremely 

time-consuming, especial ly if there i s  a complex interface between the payload 

and the software i n  the host vehicle. 

the des, 

interface to  the extent tha t  Spacelab payloads can be flown on SASP wi th  

minimum change. 

computer f o r  data processing support, t h i s  desire i s  not consistent w i th  the 

goal o f  optimizing the on-orbit  integrat ion o f  the interface. 

Another important consideration i s  

t o  provide a payload interface tha t  emulates a Spacelab payload 

Where the Spacelab payload re1 ies  on the Spacelab experiment 

4.3.1 .3 Work Accompl i shed 

The data interface defined f o r  Spacelab payloads f o r  Missions 1, 2, and 3 

was reviewed. Most of these payloads r e l y  on the experiment computer f o r  

some level  of support. However, i t  was determined tha t  50% t o  60% o f  these 

payloads have a Dedicated Experiment Processor on the payload side of the 

interface. The trend on Spacelab payloads, and the desire of the pr inc ipa l  

investigators, i s  c lear ly  i n  the d i rec t ion  of dedicated processors on the 

payloads. One of the primary dr ivers of t h i s  trend i s  the autonomy i n  

development and integrat ion that i s  provided. 
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The processing functions associated wi th  payload operations ( for  Spacelab 

payloads) were investigated. Typical functions are 1 i s ted  i n  Figure 4.3.1-1. 

This f igure also suggests an al locat ion of these processing functions t o  a 

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

Central Processor 

Manage common resources (eg power) 
0 Down load experiment programs 
0 Relay commands from ground 
0 Provide common platform 

data (e.g. attitude, position) 
0 Macroschdule experiment 

operations 

Dedicated Experiment Processor 

0 Equipment checkout and calibration 
0 Experiment operation (microscheduling) 
0 Input data/command processing 
o Data acquisition (formatting, annotation) 

Data processing (sorting, correiding, 
estimating) 

Figure 4.3.1-1 Experiment Onboarc’ Processing 
Function A1 1 ocat i on Exampl e 

4.3.1.4 Conclusions and Conmcmts 

To provide a SASP design tha t  w i l  allow on-orbit  integrat ion o f  payloads, 

payload data processing should be allocated t o  a dedicated experiment processor 

except f o r  functions that  involve d i rect  Power System interfaces (ground 

comnunication, power management, etc.). Central processor support t o  payloads 

should be l im i ted  t o  top-level payload control, central resource management, 

communication interface support, and s imi lar  functions tha t  cannot be done 

a t  the payload. This approach implies some possible impact t o  Spacelab 

payloads. 

the a1 ternat i  ves avai 1 ab1 e t o  re1 ieving that impact. 

Further study i s  required t o  establ ish the degree of impact and 
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4.3.2 Payload Data Storage on Power System, Platform, o r  Pa l l e t  

4.3.2.1 Overall Requirements Sunmary 

Payload data storage i s  required on-board the Platform (1) t o  prevent data 

loss during periods o f  TDRSS non-avai labi l i ty, and (2) t o  accumulate data 

SO t ha t  i t  can be dumped t o  TDRSS a t  high rates, thereby making be t te r  use 

o f  TDRSS resources. This payload data storage could be handled on the Power 

System, the Platform, o r  the payload ca r r i e r  (pa l le t ) .  The a b i l i t y  t o  

comnunicate w i th  TDRSS a t  any given time may be l im i ted  by v i s i b i l i t y  

(orclusion by the earth), Power System antenna look angles, o r  h igher-pr ior i ty  

users. 

4.3.2.2 Important Factors and Considerations 

Several factors enter i n t o  t h i s  trade. F i rs t ,  i t  i s  desirable t o  minimize 

high rate data handling t o  reduce data equipment complexity. 

storage were provided on the pal lets, high ra te  dumps o f  mul t ip le-pal le t  

I f  data 

r e  that the outputs o f  mul t ip le  high ra te  recorders be 

bet ter  approach would seem t o  be t o  acquire mult iplex and 

then dump the already multiplexed data a t  a high rate. 

data would requ 

multiplexed. A 

store the data 

A second factor i s  the goal o f  providing data storage for payloads on the 

F i r s t  Order Platform. Since Spacelab payloads have avai lable the 32 Mbps 

Spacelab data recorder, i t  seems reasonable t o  provide a t  leas t  the equivalent 

capabi l i ty  f o r  the F i r s t  Order Platform. 

A t h i r d  factor i s  the desire t o  defer the deployment of storage capabi l i ty  

(beyond that required by F i r s t  Order Platform payloads) u n t i l  the Second 

Ordel' P l a t f o r m  i s  placed i n  operation. This has the advantages o f  (1) 

deferr ing costs, and (2)  allowing the use of  l a t e r  technology for the Second 

Order P l a t f o r m  data storage capabil i ty. 
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4.3.2.3 Work Accomplished 

TYPE 

MAGNETIC 

ELECTRON 

HOLOGRAPHY 

A1 ternative data storage technologies were investigated t o  i den t i f y  candidate 

technologies f o r  a mid-1980's platform. Figure 4.3.2-1 compares several data 

recording technologies and ident i f ies  near-future 1 i m i  t s  i n  magnetic storage 

devices. Current (Spacelab) recorder technology provides 3.8 x l o l o  b i t s  

FEATURES LIMlTAnONS 

- IMMEDIATE READOUT BANDWIDTH LIMITED 
ERASABLE, RERECORDABLE 

LARGE CAPACITY DELAYED READOUT 
LARGE BANDWIDTH 

LARGE CAPACITY DELAYED READOUT 
LARGE BANDWIDTM REWIRES FILM PAOCESINO 
REDUCED SIZE AND POWER 

REOUIRES FILM PROCESSING 

t o t a l  storage on a single tape recorder wi th maximum record and playback 

T W E  

LONGITUDINAL 

ROTARY MEAD 

rates of 32 Mbps. 

lead to  recorders 

storage capabil i t  

~ ~ 

TAPE WEED m i  RATE 
BIWIN 0NIsEC.l CHANNELS laQsl 

SOU 120 2 12 M 

6DU *Po0 2 100 M 

Development work planned o r  current ly i n  progress w i l l  

wi th record/playback rates i n  excess o f  100 Mbps and t o t a l  

es o f  up t o  lo1' b i ts .  Other technologies (e.g., bubble 

memories) have promise but are not expected t o  be developed t o  the extent 

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

AVAILABLE OFF THE SMELF - 1970 

INlUT DATA RATE STORAGE TIME TOTAL STQRAGE 
msl WIN1 (BllSl 

32M 20 a a 4 X l O E l O  

Figure 4.3.2-1 Recorder Limitat ions 
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4.3.2.4 Conclusions and Coments 

The SASP should provide data storage f o r  the payloads. A central ized payload 

data storage f a c i l i t y  w i l l  be more cost e f fec t i ve  than payload-provided 

storage, and w i  11 simp1 i fy the overal l  pay1 oad data management problem. 

Some payload data storage, a t  least  equivalent t o  that  provided by Spacelab, 

should be provided by the Power System. This capabi l i ty  should be 

supplemented by addit ional tape recorders i n  the Second Order Platform support 

module to  handle the increased data quant i t ies expected from Second Order 

Platform payload groups and t o  provide higher data dump rates f o r  the l a t e r  

time period when TDRSS loading w i l l  be higher. 

4 .3 .2 .5  Mult iplexing on Power System o r  P l a t f o r m  

Mult iplexing o f  payload data (and Platform/Power System data) i s  required t o  

make use o f  the avai lable communication channels. 

configuration, the inult iplexing function can be concentrated i n  the Power 

System o r  i t  can be d is t r ibuted between the Power System and the Platform 

Support Module. For the same reasons tha t  were c i t ed  i n  the data storage 

trade, and t o  provide cornpatibil i t y  wi th  the selected data storage configuration, 

the mult iplexing function should be provided i n  the Power System t o  meet F i r s t  

Order P l a t f o r m  requirenents. This should be supplemented w i th  addit ional 

mult iplexing capabi l i ty  i n  the Second Order Platform. This approach, as i n  

the data storayi: approach, allows costs t o  be deferred where possible, and 

allows the poss ib i l i t y  of 1 3 t e r  technology being used f o r  second order platform 

data system elements. 

For a second order platform 

4.4 

This paragraph reports on trades performed t o  resolve key issues i n  the 

configuration design. 

BERTt1ING EQUIPMENT AND ALTERNATE PAYLOAD CARRIERS 
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4.4.1 SASP/Orbi t e r  S t r u c t u r a l  Interface S y s t e m  

S e v e r a l  O r b i t e r  berthing s u b s y s t e m  o p t i o n s  w e r e  compared  f o r  p l a t f o r m  4n i  t i a l  

deployment and on-orbit servicing. 

4.4.1.1 R e q u i r e m e n t  S u m r y  

T a b l e  4.4.1 -1 presents the requirements for the berthina subsys tem.  

0 PROVIDE A BERTHING INTERFACE AND A STRUCTURAL BRIDGE BETWEEN THE 
ORBITER AND FREE-FLYING SPACE PLATFORM OR A POWER MODULZ. 

0 SYSTEM SHALL INTEilFACE WITH ORBITER I N  THE FORWARD PORTION OF THE 
CARGO BAY AND BE COMPATIBLE WITH THE INSTALLATION OF SPACCLAB 
PDDULE, SHORT ACCESS TUNNEL, AIRLOCK, MMU INSTALLATIONS, KU ANTENNA, 
AND LEFT AND/OR RIGHT HAND RMS INSTALLATION. 

0 THE CENTERLINE OF THE DEPLOYED INTERFACE SHALL BE LOCATED AT Yo = 0, 
20 = 5 1 5  MINIMUM, AND +Xo = 633 MAXIMUM. 

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

0 THE STRUCTURAL STIFFNESS OF THE BERTHING SYSTEM SHALL BE A 4 x lo6  FT/LB 
PER RADIAN I N  BOTH BENDING AND TORSION. I N  THE DEPLOYED POSITION THE 
SYSTEM SHALL EXHIBIT  NG LOOSENESS OR BACKLASH I N  JOINTS OR DRIVE 
ACTUATORS. 

e SYSTEM SHALL NOT PRECLUDE EVA EGRESS FROM ORBITER AIRLOCK. 

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

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

0 THE ACTIVE PORTION OF THE MECHANISY TO BE ON THE ORBITER SIDE OF 
THE INTERFACE . 

0 INTERFACE WITH POWER SYSTEM AND/OR SASP I N  A MANNER TO PLACE t Y  
AXIS PAYLOADS AT ORBITER STA Xo 550 MAXIMUM. - 

0 PTOVIDE +90° ROTATIONAL CAPABILITY AT SASP/ORBITER INTERFACE 
(OPTION% REQUIREMENT) 

T a b l e  4.4.1-1 S A S P / O r b i t e r  B e r t h i n g  S y s t e m  R e q u i r e m e n t s  
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4.4.1.2 Important F x t o r s  and Considerations 

The selected berthing concert should have minimum impact on the current 

Orbi ter  and Power Systems designs and operalions. Addi t ional ly,  the desigfi 

should not unduely complicate the plat form design. Compliance w i th  these 

considerations w i l l  be re f lected i n  a lower cost and weight w i th  enhanced 

safety and re1 i a b i  1 i ty. 

An important aspect of the platform design i s  the a b i l i t y  t o  accept a wide 

var ie ty  of payload sizes and geometries. Achieving t h i s  goal o f  f l e x i b i l i t y  

i s  an important consideration i n  the berthing subsystem design. 

4.4.1.3 Work Accomplished 

During the study, various berthing system options were invest igated as shown 

i n  Figure 4.4.1-1. The i n i t i a ;  berthing provis ic? shown i n  Option 1 i s  a 

deployable adapter that  places the Platform oucboard o f  the cargo bay and 

also forward along the ( X )  axis. 

o f  the RfIS. However, t h i s  concept i s  not compatible wi th  the Spacelab s o r t i e  

mode. Option 2 i s  the MSFC baseline concept which i s  a truss-type structure 

which mounts t o  the Orbi ter  s i ? '  and keel f i t t i n g s .  The adapter remains i n  

the cargo bay and i s  del ivered each time a berthing operation i s  desired. The 

upper section i s  deployable and incorporates four RMS end ef fectors  a t  the 

interface. Option 2 deploys from the cargo bay a t  approximately S t -  Xo 633 

thereby placing the Platform i n  a manner tha t  r e s t r i c t s  R I 6  operatr . '  3 .  

Option 3 adds an extension t o  the interface and moves the berthing por t  fc,.ward 

t o  provide clcarance betwc.en ( - Y )  axis payloads and the P K .  

capab i l i t ies  are included t o  permit ro ta t ing  the Platform t o  c lear  the cargo 

bay and/or place payloads w i t h i n  the RMS reach envelope. Options 1, 2 ,  and 3 

are concepts that  remain w i th  the Orb? -r and require cargo bay volume and 

ROtatiOnd1 prov is iow permit f u l l  u t i l i z a t i o n  

Rotational 

1 5 €  



OPTION 4 

Figure 4.4. 

OPTION 2 OPTION 3 

weight a1 Iocations. 

I f  the Plat formis large wi th  payload ports out o f  reach of the RMS, the f i r s t  

four options require reberthing the Orb i ter  +o service the remote ports. 

Option 5 eliminates the requirement for reberthing by permit t ing the Orb i ter  

t o  be moved along a platform arm. Optinn 6 adds a t u r r e t  t o  the provisions 

for l inear  t rans lat ion so that  the Orbi ter  can be moved down one arm and then 

along an intersect ing arm as required t o  reach a l l  p lat form ports. 

Options 4 and 5 are configured t o  remain wi th  the platforms. 

4.4.1.3.1 F i r s t  Order Platform Berthing System - The F i r s t  Order Platform 

Berthing System shown i n  Figure 4.4.1-2, incorporates ail Orbi ter  Berthing 

System ar- 2 1 s t  Order Platform Berthing Adapter. TSe Orbi ter  Sys tm shown 

i s  the cowept d e f i w . '  'n MSFC's 25 kW Power System Reference Document #PM-001, 

dcted September 1979. The structur, i s  attached t o  Orb i ter  f i t t i n g s  2;; 
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Joint -, 
2.W Min. 

1.m Dia opening 

ActiveHan-6mthing 
LatChlntertaCs 

TensioncsMe 

shuttle Launch 

Shuttle bunch Suppart 

orbiter Berthing system Extended 

Figure 4 - 4 - 1 4  I s t  Order Platform Berthing System 

Sta Xo = 617 and Xo 675.6. The system deploys approximately 4 f t i n  the +Zo 

d i rec t ion  f o r  clearance between the berthed spacecraft and the Orbiter. The 

Orb i ter  Berthing System i s  configured t o  be compatible w i t h  a Spacelab 
# 

ins ta l l a t i on .  The s t ruc tu ra l  in te r face  shown i s  the  current ac t i ve  ber th ing 

l a t ch  concept being stl;died by MDAC under the Space Platform Advanced 

Technology Study, Contract NAS9-16001 and described i n  parigreoh 3 3 c .  The 

mechanism provides the power t o  capture, latch, and secure the passive h a l f  o f  

the interface. 

ac t i ve  side o f  the interface. The 1st  Order Platform Berthing Adapter i s  

approximately 2 . l m  long atid incorpt-ates an act ive and a passive interface 

system, The passive interface i s  configured to  iiiate w i th  the Orb i ter  

Dr,-king/3erthing Sy;tem shown. The ac t ive  berthing mechanism i s  ident ica l  t o  

Power t o  deploy the umbilicals, etc., i s  provided by the  
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the Orbiter system with the support s t ru ts  and/or shock attenuators removed. 

Since the Power System w i l l  be passive during the berthing operations, captive 

latching and umbilical en9gement w i l l  be performed by the adapter wi th power 

from the Orbiter. Rotational capabi l i t ies  o f  590" are provided a t  both 

interfaces adding f l e x i b i l i t y  i n  placing 1 s t  order platforms i n  a posi t ion to 

minimize c rgo bay obstruction and maximize RMSrwch capabil i ty. 

4.4.1.3.2 2nd Order Platform Berthing System - The 2nd O r d e r  Berthing 

System shown i n  Figure 4.4.1-3 resulted from the requirement of servicing 

the SASP with the Orbiter l i m i t e d  t o  i. single rendezvous/berth witk ;hl.,-'. 

The concept incorporates a telescoping boom and the Orbi t e r  Berth4 nQ ystem. 

The telescoping boom i s  an integral par t  of the 2nd Order SASP support module 

and i s  stowed under the support module structural  extension during launch. 

The passive h a l f  o f  the interface i s  configured t o  mate wi th the Orbiter 

Berthing System. Power t o  mate the interface i s  supplied by the Orbiter. 

The Orbiter Eerthing System shown i s  the standard system described i n  

paragraph 5.3. The 7.6 m retracted length of the boom enables the Orbiter t o  

be rotated t o  place inner ( Y )  a x i s  payloads wi th in  reach capabi l i t ies  o f  the 

RMS. The 14.6 m deployed length together wi th the rotat ional  features, enables 

the Orbiter RMS to  service a l l  SASP payload locations and completely service 

the Power System, including replaczment of the Reboost Module. A detai led 

description of the Telescoping Boom i s  i n  Section 5, Paragraph 5.3. 

4.4.2 Payload Carrier 

Although the Spacelab p a l l e t  i s  the primary paylgad ca r r i e r  considered i n  the 

study, s. I ..a1 other options were evaluated. These alternate carr ier ;  

have advantages for platform application, because the requirements are relaxed 

somewhat from the Spacelab so r t i e  mission mode where payloads must operate i n  
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r900 

Figure 4.4.1-3 2nd Order Platform Berthing System 

the Orb i ter  bay. This relaxation o f  requirements can resu l t  i n  designs 

which are lower cost, lower weight.and are adaptable t o  many experiment 

viewing and packaging requirements. 

4.4.2.1 Reoui remects Sumnary 

Table 4.4.2-1 l i s t s  the primary requirements imposed on payload car r ie rs  f o r  

platform application. 

4.4.2.2 Important Factors and Considerations 

The palload ca r r i e r  concepts investigated emphasized f l e x i b l e  experiment 

characteristics. 

were given prime considerations. 

launch load:, i t  must be unlatched from the payloads during launch and 

engaged on-orbit. Also the load carrying structure mu=+ be unlatched from 

the payload on-orbit. These considerations suggest tha t  a simpler, lower- 

cest,structural interface wi th  the Orbiter may be desirable 'dr SASP payloads. 
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Payloads mounted on the I P S  wi th  large viewing requirements 

Since the I P S  i s  not  designed t o  carry 



0 CARRIER DESIGN TO BE COWATIBLE WITH ORBITER LONGERON AND KEEP 
FITTINGS 

0 CARRIER TO BE COMPATIBLE WITH ORBITER BOOST F W R O N S M  AS DEFINED 
I# SPACE SHUTTLE SYSTEM PAVLOAD ACCOMHODATIONS HANDBOOK JSC 07700 
VOL X I V ,  R E V I S I W  F, 

0 CARRIER TO INCORPORATE A PASSIVE BERTHING SYSTEfl CONFIGURED TO 
INTERFACE WITH THE SASP ACTIWE INTERFACE MECHANISM. 

0 CARRIER TO PROVIDE MULTIPLE PAVLOAD A n A C H  PROVISIONS TO ACCOWrlDDATE 
VARIOUS EXPERIFENT SIZES AND SHAPES. 

0 THE STRUCTURAL DESIGh SHALL PERMIT WE CARRIER TO ACCOW10DATE ANY 
M I G H T  EXPERIMENT U I T H I N  THE ORBITER CAPABILITY. 

0 THE CARRIER TO MINIMIZE WEIGHT AND T H E M  DISTORTION 

0 THE CARRIER CONFIGURATION SHALL H I N I M l Z E  EXPERIMENT VIEUING 
OBSCURATION WHEN BERTHED TO THE SASP 

0 M E  CARRIER CONFIGUliATlON TO MINIMIZE CARGO BAY VOLUME USAGE 
CHARGEABLE TO PAYLOAD. 

Table 4.4.2-1 Payload Carr ier  Requirements 

4.4.2.3 Work Accompl ished 

Several ca r r i e r  options were defined and eval .Jted which are spec i f i ca l l y  

del;igned fo r  platform application. 

4.4.2.3.1 

i n  the Orbi ter  boost environment and i s  configured as not t o  impose viewing 

Payload Carrier Options - The Spacelab p a l i e t  i s  designed for use 

res t r i c t ions  from the cargo bay. Since payloads are cant i lever id  from it, i t  

i s  designed t o  sustain high bending moments and thus i s  heavy i n  terms o f  

weight t o  payload supported. Payload mounting provisions designed f o r  use 

with the SASP can be less complex, l ighter ,  thermally compatible with SASP 

and minimize loads transmitted i n t o  Orbiter. 

Several payload carr iers  are shown i n  Figure 4.4.2-1 i n  which experiments 

can readi ly  be nrunted for launch and sat isfy t h e i r  indiv idual  requjremrnts 
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€SA PALLET MOAC ISOGRlO 
PALLET 7 ORBITER ENVELOPE 
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o OUALIFIEO 
0 MODULARFOR 

0 READILY MODIFIED FOR 

0 GROWTH CAPABILITY 

1.2 OR 3 PALLET 

VARIOUSPAYLOAD REQMTS 

F_EATURES- 
COMI'OSITE UATL 

0 THERMAL OSTORTION 

0 EFFICIENT PAYLOAD 

0 MULTIPLE PAYLOAD 

LOWCOST 
0 MULTI-PALLET 

AOAPTATION 

MINIMAL 

ACCOMODATION 

RESTRAINT LocI\TIoNs 

F_E&TURS 
CC CENTERED ON 
LAUNCH AXIS 
LIGHT WT 
CUSTOM EXPERIMENT 
MOUNTING 
BPRTHING PORT 
INTEGRAL 
V4RIOW PAVLOAO 
SIZE ADAPTATION 

,ORBITER ENVELOPE 

Figure 4.4.2-1 Payload Carr ier  Options 

on a platform. Such car r ie rs  have program advantages, such as minimal 

viewing obscuration, l ightweight, eas i l y  berthed t o  platform, and var iab le 

mounting pattern. They a lso maximize storage volume. The c a r r i e r  can be 

designed t o  carry any weight w i t h i n  the l i m i t  o f  the Orb i ter  capab i l i t y  

while the standard p a l l e t  has carry  weight l im i ta t i ons .  The MDAC i sog r id  

p a l l e t  i s  s im i la r  i n  shape t o  the ESA p a l l e t  except i t  has unl imited 

mounting provisions and i s  1 ightweight. 

The "Pancake" ca r r i e r  concept provides a 1 ightweight c a r r i e r  f o r  small 

experiment users. 

various experiment sizes w i th  custom mounting provisions t o  sa t i s f y  c.g. 

requi rrzments. 

Isogr id  s t ruc tu ra l  design adds f l e x i b i l i t y  t o  accomncdate 
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The "Platform" concept provides a 1 ightweight c a r r i e r  designed f o r  spec i f i c  

experiments. An example i s  shown i n  Figure 4.4.2-1. Sensors designed t o  

operate f ree  of the Orb i ter  need only a simple, l ightweight type c a r r i e r  

configured t o  protect  the experiment i n  the launch environment, be compatible 

wi th  the SASP, and wi th  the on-orbi t payload operational parameter?. . 
4.4.2.3.2 Advanced Payload Carr ier  K i t  -The Spacelab p a l l e t  i s  designed t o  

serve as a standardized s t ructura l  in ter face between s o r t i e  mission pay1 oads 

and the Orbiter. On s o r t i e  missions i t  i s  also the mounting plat form f o r  the 

I P S  for  those payloads requi r ing vernier pointing. Since the IPS i s  not 

designed t o  carry the launch loads tha t  heavy payloads impose on the pal le t ,  

i t  must be unlatched from those payloads for launch and engaged on o r b i t  

requir ing also that  the load carry ing structure be unlatched from the point ing 

payload on o rb i t .  These considerations suggest tha t  a simpler, lower cost, 

s t ructura l  interface wi th  the Orbi ter  may be desirable f o r  SASP payloads. 

The Advanced Payload Carr ier  K i t  concept, configured to  provide an a1 ternat ive 

t o  the Spacelab p a l l e t  for  SASP payloads, i s  shown i n  Figure 4.4.2-2. The 

concept features four basic elements, (1) X, Y, and Z load c a r r i e r  r ing,  

(2: Small Payloads Support Plate, (3) 2 load c a r r i e r  r ing, and (4) SASP 

Berthing Adapter. 

4.4.2.3.3 " X " ,  "Yl ' ,  "2" Load Carr ier  Ring - When the Spacelab p a l l e t  i s  used 

wi th  point ing payloads on s o r t i e  missions, latches must be provided between 

the payload and i t s  support structure which interfaces the pal le t ,  and between 

the payload and the IPS, as described i n  the preceding discussion. 5ince 

the,e 1 atches requi r e  hardwi r e  interfaces for power and s i  ynal s, they compl i ca te  

the pal le t .  When the p a l l e t  i s  used for SASP point ing payloads, these latches 

and interfaces must be retdined and berthing latches and umbi l ical  added f o r  

c t e r f a c i n g  the p a l l e t  wi th  the Platform. 
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. 
Berthing X. V. Z Lord Small Payloads Z Load 
Adiipter Carrier Ring Support Plate Carrier Ring 

b'eatUr98 

Low Cost and Lightweight 

Optimized for Payloads Which Do Not Have lo Operate in Cargo Bay 

Well-Suited for IPS Mounted Payloads (Example SIRTF) 

Minimum Pointing Restriction for Gimbaled Payloads 

Minimum Weight on Platform 

Figure 4.4.2-2 Ad;rar,ced Payload Carr ier  Concept 

With the c a r r i e r  r i n g  concept shown i n  Eigure 4.4.2-3, a l l  latches between 

the point ing payload and i t s  support s t ructure are el iminated as wel l  as 

the latches between the IPS and the payload. Provisions f o r  ber th ing t o  the  

Platformare incorporated i n  the I P S  and the IPS, w i th  those provisions, i s  

supported from the payload for launch. 

This arrangement i s  considerably simpler than tha t  w i th  the  Spacelab p a l l e t  

because of the e l iminat ion o f  latches and power and signal d i s t r i b u t i o n  

from the sup: c. stbuucture which i s  completely passive. Because o f  the  

loading symmetry, i t  i s  also imre e f f i c i e n t  s t ruc tu ra l l y ,  and therefore, 

l i g h t e r  than the Spacelab pa l l e t .  

4.4.2.3.4 Small Payloads Support P late - On some s o r t i e  missions, a number 

of payloads are supported from a p la te  mounted on secondary s t ructure on a 

s ing le pa l le t .  To accommodate payloads of t h i s  type on the SASP, the beam 
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sti f fened machined isogr id  p la te shown i n  Figure 4.4.2-4 was config1 

use i n  conjunction wi th  the payload ca r r i e r  r i n g  shown i n  Figure 4.4.;’-3. 

Because o f  the symnetry of the support provisions, t h i s  configuration i s  

more e f f i c i e n t  s t ruc tu ra l l y  than the Spacelab pa l l e t  and i s  therefore 

l ighter .  While use o f  the Spacelab p a l l e t  for f ixed SASP payloads i s  much 

less complicated than for pointed payloads, the structural  s imp l ic i t y  reduced 

cost and weight savings potential make t h i s  concept a t t ract ive.  

f o r  
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Figure 4.4.2-4 Nul ti -$mal 1 Pay1 oads Support P1 ate 

4.4.2.3.5 "2" Load Carrier Ring - The "2" load c a r r i e r  r i n g  i s  ident ica l  t o  

the r i n y  designed shown i n  Figure 4.4.2-3 wi th the I lY ' l  f i t t i n g  removed. This 

r i n g  i s  supplied f o r  payloads requir ing addit ional longeron support during 

1 aunch . 

4.4.2.3.6 SASP Berthing Adapter - The interface with the SASP for pointed 

payloads launched wi th  the payload car r ie r  r i n g  i s  through the IPS, as 

described ear l ier .  

p la te on the car r ie r  r ing, as shown i n  Figure 4.4.2-1, an adapter i s  required 

f o r  berthing the support r i n g  t o  the P1atform. 

on Figure 4.4.2-5 i s  configured t o  meet t h i s  requirement. 

large payloads, o r  mult ip le small payloads mounted on a support plate, iqhich 

can tolerate a f ixed or ientat ion re la t i ve  t o  the Platform. 

But f o r  f ixed payloads munted on the isogr id  support 

The berthing adapter shown 

It can be used f o r  
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Figure 4.4.2-5 Berthing Adapter Payload Carr ier  Ring 

4.4.2.3.7 SIRTF with Advanced Payload Carr ier  K i t  - The launch conf igurat ion 

shown i n  Figure 4.4.2-6 was selected t o  i l l u s t r a t e  the use o f  the ca r r i e r  r i n g  

concept w i th  a payload which i s  a candidate f o r  inc lus ion on a SASP mission. 

Berthing pl*:visions are located on the base of the IPS and on one ca r r i e r  

r i n g  supporting the tank c luster.  

o f  the Platform and the tank c luster  i s  berthed a t  the po r t  d i r e c t l y  opposite. 

Insulated l ines  for cryogenic helium run from the powered umbi l ical  a t  the 

tank por t  t o  the power umbil ical a t  the IPS berthing in ter face for del ivery  

of cryogenic he' fum t o  the payload. This arrangement appears l igh ter ,  simpler, 

and therefore, lower cost than the use o f  two Spacelab pal le ts .  

The I P S  i s  berthed on a por t  on one side 
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SASP 

I 

SASP Interface 
Carrier Ring Load Carrier Ring Berthing System 

Figure 4.4.2-6 SIRTF with Advanced Payload Carrier 

4.4.2.f Conclusions and Comments 

A comparison o f  the various payload options resul ts  i n  the fol lowing conclusions. 

0 Experiments designed t o  operate free of the Orbiter need only a simple, 

'ightweight ca r r i e r  designed t o  protect the experiment in the launch 

p (rironment. A suitable ring-type has been developed i n  t h i s  study. 

..; wide range o f  payload types, sizes, and requirements indicated tha t  

a modular 'carr ier  designed compatible w i th  a l l  types o f  payloads may 

be the most economical f o r  the SASP appl icat ior  

0 The Spacelab p a l l e t  i s  designed f o r  use i n  the Orbiter and i s  

configured as not  t o  impose viehing res t r i c t ions  from the cargo bay. 

it i s  designed t o  sustain high vending moments and thus i s  heavy i n  

terms of weight t o  payload support- l. SASP payload carr iers  can be 

less complex, l i gh te r ,  and s t i l  thermally compatible with SASP. 
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4.5 THERMAL CONTROL SYSTEM TRADES 

Trades were performed a t  various levels which l e d  t o  the selected subsystem 

concept. The higher leve l  trades impacted other subsystems and have a 

s ign i f i can t  impact on overal l  program cost, schedule, and implementation. 

An example a t  t h i s  leve l  i s  the trade between central ized heat re ject ion 

versus pa l l e t  located heat reject ion. Results o f  t h i s  trade can have a 

s ign i f icant  impact on pa l l e t  and platform design. 

Lower level  trades impacted interface designs, subsystem configurations, and 

detai led configurations and arrangements of subsystem equipment. 

4.5.1 Requirements Sunmary 

The thermal control subsystem must provide cooling t o  each docked payload 

amounting t o  5 kW sustained and 9 kW peak. The 5 kW sustained load i s  a 

nominal value and corresponds to  a payload point ing to  a re la t i ve l y  warm 

environment such a5 solar Lboservation o r  earth viewing. Under these 

circumstances the amclL;I.c I J ;  ' :eat loss passively i s  expected t o  be small. 

Depending upon the s-cc: .. ,.load design and orientat ion, s ign i f i can t  

amounts o f  e lec t r i ca l  heut could be l o s t  d i rec t l y  t o  space and not show up 

i n  the radiator loads. 

6 kW i s  directed t o  the payload, a t  least  1 kW w i l l  have t o  be provided i n  

the norliincl :ase. However, f l e x i b i l i t y  i s  a design goal so that  cool ing 

needs t o  each por t  can be increased and decreased based on the requirements 

o f  the payload complement being flown. Platform subsystem must also provide 

cooling t o  subsystem equipment. Total maximum cooling load i s  25 kW which 

equals the sustained power supplied by the Power Systm. 

I f  the f u l l  e lec t r i ca l  d is t r ibu t ion  design power o f  

Both payload and subsystem equipment cooling temperzture requirements are 

60°F payload supply and 1 1 O O F  return. L i f e  Science and manned modules require 
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a 4OoF supply. Higher temperatures are allowable f o r  many high power payloads 

and f o r  transient co!idi t ions but spec i f ic  requirements are dependent upon 

the par t i cu la r  pay1 oad. 

4.5.2 Important Factors and Considerations 

P r i m r y  goal for performing thermal control subsystem trades i s  t o  o f f e r  ample 

ar. _. f l ex ib le  cooling resources t o  experimenters using the Platform. The 

design must be low cost consistant w i th  t h i s  goal aw! must not  represent 

development r is lc.  One way t h i s  can be accomplishe 

o f  exi  s t ing  techno1 ogy and hardware. 

%, t o  make maximum use 

The design must be capable o f  operating r e l i a b l y  for a 10 year l i f e t i m e  while 

presenting no safety hazards t o  crew and associated systems. The platform 

design must be compatible w i th  interfacing systems, especial ly the Orbi ter  

and Power System. 

4.5.3 Work Accompl ished 

Five key trades were performed on the SASP study which had a s ign i f i can t  

impact on the selected thermal control subsvstem design. These trades were 

as follows. 

1. Payload arrangement - para l le l  o r  series and loop arrangement 

2. Payload interface options 

3.  Centralized rad iator  dual loop a1 ternates 

4. Central ized rad iator  flow options comparison 

5. Centralized versus p a l l e t  radiator 

The trades were performed 

trades generar;ed a central 

pa l l e t  radiator concept as 

n the sequence shown above Decause the f i r s t  four 

zed r a d i a t w  concept t o  be traded against the 

performed i n  the l a s t  trade. 
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4.5.3.1 Loop Arrangement - Paral le l  o r  Series 

The platform cooling loop can be arranged t o  pass through the payloads i n  

e i ther  a series or a parz l le l  arrangement as i l l u s t r a t e d  by the simple 

schematics given i n  Figure 4.5.3-1. Each o f  these options have speci f ic  

advantages and disadvantages which the f igure sumnarizes. 

1 t0 4 P/L P I a l d  
or 4 P/L Series 

a 1 f I  
t ' - 

Heat Load Per Payload (kw) 
Series - 

Heat 
Rejection 

PIL PIL 

P I  
- 2 -  

Parallel 

Rationale for Selecting Parallel 

No Thermal Interaction 

Low Temperaturn (Woe to 

L-r LOOP Pressure O~OP 

Between Payloads 

All Payloads 

Figure 4.5.3-1 Payload Arrangement Options Paral le l  o r  Series 
Flow Through Payloads 

Performance i n  terms o f  cooling iemperatures are shwn i n  the f igure on the 

upper r ight .  A l l  payloads i n  the para l le l  arrangement w!11 have the same 

i n l e t  temperature and f o r  the same heat load they w i l l  a l l  have the same 

ou t le t  temperature. Based on platform requirements, the temperature range 

f o r  5 kW heat loads i n  para l le l  w i l l  be 60 to  110°F. This i s  based on the 

t o t a l  platform f l u i d  flow being divided equally t o  each payload. 



C.1 the other hand, series arranged payloads have the t o t a l  platform f luid 

flow through the payloads i n  sequence. The f irst payload i n  the flow 

sequence w i l l  have a 60°F i n l e t  temperature and because o f  the high f l u i d  

flow rate, a very large coal ing load can be accomnodated. However, downstream 

payloads w i l l  not have a higher i n l e t  temperature. Acy variat ions i n  upstream 

heat load w i l l  perturbate loop temperatures i n  downstream payloads. 

An additional disadvantage of the series arrangement i s  due t o  the higher 

pressure drop o f  f lowing the f u l l  f l u i d  f low through a l l  payloads. A 

pressure drop analysis shows that  use o f  the series arrangement would 

preclude the pract ical  use of available Orbiter/Spacelab hardware. 

Because o f  pressure drop considerations and thermal in teract ion between 

payloads o f  the series arrangement, the para1 le1 concept was selected. 

4.5.3.2 Payload Interface and Loop Arrangement Options 

Several competing options were considered wi th  regard t o  the interfacing 

method with the payload and the number and arrangement o f  loops. Figure 

4.5.3-2 depicts two d i rec t  interfacing options and two options employing a 

heat exchanger interface. 

The two-loop s p l i t  system, shown i n  the upper le f t ,  has a separate loop 

interfacing d i rec t l y  wi th two o t  the payloads. Each loop would service one 

am i n  the case o f  the crossarni configuration. An improvement on t h i s  option 

emplovs a separate loop for each payload, thereby improving system surv ivabi l i ty .  

This approach substantial ly increases costs and complexity. 

Heat exchanger interfacing options can use a separate heat exchanger f o r  each 

payload o r  tw paylunds can be interfaced wi th  a s ingle heat exchanger w i th  

dual passages, see the bottom r i g h t  figure. The l a t e r  arrangement i s  less 

cost ly if the por ts  are re la t i ve l y  close together. 
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F i  gure 4.5.3-2 Pay1 oad Interface and Loop Arrangement Opt ions 

Table 4.5.3-1 compares interface and loop arrangement options wi th  regarti 

t o  key se iec t im  c r i t e r i a .  Only the dual port  interfacing heat exchanger 

option is  included i n  the table because i t  w i l l  be favored i n  most cases 

over the port  dedicated option because o f  simp1 i c i t y  and cost. 

A number of major hardware elements are related ( i n  terms of equivalent pump 

packages) t o  the cost o f  the thermal control subsystem. These are given i n  

the table for the Platform, the pal le t ,  and totals.  Results show that the 

s p l i t  system ha; the fewest platform uni ts and to ta l  un i ts  and equals the 

fewest pa l l e t  units. 

A cursory r e l i a b i l i t y  assessment shows that t h i s  parameter does not d i f f e r  

greatly between options. The option employing one loop for each payload 

has the highest r e l i a b i l i t y  for  each payload (0.98) because a l i m i t e d  number 
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I Fluid Interlace I ~ ~ l n t w l a -  

Criteria 

Major Hardware Elements 
(Equivalent Pump Packages) - Platform - Pallets (Payloads) - Total 

split 
System 

4-27 

Reliabili (1 par)  

- All Payloads 

- Eac x Payload 

Failure Impact - LOSS Of PhtfOWIl 1 Port Lost 

- Loss of Pallet 

- Platform Fluid Loss - Platform Mechanical - Pallet System 

Method cf Repair 

60% Reduction 

0.95 

0.95 

2 Ports Lost 

2 parts Lost 

EVA (Ground) 
EVA (Ground) 
Ground (EVA) 

SELECTED 
A 

1 Port Lost 

EVA (Ground) 

&37 
1.11 
7.48 

10.981 
0.93 

in Performance 

1 Payload Lost 

EVA (Grouml) 

- 1. * 
8.1 1 

12.37 

0.96 

0.92 

Table 4.5.3-1 Payload Interface and Loop Arrangement 
Options Comparison Summary 

o f  components must operate successfully f o r  t h i s  option. The heat exchanger 

interface r e l i a b i l i t y  for a l l  payloads operating successfully i s  the lowest, 

(0.92), because two platform f l u i d  loops and four p a l l e t  loops need t o  

operate successfully f o r  t h i s  condition. Other cases f a l l  between these 

values . 

The f l u i d  interface and heat exchanger interface options d i f f e r  regarding 

surv ivabi l i ty .  Loss o f  e i ther  platform o r  p a l l e t  loops w i l l  cause loss o f  

two ports i n  the s p l i t  system and one por t  i n  the option having one loop per 

payload. The heat exchanger interface option i s  less vulnerable, loss o f  a 

platform loop causes about 40% reduction i n  performance a t  each por t  and a 

para l le l  loop loss only ef fects  that  payload. 

174 



Most fa i lures o f  platform components are expected t o  be repairable by EVA. 

Some f a i l u r e  types could require ground return f o r  repair. The primary 

mode o f  repair  f o r  the p a l l e t  system w ! l l  be ground return f o r  repair, 

however, minor repairs might be made by EVA. 

Based on the much lower cost and good r e l i a b i l i t y  the s p l i t  system i s  

selected. However, t o  improve su rv i vab i l i t y  i t  i s  recomnended that both 

top and bottom ports on the configurations be supplied wi th  cooling f l u i d  

connections w i th  valves t o  select top, bottom, o r  both ports and also t o  

iso la te pcrts i n  the event o f  a fa i lure.  Both top and bottom ports can be 

cooled a t  one time; however, a reduction i n  cooling capacity w i l l  r esu l t  i n  

reduced flow t o  each port. 

4.5.3.3 Centralized Radiator Dual Loop Alternatlves 

The trade i n  the previous paragraph cal ;ed, "Payload Interface and Loop 

Arrangement Option", resulted i n  the selection of a s p l i t  system where a 

separate loop services each arm. This concept which could also be cal led 

"Dual Loop", forms the basis f o r  the trade described i n  t h i s  paragraph which 

trades options f o r  arranging the two loops on the four radiator panels 

corresponding t o  four sides of platform standoff surfaces. 

The concept using separate panels, sham on the l e f t  o f  Figure 4.5.3-3, merely 

directs one loop through two of the panels while the second loop flows through 

the remaining two panels. Manifolding i s  simple f o r  t h i s  alternate, only one 

i s  required a t  each end o f  the panel. 

The other two concepts, center and r i g h t  of t h i s  chart, resu l t  i n  both loops 

flowing through a l l  panels. The alternate tube concept arranges the f l o w  so 

alternate tubes are used by each loop. The adjacent tube concept has tubes 
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Separate Panels I Altmrte Tuber I Adjownt Tubn 

Loop 2 Man 
B-0 

Loop 1 Manulw.- I 
LOOP 2 Manifold 

0-6 

Figure 4.5.3-3 Centralized Radiator Dual Loop Alternates 

from both loops 

compl i ca ted man 

to  l i n e  up with 

A comparison of 

sharing a standoff web. Both o f  these concepts have r e l a t i v e l y  

fo ld ing requir ing two a t  each end, tubes would have t o  be bent 

one of the manifolds. 

the alternates i s  shown i n  Table 4.5.3-2. The separate panel 

concept has a greater reduction i n  performance i f  one loop i s  inoperative 

because performance f r o m  two en t i re  panels would be lost .  However, t h i s  

performance would not normally be usable because Freon flow i n  the remaining 

operative loop would have t o  be increased t o  take advantage of be t te r  one-loop- 

out performance fo r  the al ternate tube and adjacent tube concepts. 

Some advantage also exists for the al ternate tube and adjacent tube concepts 

regarding environment averaging. Since each loop runs through a l l  four panels, 

the heat re ject ion perfomlance w i l l  be based on an average o f  a l l  four sides. 

Only two-sided averaging resul ts wi th  the separate panels concept. 
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50% 
Reduction. 

Environment Averaging 

Load Averaging 

Vulnerability of 
Losing Both Loops 

Weight (lb) 

Number of Manildds 

Manilold Complexity 

m i d e d  

None 

Small 

1,126 

Altelnat8 
Tubea 

14% 
Reduction with 
hdequate Flow 

2 

188 Tubb Welds 
112 Tubes Bent 

Four4ided 

Small 

Manifolds 
vulnerable 

Adjaaenl 
T u b  

Slight 
Reduction with 
ndeqwte FIOW 

2 

396TubeWdd8 
1M Tubes Bent 

Fou-ded 

100% 

Manifolds 
end Tubes 
Vulnerable 

1,135 1 1m 

Table 4.5.3-2 Centralized Radiator Dual Loop 
A1 ternate Comparison 

The separate panel concept was chosen f o r  the central ized radiator design 

pr imari ly because of fewer and simpler manifolds which have a strong impact 

on cost. 

complex designs. 

It i s  believed that these factors outweigh the advantages o f  the more 

4.5.3.2 Centralized Radiator Flow Options Comparison 

This trade compares the f l o w  arrangement between panels* i.e., para l le l  or 

series and the number o f  f l u i d  passes i n  each panel. Two typical  arrangements 

are shown i n  Figure 4.5.3-4. 

Table 4.5.3-3 gives a comparison of flow options for panels arranged i n  series 

and para l le l  w i th  various numbers o f  passes. The optlon o f  panels i n  series 

wi th four passes per panel was selected because o f  lowes; area requirements 

and weight. However, the pressure drop for t h i s  option i s  high and f o r  the 

f i na l  design, tube size was decreased t o  reduce pressure drop t o  a lower level.  
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Parallel Panels 
TWO Passes per Panel 

Characteristic 

Panels In Series 
Two Passes per Panel 

TWO Four TWO 
Passes Passes Passer 

per Panel per Panel per Panel 
1 

Figure 4.5.3-4 Centralized Radiator Flow Options 

Ten 
Passer 

pew Panel 

612 

1,131 

95.3 

11.3 

100.4 

95.6 

1 1 . m  

10.1 

1 Panels in Series I Panels in Parallel 

Area (sq f t) 

Fixed Weight (Ib) 

Fluid Weight (Ib) 

Plessuro Drop (psi@ 

Pump Power (watts) 

Fin Etficiency (%) 

Reynold's Number 

Fluid to Root AT ( O F )  

603 

1,157 

37 

682 

11.1261 1,282 

30.5 81 .S 

314 

95.5 

8.81 0 17,600 

59 I 1 A15 

1.4 

95.6 

2,200 

19 

Si% 
Passes 
mr Panel 

625 

1,159 

425 

283 

2T.l 

95.5 

6,608 

12 

Table 4.5.3-3 Centralized Radiator Flow Options Comparison 
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4.5.3.5 Centralized Versus Pa l l e t  Radiator 

The subsystem trades described above resulted i n  a selected central ized 

radiator design to  be traded against the p a l l e t  concept. Both of these 

competing designs were optimized t o  obtain optimized designs t o  ensure a 

v a l i d  trade. 

The p a l l e t  system, shown i n  Figure 4.5.3-5, consists of four p a l l e t  radiators, 

a pump package, temperature control valve, and four radiator panels located 

i n  paral le l .  Freon 21 i s  c i rculated i n  the loop which del ivers 6OoF f l u i d  

t c  cold plates mounted t o  subsystem and payload avionics. Temperature control 

i s  acconplished by passing some port ion of f low around the radiators to obtain 

the required mix temperature. One of these subsystems must be provided f o r  

each p a l l e t  system being flown o r  i n  ground processing. 

Figure 4.5.3-5 Platfonn Thermal Control 
Pa l  l e t  Located Radiators 
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The platform subsystem shown on the r i g h t  interfaces with the Power System 

f o r  heat reject ion and f l u i d  temperature control. A pump package circulates 

Freon 21 from the Power System payload heat exchanger to cool cold p la te  

mounted platform avionics. 

Figure 4.5.3-6 shows the design deta i ls  o f  the p a l l e t  radiator concept t o  be 

traded against the centralized concept. The four outside p a l l e t  surfaces are 

used t o  mount the radiators. Radiator tubes are mounted on the spaceside 

of the f i n  sheets t o  prevent infringement o f  the p a l l e t  radiators i n t o  the 

Orbiter bay envelope during launch and reentry. This tube location i s  not 

an e f f i c i e n t  design for meteoroid protection but a 0.99 probabi l i ty  o f  no 

puncture per panel i s  achieved with 0.20 inch thick tube walls. 

TUBE CROSS SECTION I DESIGN DETAILS 

Tube Spacing = 3 Inches 
Fixed Weight P 29.3 Ib nor Panel 0.20 inch 

OS2O Fluid Weight = 3.81 Ib per Panel 
Area = 39 sq tt per Panel 
No Puncture Probability 

= 0.99 (One Year) per Panel 
Fluid Film Coellicient = 191 Btulhr F$ O F  
Reynolds Number = 7080 
Heat Rejection t 0.75 kW Nornlnsl 
Coating = Silver Tellon 

Io 

0.03 inch Fin 

Figure 4.5.3-6 P a l l e t  Radiator Concept Design Detai ls 
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The 

the 

wh i 

Reynolds number o f  the c i rcu la t ing  f l u i d  i s  7,080 which i s  wel l  within 

turbulent f low range t o  minimize f l u i d  t o  tube wal l  temperature drop 

e retaining a reasonable pressure drop. 

Table 4.5.3-4 summarizes the comparison between pa l l e t  located radiators .r> 

the central ized concept. Key comparison c r i t e r i a  were developed f o r  the 

competing concepts and these are shown i n  the table. 

Criteria 

Hardware Requirements - Pumps - Disconnects - Temperature 
Control Valve - Radiator Panels 

Rellability (One Year) - One Payload .. All Payloads 

- LOSS of Platform Loop - LOSS of Pallet Loop 

Failure Impact 

Cooling Available per 
Payload 

New Development 

Centralized 

2 Packages 
2 Each Port +2 
2 for Platform 

4 for Platform 

. 926 
0.830 

One Arm Lost 
One Arm Lost 

5 kW 
(Accommodates 86% 
of Data Base) 

Disconnecls 
c 

Pallet 

2 Packages Platform 
1 Package Each Pallet 
2 for PS Interface 
1 Each Pallet 

4 Each Pallet 

0.937 
0.819 

Both Arms Lost 
One Payload Lost 

2 6  to 3.0 kW tor 
Fixed Radiators 
(Accommodates 12% 
of Data Base) 

None 

Table 4.5.3-4 Central i t e d  Versus Pa l le t  Radiator 
Comparison Sumnary 

Hardware requirements d i f f e r  s ign i f i can t ly  between the competind concepts. 

The pal l e t  radiator concept wquires more pump packages, temperature control 

valves, and radiator panels because each pa l l e t  i s ,  i n  effect, a self-contained 

system. However, complexity o f  the pa l l e t  radiators and pump package are 

expected t o  be somewhat simpler than for the Platform. 

System are the large number o f  f l u i d  disconnects which must be u s d  each 

time a payload i s  changed out, 

Key t o  the Platform 
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Performance f o r  the central i r e d  system i s  higher, 5 kW nominal, because 

avai lable f ixed pa l l e t  surfaces l i m i t  heat re ject ion t o  about 2.6 t o  3 kW 

per pa l le t .  Deployable p a l l e t  radiators were not  considered because o f  cost, 

complexity and experiment interference. 

Based on the lower hardware requirements and higher performance, the central ized 

concept i s  ten ta t i ve ly  selected f o r  the purpose o f  developing programnatic 

data. However, due t o  the c r i t i c a l i t y  of the f l u i d  disconnect and because o f  

lack of payload data on heat ioss d i rec t l y  t o  space, further, more detailecl 

study i s  recommended i n  follow-on e f fo r t .  

4.5.4 - Concl us i ons and Comnen t s  

The key trades performed i n  the thermal control area are summarized i n  

Table 4.5.4-1. These trades formed the basis f o r  a r r i v i ng  a t  optimum designs 

for the two main competing options o f  central ized platform radiator  and 

pa l l e t  located radiators. These two options were compdred and the central ized 

concept was ten ta t i ve ly  selected because of 3igher performance and reduced 

hardware requirements. The pal l e t  concept can re jec t  only about 3 kW o f  

heat rJhich i s  about h a l f  o f  the sustained e lec t r i ca l  power supply capabi l i ty .  

Some heat may be l o s t  d i rec t l y  t o  space from p a l l e t  located equfpment by 

passive means. However, i t  i s  f e l t  that  l i m i t i n g  cool ing t o  3 kW would place 

severe design res t r i c t ions  on the user. 

Use o f  the p a l l e t  rddiator corcept offers reduced f l e x i b i l i t y  i n  accepting 

specialized payload carr iers  such as the r i n g  concept. Many o f  these carr iers  

w i l l '  not have adequate f l a t  surfaces and s t ructura l  block and may dr ive 

rddiator heat reject ion. 
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TRAM 

Centralized versus Pal let  Radfator 

X l E e t t D  
COWCEPT RNlonAsE 

Centralized 0 Higher Perfonnonce 
0 Less hardware 

~ ~ 

0 No interaction between payloads 
0 LOU m r a t u r e  supply 
0 Lawer p-ing requirascnts 

LOOP Arrangements - Parallel o r  

series 
Para1 le1 

Tab1 e 4.5.4-1 Key Thermal Control Subsystem Trades 

I 

Payload Interfbce Options 2 Loops w i t h  
J l rect  f lu id  
i r ter face 

Centralized Radiator-Dual Separate pane i s  
Loop A1 ternates 

Centralized Radiator F lo *  

Options Comparison 

Panels i n  series - 4 passes per panel 

I 

Another advantage u f  the central ized .-oncept i s  the reduced hardware requiremnts. 

0 Less hardware 

0 Low weight 
0 Low conpleltity 
0 Low meteoroid vulnerabl l i ty  

0 Highly e f f i c ien t  

0 Acceptable pressure drop 
0 Lowweight 

The Centralized concept uses two pump packages wherein a pump package i s  

required on eac.1 pa l l e t  f o r  th+ pa l l e t  radiator concept. 

A major disadvantage o f  +.' central ized concept i s  due t o  the requirement 

f o r  cool'ng f l u i d  connectiovls t o  be made i n  space. This requireniint i s  s imi lar  

t o  the current Power System design which has three disconnect sets t o  allow 

use o f  the Power System payload heat exchanger. Therefore, i t  ii Yelieved 

that the same basic disconnect which i s  developed t o r  Power System w i l l  also 

f i n d  application on the Platform. 

4.6 PAYLGAD CRYOGENIC PROVISIONS 

4.6.1 Overview 

A review of payload requirements indicates a large nunber o f  payloads 

requir ing cryogenics, but insuff ic ient  data are avai lable f o r  detai led 
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engineering trades and studies. One payload which has the cryogenic 

requirements defined i n  deta i l  i s  the SIRTF which requires 4930 l i t e r s  o f  

supercri t ical helium four times a year. This must be supplied to  instruments 

mounted on an IPS which precludes transfer of cryogen from a central supply. 

Therefore, a centralized platform system cannot sat isfy the SIRTF requirements. 

A centralized concept must be replenished by tank replacement or r e f i l l .  

R e f i l l  approach would require some means of fluid phase control such as a 

passive screen device, under development, o r  s e t t l i n g  fbrces which would 

require operational constraints. This approach also i s  somewhat i n e f f f c i e n t  

because o f  ullage and l i n e  loss. 

Specific payload cryogenic requirements are not defined i n  suff icient de ta i l  

a t  t h i s  time t o  merit  serious consideration of a platform supply system. 

Therefore, a payload-provided croygenic supply concept i s  recocrmended, as 

l i s t e d  i n  Figure 4.6.1-1. 

I SUBJECTS STUDIED 1 
Payload Requirements 
Candidate Approach Definition 
Tradeoff of Platform Supply System 
Versus Payload Provided Concept 

I CONCLUSIONS I 
Minimal Detailed Data Available on Payload Requirements 
Passive Cryogenic Cooling Designs Call for On-Orbit 
Fluid Transfer for Replenishment 
Subcritical Fluid Transfer Requires Settling Forces or 
Passive Screen Device 
Tank Replacemsnt Eliminates Transfer System and Fluid 
LossedResiduals (Concept presented at Mid-Term) 
Cryogenic Fluid Lines Cannot Be Routed Around European 
IPS or Sperry ASPS 
Payload Providad Cryogenic Supply Concept Recommended 

Figure 4.6.1-1 P la t fo rm Cryogenic Provisions 
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4.6.2 Currently Defined Cryogen Requimmnts 

The payload cryogen requirements "Data Bank" (sea 

required to  design the cryogenic supply system i s  

Figure 4.6.2-1) which i s  

very sparse as t h i s  f igure 

i l l us t ra tes .  The four payloads wi th  defined cryogen quanti t ies were used 

t o  size the tanks. The d i f f e ren t  types of cryogen (i.e., helium, nitrogen) 

and the d i f f e ren t  states (i .e., superfluid helium, subcr i t ical ,  supercri t ical,  

solids) make i t  extremely d i f f i c u l t  to provide a s ingle tank design. A 

modular tank system can provide the des?red quanti t ies and with proper flow 

control o f  the vapor cooled shield vent gases, a s ingle tank design based on 

helium properties could possibly contain the other cryogens. Figure 4.6.2-2 

i l l u s t r a t e s  the various approaches t o  providing payload cooling wi th cryogens. 

, u11 

, t m u  

Figure 

4 w a u  
'I nu 

_ -  

4.6.2-1 Currently Defined Cryogen Requlments 
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01 Sumndbd 

Paash Cwllng 

Dlnct Conduction $-- 

Figure 4.6.2-2 Payload Cooling Concepts 

This chart i l l us t ra tes  the cooling concepts avai lable t o  the experimenter. 

Passive cooling i s  fur thzr  divided i n t o  instrument cool ing by submergence 

and d i rect  conduction. This simp1 i f i e d  schematic indicates that  the passive 

cooling concept cryogen i s  most readi ly  resupplied by in -orb i t  r e f i l l ,  whereas 

tank replacement would be accomplished only w i th  d i f f i c u l t y  since the tank i s  

an integral  par t  o f  the instrument. On the other hand, the open-loop coolant 

c i rcu la t ion concept croygen tank can be readi ly  replaced. But t h i s  method 

i s  l im i ted  t o  cooling i n  the supercr i t ical  region o f  the cryogen unless 

f l u i d  conditioning i s  p e r f o m d  a t  o r  near the instrument. 

The only method o f  cooling wi th superfluid helium without f l u i d  conditioning 

i s  by the Submergence o f  surrounded passive cooling concept. This I s  

because, based on current technology and design 1 imitat ion, superf lu id 

he1 iumcannot be transferred without the development o f  the passive screen 
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device that i s  current ly undergoing development. This development with LH2 

w i l l  mke i n -o rb i t  transfer o f  subcr i t ical  fluids other than helium possible 

and available i n  the near future. 

4.6.3 Cryogen Resupply Techniques 

Figure 4.6.3-1 defines the state o f  the a r t  resupply techniques corresponding 

t o  the cryogen states. I n  each case, the replacement o f  the cryogen container 

would be by Rlds and/or EVA. The supercr l t ical  f lu ids can be transferred 

i n -o rb i t  by adding energy t o  the tank (increase ir:  temperature) or by 

system blow-down. The two phase l i q u i d  transfer requires l i q u i d  s e t t l i n g  

by acceleration i n  order t o  or ient  the l i q u i d  a t  the ou t i e t  end o f  the tank. 

The required acceleration levels and transfer times w i l l  be established. 

The passive expulsion technique i s  the desirable method since i t  does not 

disturb other experiments. The technology i s  current ly being developed and 

should be available for LH2 transfer. The resupply of s o l i d  cryogen i s  by 

d i v c t  replacement. The uni ts could be located on the platform arms provided 

the temperature requirements can be sat isf ied wi th  the increased t 'Isfer 

distance. 

1-1 
SUPERCRITICAL REPLACE T A N K W  

IN-ORBIT RESUPPLY BY INCREASE 
IN CXVOCEN BULK TtMPERATURE OR 
DEPRESSUR1 ZATlON IBLOWOOWN) 

SATURATED AND 
SUBCR I I I  C A I  

REPLACE TANKIS) 

IN-ORBIT RESUPPLY FROM PLATFORM 
OR ORBITER 

- LIQUID SEl l l INC VIA ACCELERATION - P A S S I M  EXPULSIOW 

SOLID REPLACE U N l n S l  

'NASA LfRC I S  CURRENTLY MANAGING CONTRACT 10 M V E L O '  IWORBIT LHz 
TRANSffR EXPfRlMfMl  

Flgure 4.6.3-1 Cryogen Resupply Techniques 
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4.6.4 Cryogen Resupply Interface Trade (See Figurn 4.6.4-1) 

The cryogen resupply options depend on the payload cool ing concept. A pqyload 

with passive cooling i s  probably l i m i t e d  t o  i n -o rb i t  resupply f r o m  the 

Orbiter o r  platform tanks because the payload cryogen tank i s  usually an 

in'.:gral part  o f  the instrument and i t s  removal and replacement would be an 

4 , : t - l ~  d i f f i c u l t  task by EVA. The resupply from the platform tanks i s  

mre desirable since i t  involves shorter l i n e s  and could possibly be accomplished 

by 1qe HMS alone. The open oop coolant c i r cu la t i on  concept lends i t s e l f  

t c  ine d i rect  replacement of the payload tank(s) but then the interface i s  a t  

the payload therefore it cou d resu l t  i n  temporary in ter rupt ion o f  the 

experiment and would require EVA t o  preclude damaging the payload. The 

resupply f r o m  the platform modular tank system i s  the safest and least  

conipl icated method. The open loop coolant c i r cu la t i on  method lends i t s e l f  

t o  u t i l i z i n g  the platform tank(s) as the primary supply since i t  involves 

t ~ l y  a one-step transfer of the cryogen. Based on current technology, payload 

i1istrment cooling w i th  subcr i t ical  f lu ids must be passlve and cooling wi th  

supercr i t ical  t l u i d s  o r  sol ids can be e i the r  passive o r  open loop. 

4.6.5 Supercri t ical Helium Resupply f o r  SIRTF Free Flyer 

Figure 4.6.5-1 i l l u s t r a t e s  the options f o r  platform-supplied cryogenic tanks 

fo r  the currently defined SIRTF free f lyer. The,SIRTF has a 180 day supply 

o f  supercritical helium therefore, t o  extend i t s  l i f e  would require resupply 

every IRO days. The resupply would also require a long l i n e  f r o m  the Orbiter. 

With w e  platform cryogen supply system, the resupply could be accomplished 

th  shorter l ines.  The platform cryogen supply system could also be used 

t o  augnent thc S I R T F  supply t o  extend i t s  l i f e  t o  380 days; therefore 

requir 'n, a resupply mission once a year instead o f  twice a year. A cost 

t r u e  i s  required t o  establish the more desirable method. 
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- tcy#)RARY IWTLRRUPTWNOF EXPERIMENT 
U N L m  ALTERNATWE SUPPLY IS AVAILAIILE 

0REsUCILYFROYOMUlER - Lolyo LINE I* 2SM F3R 81RTn - INTERFACE AT PAYLOAD; EVA OR RMS 

0 RESUPPLY FROM PLATFORM yO0ul.m TlrNK SYSTEM - INTERFACE A t  PUTFORM fllor PAYLOAO) 
- SHORT LINE. SAFfiR. AurxoNNEcT UIYBILICAU 

Figure 4.6.4-1 Cryogen Resupply Interface Trade 

I WRTF ALONE (IEO-DAY SUPPLVI I , SCME TANK 
1 1 8 0 . 3 A V V L . Y  

'REsUPnV OR 
REPIACEMEN1 T W K  

RESWPLY OPTIONS (SEMIANNUAL) 

0 REPLACF SlnTF SCHP TANK 

0 INQRWT REFILL MRECTLV 
FROM ORBITER 

0 

0 

REPLACE PRTF PQlE TAIJ* *ND 
PLATF0R;rl CRVWEN TANKS 

(N-MIBIT nEFlLL OF SRTF sol€ TANK 
DIRECTLY FI#KI MlillTER AM0 
REPLACE PLATFOW CRYOGEN T A M S  

llWRBlT REFILL (W DRTF W E  TANK 
fHI)ovoH CIAIF- CAWKiEN TLU&US 

TANKS 

0 

AND n m m  pumonlrl CRVOOE~J 

Figure 4.6.5-1 Supercritical Helium Resupply for  SIRTF Free Flyer 
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Another and perhaps more desirable approach for many reasons, i s  t o  have the 

payload self-provide cryogenics on attached pal l e t s .  These conceivdbly 

could be replaced as shown conceptually i n  Figures 4.6.5-2, 4.6.5-3, and 4.6.5-4. 

, Supply (6 Tanks) 
4 Sortie Mission SIRTF 

Configuration 
* Articulated Boom for 

Tank Exchange 
Three Integrated 
Pallets Launch Support 

Figure 4.6.5-2 SIRTF Cryogenic Tank Automated 
Exchange Provisions (A) 
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. : . ... 6 -Day Cryogenk Helium Supply (6 Tanks) 
.*%e SO Days Between Exchange Cycles 

' Half Pallet 
1 '  Sortle Mlsslon'SlRTF Configuratlon 

. Replacement Tanks and Exchange Pmvisions Mounted on 

Figure 4.6.5-3 S!RTF Cryogenic Tank Automated 
Exchange Provisions (B) 

90-Day Cryogenic Helium Supply 
15 Days per Tank (Spacelab Sire) 
Automated Tank Transfer Pmvislons Am an Integral 
Feature of the Platform 

Figure 4.6.5-4 SIRTF Cryogenic Tank 
Transfer Provision 
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4.6.6 Yonunon" Platform Mounted Tank Size Trade 

The tank size trade i s  based on the four data points available. HEAO-6 

and IRAS are related data included t o  provide addit ional information. The 

goals o f  the trade are t o  resupply a payload once a year and the tank sized 

t o  be transportable i n  the Orbi ter  and ins ta l l ab le  on the platform structure 

without interference. The optimum s i t e  appears t o  be a 1.5 m tank (1650 l i t e r s ) .  

As shown i n  Figure 4.6.6-1, SIRTF w i l l  require 16 tanks f o r  resupply but t h i s  

i s  probably the upper end of the cryogen requirements. Most o f  the payloads 

w i l l  require one t o  three tanks. 

[OeJRTRlEl 
0 TO DETERMINE OPnmuM TANK S12E TO SATISFY MANV USERS 

REsuwLv TWO TO FOUR TIMES A YE*A 
0 SUED TO BE: TRAMPORTABLE lN THE ORBITER. MOWURLV *CCIICMLE VO W V  lffER& AND 

INSTALLED ON THE PLATFORM STRUCTURE WllH MINIMAL IWTrRFERENCE 

0 
0 USE NEW BROADUSE TANK 

USE SAME TANK AS PAVLOAD 

I ASSUMPTION I 
0 SPHERICAL TANK WITH 150 nun ALLOW€@ FOR MULTILAYER INSULATION AN0VAW)RCOOLEDSMlELO 

TANK SIZE AND NUMBER TRADE SELECTED CoNcLpt 

ONE u n a  TANK FOR HEAW USERS CRVOOEN REWIRED 
FOUR TIMES A W A R  OD. 

PAVLOAD (LITERS) 

AST 1 260 SFHE 0 9  
0.0 

SlRTF 4930scHE 23 
(F REE-FLYER) 1d 

1.6 
1 .s 

nEmw 760 LHE 13 
10 

I R A S  136SFHf 0.8 

*RELATED DATA 

SEVERAL SMALL TANKS mn OTHERS 

LARQE TANK WILL WlWI l lLV  BE 
CVLlNDRlCAL To WNIMlZE MAMETER 
AND MAXIMIZE OF LENQVM 
ALONO PLATFORM ARM 

3 
4 

1 
2 
1 

----------------------------- 

Figure 4.6.6-1 Tank Size Trade 
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4.6.7 Tank Replacement vs Tank Refill- (See Figure 4.6.7-1) 

Resupply by the tank refill method is the desirable method s ince  it is 

applicable to L . 2  passive (wi th  difficulty) and open-loop coolant c i r cu la t ion  

cooling concepts for any type of cryogen. To t r ans fe r  l H e  based on avai lab le  

or developing technology requires a settl ing force (i .e. propulsion force 

w i t h  reboost module or Orbiter). But the re l a t ive ly  long times required f o r  

APPROACH I ADVANTAGES OlSAOVANfAoES 
o W IN ORBIT CRVOOEN TRANSFER 

o WlNlMUM CHILLDOWN LOSSES tFROYSWT?LE OR 
PLATFORM MWNT) 

~- ~ ~~~ 

TANK REFILL 
ICRVOOEY TRANSFER 
lHROUOH TANKS 

PLAT FORM) 
ATTACHED TO 

o MAXIMUM TOPPlNQ 

o MINIMAL EVA SUPWRT 

o INTERF ACE AT PLATFORM 

o WSSIBLE CONTWGEIYCV 
RESERVE 

o wtca DISCONNECT LEAKAGE 
ONLV DURING TRANSFER 

o SUBCRITICAL FLU10 t(lAWSRR 
W I T H  PASSIVE SCREEN DEVICE 
FOR FLUIOSOWER THAN 
HELIUM 

Figure 4.6.7-1 Tank Replacement vs Tank Refill 

t ransfer  line chilldown and f l u i d  t ransfer  is unacceptable f r o m  a propellant 

usage standpoint. NASA LeRC is currently developing a low-g experiment using 

a passive screen device t o  t ransfer  LH; and this concept should be applicable 

t o  a l l  cryogens except helium which probably presents a more severe 

environment t ha t  requires testing and development. The t r ans fe r  of super- 

c r i t i c a l  f l u ids  either by energy addition or depressurization would result 

i n  ldrge residuals and heavy tanks. Therefore, the tank replacement concept 

is the most feas ib le  method tha t  is applicable to a l l  cryogen types and s t a t e ,  
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I f  the payload requires cool ing i n  the subcr i t ica l  f l u i d  range f o r  cryogens 

other than helium, thus requir ing the passive cooling concept, then an i n -o rb i t  

r e f i l l  using passive screen device t o  accomplish the t ransfer can be used. 

4.6.8 Tank R e f i l l  Analyses (See Figure 4.6.8-1) 

The two major issues re la t ing  t o  the tank r e f i l l  concept f o r  cryogen resupply 

relates t o  (1) large residual f o r  supercr i t ical  f l u i d  transfer, and (2) time 

f o r  se t t l i ng  force for subcr i t ica l  f l u i d  transfer. Therefore, these analyses 

were done t o  address these issues. 

I 

CMO MANEWER TOROUE 0 
REBOOST MODULE I 
ORBITER OMS 0 

ORBITER RCS 0 
ORBITER VCJ I I 

104 10.3 10.2 10.1 
ACCELERATION (0) 

AVVAILAML n t m m  
TIME 1s HOURS TOTAL 

Figure 4.6.6-1 TanK R e f i l l  Analyses 

Supercri t ical f l u i d  can be transferred e i ther  by (1) energy addition, o r  

(2) depressurization. The energy addit ion method means that  the transferred 

f l u i d  w i l l  be increasing i n  temperature during the t ransfer period thus 

1 i m i  t i n g  the available temperature regime. The transfer method resul ts  i n  

an extremely heavy resupply system (see the f igure). Therefore, i t  i s  not 

feasible t o  r e f i l l  a tank from a supercr i t lcal  f l u i d  source. 
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Subcrit ical f l u i d  t ransfer requires a se t t l i ng  force t o  properly o r ien t  the 

fluid/vapor interface due t o  the unavai lab i l i ty  o f  a completely passive 

t ransfer system. The expected acceleration environment indicates that  only 

the reboost module and Orbi ter  OMS and RCS can provide the forces required 

t o  overcome the random CMG maneuver torque. The t o t a l  avai lable burn t i m e  

for the reboost module i s  approximately 1.8 hours, t o  be divided over a year. 

The burn time avai lable f r o m  the Orbi ter  i s  probably a few seconds. The 

accompanying chart i l l us t ra tes  the t ransfer t i m e  required as a function o f  

SIRTF and SST-1 transfer l i n e  size three-month cryogen requirements. This does 

not account f o r  the time required for i n i t i a l  se t t l i ng  and chilldown. For 

a large user l i k e  the thrce-month SIRTF mission, the resupply time i s  greater 

than reboost module capab i l  i ty f o r  each reboost f o r  1 ines as large as two 

inches. For much smaller users (i.e., AST-1) the t ransfer time i s  not as 

formidable but i t  i s  s t i l l  an undesirable consum; :ion. Furthermore, the 

resupply tanks must be orier,ted t o  u t i l i z e  the reboost acceleration and the 

resupply tanks must remain wi th the Platform u n t i l  the next resupply mission. 

4.6.9 Replacement Tank Locat ion Trade 

Figure 4.6.9-1 1 i s t s  the advantages and disadvantages of the three potential 

tank locations. Because of the current lack of def in i t ion c f  payload cryogen 

requirements, design of t he i r  tanks and the general d i f f i c u l t y  i n  t ransferr ing 

cryogens i n  o rb i t ,  we conclude that the payloads w i l l  be best served by 

providing payload-mounted o r  payload pal let-mounted tasks wi th  a reloading 

approach as shown i n  Figure 4.6.5-2. 
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(INTERFACE) ADVANTAOES I 
PAVLOAD -J SHORT& TRANSFER LINE 

6 MINIMUM PARASITIC MEAT LOA0 
0 CULLV INTEGRATED PACKAaE 

LEAST DISTURBANCE TO PAVLOAO 

TANK REPLACEMENT BV RMS WITH 

MINIMAL DISlUR8ANCE TO PAVLOAD 

PALLET 
MINIMAL EVA SUPPORT 

t/ 

WSADVAWAOES 

0 INTERFACE AT PAYLOAD 
0 EVA SUPPORT 
0 SIXMONTM SIRTF MISSION CANNOT BE A-ATED 

(IPS OVERLOI\D) 

0 DEDICATED WLWE ON PALLET 

6 cANM)t W E R  W m L  MEUUW 
TRANSFER LINE REWIRBS Z F F E Y E  :WSIILATION 

REWIRES SMALL SUPPLY FOR OROUNO TO ORBIT 
COOLING 

MINIMAL DISTUURBANCP TOPAVlOAO 
SUBSTANTIAL AND FLEXIBLE 

MAXIMIZE USE OF PLATFORM SPACE ' 0 TRANSFER LINE CAN BE EFFECTIVELV 

C00Llh)O CAPACITV 

INSULATED 

Figure 4.6.9-1 Replacement Tank Location Trade 

4.7 POWER SUBSYSTEM TRADES AND ANALYSIS 

Selected areas of the power d i s t r i bu t i on  system were analyzed i n  de ta i l  t o  

support specif ic trades and t o  develop background information f o r  use i n  

def in ing unique interfaces and design approaches. 

4.7.1 Requirements Sumnary 

Trades and analysc. reported on i n  t h i s  section r e f l c c t  the following require- 

ments. 

o Ci rcu i t  overcurrent protection. 

0 C i r cu i t  conr(ect/di sconnect by remote control (i ncl udes deadfaci ng f o r  

mate/demate operations). 

0 Compatibility of connect/disconnect means with Power System Remote 

Interface Unit (RIU) signal characterist ics. 

e F l e x i b i l i t y  for  bus load assignments. 

0 Selectable source bus redundancy. 

0 Accommodation f o r  growth w i th  minimum scar. 
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0 Assured low impedance return path f o r  f a u l t  currents. 

0 Power transfer across hinges and ro ta t ing  j o i n t s  with minimum complexity. 

0 Capsbi l i ty  f o r  supplying unusually high peak power demands i n  an 

economical manner. 

4.7.2 Important Factors and Considerations 

Sal ient  points dr iv ing the trades and analyses include: 

3 is t r ibu t ion  system s iz ing t o  r e f l e c t  good balance between capabi l i ty  

and complexity. 

Redundancy requirements. 

Power System i nterface recomnendati ons. 

Payload iso la t ion  from potential sources o f  e lec t r i ca l  interference, 

S t a  te- o f - t he-a rt of spec i f i ed components. 

Unusual 1 oad requirements. 

4.7.3 - Work Accompl i shed 

Trades were p e r f o m 4  t o  select preferred methods o f  c i r c u i t  protection and 

switching, cross-arm power d is t r ibu t ion  design, and means f o r  supplying peak/ 

pulse power loads. Analyses reported on i ncl ude development of requirements 

f o r  an equipment g ro i  ding bus and siz ing c r i t e r i a ,  and de ta i l s  o f  t ra i l i r , g  

cable applications plus references t o  wwk done i n  t h i s  area on the Power 

Extension Package program. 

4.7.3.1 C i rcu i t  Protection and Switching 

A l l  platform primary power c i r c u i t s  (30V o r  120V) are provided w i t h  overcurrent 

prcitection by devices i n  the p r - i t i v e  c i r c u i t  wire. Figure 4.7.3-1 shows s i x  

options which provide the required overclrrrent protection. Options A and C 

u t i l i z e  a sfngle series fuse. Options B and D add a switchable redundant 

fuse. Options E and F combine overcurrent protection and c i r c u i t  switching 
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A 

B 

C 

0 

E 

F 

Figdm 4.7.3-1 Platform Power C i r c u i t  
Protecti  on/Swi tch i  ng Options 

i n  a single device. Separate devices (power relay o r  contactor) are employed 

f o r  c i r c u i t  switching i n  Options C and 0. Primary c i r c u i t  switching i s  not 

provided i n  Options A o r  B. Since pos i t ive remote disconnect capabi l i ty  i s  

required, both o f  these ,themes must be eliminated. 

As noted i n  the figure, Options C and F are the preferred designs. The 

(remotely controlled) switching device i n  each case i s  magnetically latched 

which eliminates the need f o r  continuous holding power i n  e i t he r  the latched 

o r  unlatched state. A 28 VDC comnand pulse o f  specif ied duration i s  required 

to  drive these switches from one state t o  the other (open t o  closed; closed 

t o  open). The other switching device (E), Remote Power Control ler (RPC) i s  a 

so l id  state switch. This device requires mult ip le low voltage control signals 

versus the single level 28V comnands for the electromechanical switching 

elements i n  the preferred types. 

current wi th the so l id  state RPC, wher 

the contacts i n  ei ther of the preferred uni ts 

I n  addition, there i s  a minimum leakage 

* ,  the c i r c u i t  i s  physical ly opened by 

If - nu.,hers o f  RPC's are 
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used, i t  can be d i f f i c u l t  t o  maintain c i r c u i t  i s o l a t i o n  leve ls  w i t h i n  normally 

speci f ied l im i t s .  In the "on" condition, the RPC s o l i d  s ta te switch i s  driven 

t o  saturation. The voltage drop across the switch i s  greater than tha t  across 

mechanical contacts so an addit ional loss i s  incurred over and above the f i n i t e  

control power loss. 

In general, RCCB's (F) are preferred over power relays/contactors (C) f o r  non- 

redundant c i r c u i t s  since they o f f e r  reclosure capabi l i t ies  aq*er t r ipping. 

For redundant applications, power relays are more economical. Both types 

readi ly  acconmodate auxi 1 i a r y  contacts which i s  another advantage over RPC's. 

In the 25 kW Power System reference concept, Remote Interface Units (RIU) 

supply a l l  d iscrete comnands. The baseline RIU  outputs a +28 v o l t  pulse 

supplying a maximum o f  200 milliamperes for a nominal 6 milliseconds. The 

6 mil l isecond pulse duration i s  too short t o  operate most power relays and 

RCCB's. 

required drive. 

actuate "pulse stretching" of the 28V discrete comnand can be employed t o  

provide suf f ic ient  duration to  l a t c h  or unlatch as needed. An a l ternate 

approach i s  t o  use dr ivers  which latch/unlatch i n  less than 6 mill iseconds t o  

apply 28V control pdwer d i r e c t l y  t o  power relays/RCCB's equipped wi th  throat 

cu t t ing  ( s e l f  in ter rupt ing)  actuating c o i l  c i rcu i ts .  

I n  some cases, the 200 d l l i a m p e r e  output does not provide the 

For devices which require less than 200 milliamperes t o  

Power relays/contactors sui table for  the intended operation are avai lable 

w i th  high current rat ings a t  28 VDC. RCCB's are also avai lable although a t  

lower current rat ings. Devices rated a t  120 VDC f o r  space applications are 

not generally nor readi ly  available; however, the technology base ex is ts  w i t h  

components used i n  comnercial and indus t r ia l  power systems. 

that  development of the required higher voltage devices be supported as 

needed t o  assure t imely a v a i l a b i l i t y  for  use i n  the 25 kW Power System/SASP 

It i s  recommended 

and re la ted programs. 199 



4.7.3.2 Cross-Arm 30 VDC Power Dis t r ibut ion 

The design for d i s t r i bu t i on  o f  3OV power on the Second Order Platform cross- 

arms should achieve good balance between i so la t i on  of payload c i r c u i t s  fmm 

transient sources, switching complexity, wi r ing complexity, f l e x i b i l i t y ,  and 

scar penalty t o  accomnodate an extension cross-arm "ki t " .  A scheme which 

achieves minimum complexity wi th miniinum scar i s  shown i n  Figure 4.7.3-2. 

Scar c i r c u i t s  are indicated by the darkened protecticr?/switching device boxes. 

The payload element (experiment) c i r c u i t s  t o  both berthing ports on the cross- 

arm, share a comROn feeder. A l l  subsystem c i r c u i t s  also share a c o m n  feeder. 

The merits o f  t h i s  scheme therefore, depend on each o f  the loads connected to  

a c o m n  bus being r e l a t i v e l y  insensit ive t o  transients produced by the others. 

C- TO PAVLOAD 
No. 1 OPRTM 30 voc rnRI8UTOR.  

TOPAVLOAD 
No. 2 BERTH 

PAVCQUD ELEMtwl 
)(HNTlNO AWD PAVLOAO 

VIEWMI0 L I W  

W4OTECTK)NI 
I#rlTCHING 
OEVlCE trmcAL) 

succoRI MoouU nm, 
30 VDC DISTRIBUTOR 

DlJTRlBUTOR 

MINIMUM SCAR PENALTY 
FOUR SCAR CIRCUITS 

MINIMUM ISOLATION OF 

MINIMUM WIRINC) ON CROSSARM 
SWITCHABLE BUS REDUNDANCY 
MAXIMUM RATED F-3TECTIONI 

PAVLOAD CIRCUITS SWITCHING DEVICESCABLE CIRCUITS 

Fisure 4.7.3-2 Crossam 30 VDC Power Dis t r ibut ion Scheme A 
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Switching provisions i n  the Support Module (SM) d i s t r i bu to r  permits selection 

o f  e i ther  o f  two source buses f o r  each feeder. However, loss uf a s ingle 

feeder e i t he r  terminates o r  c u r t a i l s  experiment a c t i v i t y  a t  both o f  the cross- 

arm ports. A comnon feature t o  each o f  the schemes considered i n  t h i s  trade 

i s  the use o f  a redundantly supplied aux i l i a ry  bus f o r  the SM s.ibsystem loads. 

In  addition, certain subsystem loads are i n  themselves, redundant, e.g., 

actuators, TCS pumps and inverters. As also noted, redundant c i r c u i t s  are 

provided f o r  platform cross-arm subsystem redundant actuators and drives 

which are c r i t i c a l  f o r  docking/undocking, but are inact ive a t  a l l  other times. 

F i g u k  4.7.3-3 shows a second scheme which i s  essent ia l ly  the ant i thesis o f  

the f i r s t .  

c i r c u i t s  (experiments, pointing, and subsystems), but a t  the expense o f  maximum 

scar penalty and complexity. I n  t h i s  scheme loss o f  a single feeder af fects 

a c t i v i t i e s  only a t  the associated payload berth. Expansion t o  accommodate an 

extension cross-arm k i t  i s  by plugging i n t o  the scar payload c i r c u i t s  and 

scar platform subsystem c i r c u i t s  taken t o  the interface umbilical a t  the 

outboard end o f  the cross-arm. 

I t of fers  maximum iso lat ion and f l e x i b i l i t y  f o r  a l l  payload 

A t h i r d  scheme which i s  a simple var iat ion of the second, conbines payload 

point ing and subsystem c i r c u i t s  on a comnOn feeder, but with separate feeders 

t o  each payload port, as shuwn i n  Figure 4.7.3-4. This system icetains f u l l  

iso la t ion f o r  a l l  payload elements while reducing scar penalty as wel l  as 

active equipment parts count. 

Further s impl i f icat ion i s  achieved without compromising payload c i r c u i t  iso la t ion/  

f l e x i b i l i t y  by the scheme shown i n  Figure 4.7.5-5. This i s  the preferred 

scheme f o r  cross-arm 30 VDC power distr ibut ion.  The use o f  radial  feeders 

to  the individual payload elements i s  retained. A normally open contactor i s  
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OF PAYLOAD SYSTEMS 
MAXIMUM SCAR PENALTY 

BUS SWITCHIN6 FOR INDIVIOUAL PAYLOAD 
CIRCUITS ENHANCES FLEXIBILITY 
MAXIMUM NUMBER OF PROTECTlONl 
SWITCHING DEVICES IN SM DlSTRl6UTOR I 12 SCAR PAYLOAD CIRCUITS ' 

4 SCAR PLATFORM CIRCUITS 

F R W  
n LW 
i w E n  

8 SCAR PAYLOAD CIRCUITS 
4 SCAR PLATFORM CIRCUITS 

PROVlOES MAXIMUM ISOLATION 
BETWEEN PAYLOAD ELEMENTS 
PAYLOAD POINTING AND SUBSYSTEM 

SCAR PENALTY 

I LESS WIRING, FEWER PROTECTION/ I %%%?~bk?OR PAYLOAD SWITCHING DEVICES THAN SCHEME B 
CIRCUITS RETAINEO 

Figure 5.7.3-4 Crossarm 30 VDC Power Distribution Scheme C 
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MODERATE SCAR PENALTY 

ENHANCED FLEXIBILITY (PAYLOAD 

4 SCAR PAYLOAD ELEMENT CIRCUITS 
4 SCAR DISTRIBUTOR CIRCUITS 

CIRCUIT BUS SWITCHING) RETAINED 

MAXIMUM SOUTION BETWEEN 

NEAR MINIMUM WIRING ON ' 
PAVLOAO ELEMENTS 

CROSSARM 

Figure 4.7.3-5 Crossarm 30 WDC Power Dis t r ibut ion 
Scheme D J Preferred 

added between the buses i n  the point ing and subsystems d i s t r i bu to r  t o  permit 

supplying a l l  d is t r ibu tor  loads, as required, f o r  the loss of e i ther  feeder 

from the SM d is t r ibutor .  The cmtactor  and feeder c i r c u i t s  are sized 

accordingly. 

Compared t o  the f i r s t  scheme (Figure 4.7.3-Z) , the advantages o f  t h i s  approach 

are that  i t  (1) provides maximum iso la t ion  between payload elements ftjr both 

the basic and extended second order platforms, (2) maintains i so la t ion  between 

payload subsystems, (3) of fers  higher indicated r e l i a b i l i t y ,  and (4) o f fers  

lower o r  comparable system cost. The disadvantages are (1) higher scar 

weight, (2) increased overal l  cable weight, and (3) increased number o f  

t r a i l i n g  cable Insta l la t ions t o  cross rotating/hinged jo in ts .  The t o t a l  

nuher  o f  cables may be reduced, however, due to routing payload element 
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c i r c u i t s  d i r e c t l y  t o  the berthing port h i l i c a l s  instead of v ia  cross-arm 

distr ibutor.  

4.7.3.3 Cross-Arm 120 VDC Power Dis t r ibut ion 

Power d i s t r i bu t i on  a t  120 VDC i s  provided as a high ef f ic iency a l ternat ive t o  

d is t r ibut ion a t  30 VDC. It i s  offered as an option f o r  payload elements only. 

It i s  a t t rac t i ve  f o r  large bulk power usage (e.g., furnaces) o r  where a higher 

degree of i so la t i on  i s  required than can be economically provided a t  30 VDC. 

To present potent ia l  users wi th the same basic f l e x i b i l i t y  afforded by the 

bus switching schemes i n  the 30 VDC systems j u s t  discussed, a t M r d  120W br:s 

i s  added a t  the Power System platform interface. The 25 kW Power System reference 

concept includes three 120V regulators f o r  the baseline two-bus 120V system. 

The proposed three-bus system would dedicate a regulator t o  each bus thereby 

providing f o r  isolated operation where required. Each 120V payload element 

c i r c u i t  could be switched t o  one of two buses i n  the SM 120V d i s t r i bu to r  

j u s t  as the 30V payload c i r c u i t s  are i n  the SM 3OV dis t r ibutor .  A comparison 

0: the two-bus system with the three-bus system i s  s u m r i t e d  i n  Figure 4.7.3-6. 

TO ?AY LOAD 
NO. 1 BERTH 

F U N  1 \ -  

TWO 120 VM: PS IIF'S vs TIWE in voc PS I/FS ]/PREFERRED 

0 REFERENCF PS BASELINE 
0 LOWERCOST 
0 RESTRICTS OISW4IWTlON 

FLEXIBILITY TO PAYLOADS 

0 GREATER OlSTRlOUTlON FLEXlBlLlW 
0 INCREASED SWITCHING ON PLATCORM 
0 AODS I /F CIRCUIT FROM PS 
0 MAXIMUM tSOLATlON FROM TRANSIENTS 

F i  gum 4.7.3-6 Crossarni 120 UDC Pay1 oad Power D i  s t r i b u t i  on 
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4.7.3.4 Equipment Ground Bus 

An equipment ground bus i s  carr ied throughout the Platform f r o m  the berthing 

port unbi l ica l  t o  the Power System interface. This provides a control led low 

impedance path f o r  equipment primary power f a u l t  currents and assures proper 

operation o f  f a u l t  clearing devices such as fuses and c i r c u i t  breakers. The 

required low impedance i s  normally provided by continuous metal l ic  structure 

properly bonded a t  a l l  jo ints.  However, the baseline platform structure uses 

a composite graphi te/epoxy structure f o r  the standoff, cross-arms, mini - a m  

and t r a i l  arm. Only the support module s metal (aluminum). The high 

r e s i s t i v i t y  o f  composite (laminated) graphite/epov precludes use o f  the 

platform structure as a fau l t  current return path. Therefore, dedicated 

conductors sized to  meet equipment ground bus requirements are provfded. 

4.7.3.5 T ra i l i ng  Cables 

Superflex wire i s  employed where t r a i l i n g  cables are used t o  cross hinges, 

+90° - and - +180° rotat ing jo in ts ,  and as stowed/deployable cable i n  extendable 

platform sections. 

and/or wire bend radius must be kept low. The necessary f l e x i b i l i t y  w i l l  be 

provided by contro l l ing wire stranding and l a y  (s imi lar  t o  welding cable), 

and specifying wire insulat ion/jacketing t o  achieve required f lexure properties 

compatible with outgassing, abrasion resistance and other constraints. This 

approach was taken by MDAC for power transfer across art iculated j o i n t s  on 

the Orbiter Remote Manipulator System (RMS) for the Power Extension Package 

(PEP) application. k k u p  test ing t o  establish f e a s i b i l i t y  of t h i s  concept 

was conducted by SPAR o f  Canada, the RMS contractor. 

It w i l l  be used wherever s ign i f icant  slack i s  required 
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4.7.3.6 Approaches t o  Supplying Peak/Pul se Power Loads 

Tha platform d is t r ibu t ion  system w i l l  accomodate indiv idual  payload element 

peak power requirements up t o e k W .  Available payload data has indicated 

re la t i ve ly  few requirements f o r  peak power greater than t h i s  leve l  before 

taking quantum jumps t o 2 5 k W  and higher. 

Changed t o  30 f o r  Final Briefing. 

50 

For most applications, Approach A i n  Figure 4.7.3-7 i s  adequate. Peak power 

-is supplied d i rec t l y  t o  the payload element a t  e i ther  120 VDC (24 kW) 

o r  30 VDC,, Considerably more power could be supplied f o r  short durations by 
(30 kW). 

A) 
PLATFORM PAYLOAD 

qy- 
I I., 

REGULATED 120 VDC OR 30 VDC 
CONTINUOUS PEAK 

4600 6900 

SUPPORT MODULE 
POWER MSTRIBUTOR 

C) / VYPICAL) 

PAYLOAD. 
ELEMENT 
(TYPICAL) 

Figure 4.7.3-7 Approaches t o  Supplying Feak/Pulse Power Loads 

making modifications t o  the Power System and platform systems. The peak power 

that  can be drawn by the loads i s  constrained by Power System regulator/charger 

l imi ta t ions and d is t r ibu t ion  system capacity even though the Power System 

arraylbattery source i t s e l f  i s  capable of supplying more power. To take 

better advantage of the Power System source capabil i ty, addit ional regulators 

would have to  be added together wi th ,ncreased Power System and platform 

d is t r ibu t ion  capacity. This would allow the to ta l  demand to  increase up tc; 
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the next l i m i t  which i s  set by the chargers, assuming d is t r ibu t ion  capacity 

i s  increased as required. The peak duration would be l im i ted  by array/battery 

charge/discharge energy balance requirements. As an a l ternat ive t o  adding 

regulators, options such as bypassing the regulators and/or adding peaking 

batter ies a t  the load, should be considered. 

Bypassing the 120V regulators o f fe rs  greater increases i n  peaking capaoil i t i e s  

with less penalty than bypassing the 30 V regulators. This approach requires 

tha t  the load be capable o f  operating over the wider voltage range set by 

battery chargeldischarge voltage 1 imits, and tha t  the d is t r ibu t ion  system be 

capable o f  handling the increased power flow. The imp?ication o f  t h i s  approach 

i s  that  i t  would be best suited for a special s ingle high peak demand user and 

tha t  a dedicated unregulated bus would be provided uniquely for t h i s  application. 

To avoid s ign i f i can t ly  impacting both the Power System and platform design 

for unique peaking apb~ications, peaking batter ies can be added a t  the load 

as shown by Approach B i n  Figure 4.7.3-7. 

Approach B u t i l i z e s  platforni power capabi l i ty  t o  charge a peaking battery 

provided by the payload. This arrangement gives maxilnum f l e x i b i l i t y  t o  the 

user. It allows scheduling combinations of high peak power - short duration 

loads, lower peak power - longer duration loads, and/or pulse power loads a t  

user specified voltage levels, l im i ted  only be definable platform charging 

power constraints between battery discharges. 

A varicrtion of t h i s  arrangement i s  given by Approach C where the charger i s  

located on the Platforminstead of wi th  the load. Approach C can provide the 

features i n  6 if the charger i s  user provided o r  specified, but introduces 

new interface requirements and possible additional cost f o r  experiment 

integration. 
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Approach D on Figure 4.7.3-7 also can provide the features i n  B, but a t  t'te 

expense of compounding interface control requirements and user integrat ion 

costs re la t i ve  t o  C. 

leading edges of the pulses are steeper than the battery can supply, compensating 

capacitors may be required i n  the payload. This further complicates the 

interface by requir ing control of the dynamic impedance presented t o  the 

payload by the charger, battery, and interconnecting power l ines. 

I n  addition, if the load demands pulsed power and the 

The preferred method of srrpplying peak/pulse power t o  payload elements 
24-30 

demanding more than W kW i s  shown i n  Approach B (Figure 4.7.3-7). 

4.7.4 Conclusions and Comments 

This section reported on work accomplished i n  the fol lowing areas: 

1. C i rcu i t  protection and switching 

2. Cross-arm 30 VDC power distribut;on 

3. Cross-arm 120 VDC power d is t r ibu t ion  

4. Equipment ground bus 

5. T ra i l ing  cables 

6. Approaches t o  supplying peak/pulse power loads 

Conclusions reached i n  each area are summarized below: 

0 Use (a) latching power relays/contactors i n  series w i th  fuses, and 

(b) Remote Control C i rcu i t  Breakers (RCCB's). 

0 Use radial  c i r c u i t s  from support module d is t r ibutors  t o  supply payload 

elements (experiments) a t  either/both 30 VDC and 120 VDC, Supply a l l  

other payload and cross-arm support equipment c i r cu i t s  from cross-arm 

30 VDC d is t r ibutor .  
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Carry an equipment ground bus throughout the Platform t o  provide the 

required low impedance return path f o r  f a u l t  currents. 

Use superflex wire f o r  t r a i l i n g  cable applications a t  hinges, jo in ts ,  

and i n  deployable structure sections. 

Use payload provided peaking batter ies for payload element peaks greater 

than W k W  a t  cross-arm berthing ports. A t  a i l  other ports, provide 

f o r  peaks up t o  Power System capabil i ty. 

30 

4.8 MECHANICAL DESIGN TRADES 

Mechanical design trades were performed on the F i r s t  Order Platform t o  s e l t x t  

a method o f  berthing the pal le ts  t o  the Power System. 

Trades on the Second Order Platform lead t o  the selection o f  designs f o r  arms 

and support modules, These designs then formed the basis for synthesizing 

mechanical subsystems which consisted of various arrangements o f  arm concepts 

and support modules. A tolerance comparison and a launch configuration trade 

provided the data f o r  selecting a recomnended design. 

4.8.1 Requi remen t s  Sumnary 

Requirements for the design of mechanical subsystems are s u m r l t e d  i n  Table 4.8-1. 

4.8.2 Important Factors and Considerations 

The mechanical subsystem interfaces wi th  nearly a l l  other f l i g h t s  hardware 

elements including Power System, payloads, Orbiter, and platform subsystems. 

As such, interface compat ib i l i ty  wi th  these other elements i s  a prime considera- 

t i o n  i n  the design. From a geometric standpoint, adequate separation o f  the 

elements must be maintained with adequate clearance for moving surfaces. 

This i s  especially t rue i n  the case between the Power System arrays and 

platform and payload surfaces. Also, clearances between payloads and between 

209 



payloads and platform surfaces, must be adequate. Upon Orb i ter  docking, the 

design must maintain adequate envelopes f o r  the Orbiter. 

0 Provido brrthing and -to s o ~ ~ t i m  brtwoon plyl~rdc 8 d  

m y l w d s  and Pawor S y s t r .  

0 Accessibi l i ty  for on-orbit servicing and u i n t m m c r .  

0 Provide muring for sorvicos b c t m n  Orbltrr. Pauer S y s U  an6 
W l M d S .  

0 .Capability tu be packag8d in Orbltor 

0 Enrblc payloads to be berthrd tra Orbitor. 

0 l4lnimire on-orbit assembly. 

0 Miniaite weight a d  cost. 

0 Accommodate p lr t fom subrystm horban. 

0 .  Provide 2lW rotation upabl: l ty  for cross-am. 

0 Provide continuous rotation of Wail am. 

0 Flcx lb l l i ty  to rccOmm&te a l l  Crndidrte configuntions.  

Payload orientation tolerance &tween Paylord and Pamr 3.6- 
should be alnlmizod. 

for launch. 

0 k d l a t o r  a m  mst be providod on mn-deployed platforr wm. 

Table 4.8.1-1 P quirements Sumnary 

Orbiter compat ib i l i ty  i s  a prime consideration regarding bay envelope and 

environment. The launch package must f i t w i th in  the allowable geometry and 

must wfthstand the bay environment. Once on-orbit, the deployment operation 

requirements must be wi th in  RMS operational l im i t s .  

4.8.3 Work Accomplished 

A b r i e f  descript ion o f  mechanical design trades i s  given below. 

4.8.3.1 F i r s t  Order Platform Payload Berth 

Two basic approaches were considered for supporting payload pal le ts  on the 

F i r s t  Order Platform. The simpl ist  method modifies the p a l l e t  by i n s t a l l i n g  

attachment hardware so the pa l l e t  can be berthed d i r e c t l y  t o  the Power System. 

This approach, shown as Concepts A and B i n  Figure 4.8.3-1, i s  low-cost but 

can use up Orbi ter  bay volume and i s  l im i ted  i n  viewing capabi l i ty .  

210 



CONCEPT C RoTAnv 

e ROTATIOIUL FEATURE * I t N  8lWS 

0 NONotROYAlE TRUSS 
oTRUS EXTENDED FOR PAVLOAO 

0 1WttO MULTIVIEIYING CAPAUll fV 
~MOOLRATE COW 

AT lEUTML AN0 41 END O f  ad STW 

ROTA110N 

.PALLET uoumnici com~noiiiiv 

eSUFFICILUl VIEWIN6 CROVION 
ePCLLtTttALlllO FOR 

e LOWER COST THAN CONCEPT 0 
IWUTERFERENCE 

Figure 4.8.3-1 First-brder Platform Pa l le t  
Support Concepts 

The second approach t o  ?;??et mounting provides a simple b r r t l i  arm whtch i s  

permanently attached to  the rower System, see concepts C and 0 i n  Fi5ut-e 

4.8.3-1. Pal lets wi th bottom-mounting provisions are momted or: the berth 

arm which can be indexed 

Figure 4.8.3-2 Shows il w 

complexity, spec i f ica l ly  

t o  give f l e x i b l e  viewing capabi l i ty .  

de range o f  options f o r  the berth arm which vary i n  

indexing posi t ion design and degree o f  remote 

automation. Concept 4 wzs chosen because a h iyh degree of automated indexing 

i s  obtained w i th  a small increase i n  cost. 

The selected approach has three ident ica l  s t ructura l  configuration arms 

except f o r  the rotat ional  features. The +% and -Y rotates clockwise and the 

+Y arm rotates counter clockwise looking outboard froin the Power System. 
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Figure 4.8.3-2 First-Order Platform Payload Berth 

4.8.3.2 First Order Platform Pa l l e t  Support Concepts 

Several a l te rna tes  were considered for  mounting o f  payload p a l l e t s  t o  the 

Power System docking ports.  These a l t e rna te s  p l u s  pros and cons are sham 

i n  Figwe 4.8.3-3. Bottom mounting of the pallets i s  recomnended t o  maintain 

continuity f r o m  first 

o f  payload bay usable 

END MOUNT 

order t o  second order platform design, t o  avoid loss 

length and t o  minimize dead-ended hardware development. 

PROS - 
0 PERYLTS iZ -0 + X 

0 PROVIDES PAYLOADIPALLET 

0 END ATTACHMFM SUITE0 TO 

VIEWING FROM t V  PORTS 

STANDOFF CLEARANCE 

CURRENT UMBILICAL Lmnw - 
MINIMUM MOOIFICATION 

0 REOVIRESSTRUCTURAL 
CONS 

AlTAU(YE;Y'T HARDWARE 
(DEAD ENDED 1 

PALLETYLAUNCH 

WILL CONSTRAIN PAYLOAD 
LOADING 

STRUCTURE FOR PLATFORM 
MOUNTING 

0 DIFFICULT TO INCORPORATE 
ATTACHMENT ON PS {IMPACTS 
PALLET LOADINGS AND 
UMBlLlCALl 

0 NEED REMOTE N V\€WN6 
OF PALLETIRMS 00CKING 

0 REDUCES NUMBER OF 

0 STANOOFF hTTACMMENT 

omJUL0 REOUlRt ADOED 

pRM 
0MEQVELECT WWRFACE 

SAME AS PLATFORM 
0 GEOMETRY REDUCES 

STANDOFF REOUIREMENT 
0 NO IMPACT ON CNIGO BAY 

LOADING 
toNs 

0 INSUFFICIENT SPACE FOR (41 
END EFFECTOR ATTACHMENT 
ON PALLET [GRAPPLE FITTINGS) 

0 INTERFACE IS SMALLER THAN 
3RBlTERlff INTERFACE 

0 NEE0 REMOTE N VIEWING OF 
PALLETlRMSDOCKlNG 

0 POOR VIEWING FROM +X AND 
t V  PORTS UNLfSSgOo ADAPTERS 
ARE USED 

0 CAW PROVIDE MYLOAW 
PALLET STANWFF 
CLEARANCE 
USES STANOM0 P M L n  
AlTACMMENT FITTINGS 

0 SlMPLWltO VIEIIII(yQ OF 
PALLR DOCKING BV RMS 

CONS - 
0 ATIACMMEM DOES NOT 

REOUIRES UNlWE IMER.  

MATCH PLATFORM 
MOUNTING (DEAD ENDED) 

FACE STRUCTURE -COULq 
BE LEFT ON Ps 

0 PALLEt TMERMM 018TORtK)N 
WILL HAVE MAX EFFECTON 
PAYLOADS 

0 MULTIPALLET SIZES WILL rvot 
HAVE CONSTANT KEEL FlTTlNQ 
LOCATION -WILL CAUSE 
DIFFICULTIES AT PLATFORM 
LEVEL 

Figure 4.8.3-3 Pallet Docking Options First Order Platform 
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4.8.3.3 Second Order Platform Arm Design 

This trade compared various platform deployable arm design concepts, shown 

i n  Figure 4.8.3-4 from a mechanisms standpoint. The concepts were compared 

based on complexity, packaging eff iciency, r i g i d i t y  and r e l i a b i l i t y .  

Results o f  t h i s  comparison are shown i n  Figure 4.8.3-5. This preliminary 

study indicates that the folding arm and the expandable truss concept best 

sat isf ies these conditions. The best feature of each configuration w i l l  be 

considered i n  the f ina l  structural  configuration. 

0 OROUND CONSTRUCTED TRAPEZOlOAL 
APIROACHES 

- ERECTABLE MOWL - EVA ASEM9LtD 

- FOLDED TRUSS - DEPLOVABLE ARM - ExPAMWDABLC TRUSS - T E L E W I N O  TRUSS 
gROUNO COWSTRmEO - ROTATABLE - FOLDED MOWLEI - FOLDABLE CLAW ARM 

0 SPACE DCPLDVED-FOLMNO TRU8S 
lALL BUT MSIONED 
IN RECENT PLATFORM 
STUDV CONTRACT) 
0 SPACE CONSTRUCTED 

0 MSFC COWEM 

CAR00 W V  RLPUCA. 

@- 
EXPANDABLB TRUSS. 

0 =ACE D E P L O V C D T E L E ~ N O  TRUSS 

Figure 4.8.3-4 MDAC Structural Buildup Concepts 
Plus MSFC's = Broad Start ing Base 
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Figure 4.8.3-5 Prel irninary Estimates o f  Pkchanism Complexity , 
Rel iab i l i ty ,  R ig id i t y  and Packaging 

A trade study was performed on the various concepts for compaction rat io .  

(See Figure 4.8.3-6.) The MDAC te le fo ld  expandable compaction r a t i o  o f  9.5:l 

was the most compact for  stowage and was a very promising concept based on 

high compaction r a t i o ,  ease of l i n e  routing, minimal thermal distort ion,  

l imi ted number o f  jo in ts ,  and low weight. 

The basic module i s  comprised o f  two berthing ports approximately 20 ft on 

center; each concept was reviewed for  i t s  compaction characterist ics. 

The maximum compaction r a t i o  o f  9.5:l was accomplished wi th  the WAC t e le fo ld  

expandable concept, each concept has i t s  unique features. The ideal concept 

w i l l  be expandable arm type with a structural configuration that  w i l l  meet 

r i g i d i t y ,  r e l i a b i l i t y ,  and thermal d i s to r t i on  requirements. Based on these 

requirements, the MDAC te le fo ld  and screw expandable concept i s  the emerging 

concept. 
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Figure 4.8.3-6 Platform Arm Compaction Comparison 

The f i r s t  quarterly study showed various arm concepts as shown i n  Figure 4.8.3-7. 

These concepts were reviewed and narrowelf down to  three; fixed, t e le fo ld  

expandable, and sector dr ive expandable. 

compaction, and stiffness were the c r i t e r i a  used t o  compare concepts. 

Cost, re1 i a b i l  ity, serviceabi l i ty ,  

The a l l  f ixed truss concept was not selected due t o  greater dynamic def lect ion 

because of a smaller moment of i n e r t i a  f o r  a design which was compatible 

wi th the launch envelope. The fixed truss also had a shorter distance between 

the payloads. The sector dr ive was not selected due t o  higher cost, weight 

complexity, lower r e l i a b i l i t y ,  and greater f ree play. 

The selection c r i t e r i a  shown i n  Figure 4.8.3-5 indicated that  the cod ina t i on  

of a f ixed and the te le fo ld  expandable was very desirable. Figure 4.8.3-8 

i l l us t ra tes  th i s  approach. 
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Figure 4.3.3-7 Flatfomi Am Concept Candidate 



The application o f  f ixed and expandable elements depends on the configuration. 

For the cross-arm configuration, fixed truss was selected f o r  standoff and 

inner truss on cross-arm and telefold expandable i s  used for outer truss on the 

cross-arms. For T-bar t r a i l  arm configuration, the cross-arm, standoff, and 

support module are ident ical  t o  the cross-arm concept. The t r a i l  arm on t h i s  

configuration i s  f ixed and the outer truss i s  te le fo ld  expandable. The t r a i l  

arm configuration uses the same support module as the T-bar t r a i l  arm configura- 

t i o n  except the cross-am are del2ted and the t r a i l  arm consists o f  f i xed  

truss (radiators mounted) and telefold expandable truss f o r  the outer two 

trusses. 

4.8.3.4 Second Order Platform Tolerance Study 

A tolerance study was performed t o  determine variat ions that  can occur 

between the Parer System and palle: interface due t o  platform effects o f  

free play, manufacturing and assembly, thermal d i s to r t i on  and rotat ional  

indexing. Various combinations of fixed and expandable truss concepts were 

analyzed for  the cross-arm configuration as shown i n  Figure 4.8.3-9. Table 

4.5.3-1 gives the c r i t e r i a  and assumptions used i n  the study. 

In  reviewing the compiled results, i t  i s  evident that  the t o t a l  error i n  yaw 

and r o l l  fa l l s  within 3 t o  6 arc min. The p i t c h  error  i s  high, but t h i s  was 

due t o  selecting 12 arc min. on the point ing error. This error can be reduced 

much lower i f  the experiments without IPS has lower er ror  requirements, but 

t h i s  w i l l  increase the cost of the rotat ional  system. 

Results shewed that f o r  the various canbinations o f  f ixed and expandable truss 

concepts, the error i s  re la t i ve l y  small. Concept "E" had the smallest overal l  

tolerance but d i d  not  meet the spacing c r i t e r i a  due t o  compaction requiremnts 

fo r  launch. The to ta l  SASP accuracies w i l l  be sumarized i n  the Att i tude 

Control section. 
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Figure 4.8.3-9 2nd Order SASP Cross Arm Configuration 
To1 erance Study 

CRITERIA & ASSUMPTIONS 

(14.5 FT Dla X 44 Ft Lg) 

Assemblable by RMS 81 Packaged in (1) Launch 

- Graphite Epoxy Composite 

0 Structural Configuration Foldable for Launch In 

0 All Fixed Structure SASP to be Foldable and 

0 StructumMatl 

0 Thennal Conditions (Vehicle Attitude 

0 Pinned Joint Clearances 0.002 In. Max. 

0 Rsr, all Tolerances 
0 Controlled Amy 6 Mfg Tolerance8 for Erne of Fab 
0 Rotational Jolnt f 180' 

(X-POP Y-PSL) 

(For folding and Deployable Structure) 

Table 4.0.3-1 SASP Cross Am Configuration 
To1 erance Study 
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Figure 4.3.8-10 shows the tolerance study resul ts f o r  the second order t r a i l  

arm concept. This configuration was also analyzed f o r  mechanical e r ro r  caused 

by manufacturing and free play. These errors are s imi lar  t o  the cross-arm 

configuration and are not a s igni f icant contr ibutor t o  the overal l  accuracy. 

ROTARY .mNT ROTARY .mNT 

I TOLERANCL t MIN VEHELE 
m 

YAW P m  ROLL L8 

FREE 158 1.60 1.60 84ao 
PLAY 

0 FlWD &NO TELEKKO 
EXPANMBLE HYBRID 
STRUCTURE 

0 FIXED TRUSS OF 
SUPPORT IIOM)LE FOR 
RADIATORS 

0 EXPANOABLE sEcTloN 
N R T M  IN ORBIT WITH 
RMS 

Figure 4.8.3-10 2nd Order SASP Tra i l i ng  Arm Concept 
Free Play & Tolerance Study 

4.8.3.5 Arm Truss Launch Packaging 

Figures 4.8.3-11, 4.8.3-12, and 4.8.3-13 show various options for storage o f  

the SASP. The basic concept shown i n  Figure 4.8.3-13 o f  stowing three trusses 

i n  l i n e  was selected based on deployment r e l i a b i l i t y ,  s imp l ic i t y  o f  the 

deployment mechanism, and no assertbly requirement on orb i t .  

4.8.3.6 Second Order Expandable Structure Service Routing Concepts 

Figure 4.8.3-14 shows various concepts of routing coolant 1 ines and e lec t r i ca l  

cab1 ing through and expandable structure. 
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Figure 4.8.3-11 Launch Packaging Concept 

*INCREASED in- DEPTH mku AXIAL DIWPUCEMENT 
OF ROTAflNQ JOINTS 

Figure 4.8.3-1 2 A I  ternate Launch Packaging Concept 
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64.1'D 
C=COM?LETED 

ARM D=DEPLOYED 

Figure 4.8.3-13 Deployable Arm Expandable Truss 
Gn Pal le t  Spacing 3,G, and 9 P a l l a t  Configuration 

CONWLUTED TUBING ran FLUID AND ELECT 
CONCEPTT oseovmmcr REEL ca(ycE*t Y 

I n t E L  na lwo AN0 
rnIVEL JOINT I FLUlDAlYDEUCT 

REEL DEILOVMLE FOR 

Figure 4.8.3-14 2nd Order Expandable Structure 
Service Routing Concepts 
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There are many problems related t o  rout ing l ines  through deployable structures. 

Various concepts were studied f o r  t h e i r  advantages and disadvantages. 

Concept "A" w i l l  only have connections a t  each berthing port  and the l ines  

and tubing w i l l  be looped and restrained i n  the stowed position. When the 

truss i s  deployed, the l ines  w i l l  be automatically deployed and w i l l  have 

free play t o  account f o r  manufacturing tolerances, thermal expansion, and 

contractions. The advantage of the convoluted tubing i s  tha t  i t  i s  continuous 

and requires no swivel j o in t .  

Concept "Bo u t i l i z e s  two swivel jo in ts ,  twc sections o f  steel tubing, and 

one section o f  convoluted tubing for f lex ing between each expandable node 

(approximately 8 feet expanded). The e lec t r i ca ls  are routed i n  the s imi lar  

manner except w i  11 require two connectors/node. 

Concept "C" requires three swivel j o in t s  and two steel tubes between each 

node. E lect r ica l  cables can be the f l a t  f lex ib le  type folded between each 

node. 

Concept "D" i s  a reel  type f o r  the e lec t r i ca l  and f l u i d  l ines. The expandable 

structure w i l l  deploy the services. Concept "A" was selected based on 

minimum connections, minimum leak jo in ts ,  maximum r e l i a b i l i t y ,  and l ightweight. 

Further study should be accomplished i n  t h i s  area, especial ly since the 

deployable structure designs d i f fer  widely for  v a r i  ous configurations, which 

affects the routing. 

4.8.3.7 Support Module Concept Trades 

The Support Module i s  the central system of the unmanned platform which houses 

the electronics, thermal control and avionics. Various concepts o f  the support 

module were studied. (See Figure 4.8.3-15.) 
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FOLDIN0 C w  ARM #' 3 
FIXEO HAND OFF mrlCfunE 

nmmv JOINT IMEORAL 
WITH SrRUmaS 

0 VARlOUS COIICLII OF WrWnrt 

0 CONCEIT "A* SELECIEO WED Ow: 
UOOULE nEwcweo 

NO * u Y  IN ORBIT W M E  

*FULLVAUTODEIU)VULE 
ChW ARM COIIRWRA- 

, *:oLDINGcowcL~Fan 
LOAOINQ AI0 AN0 S T O W E  
STAND OFF INtEORALWllP 
EOUQPMENT OAV 
COMPLETE CHECUOUT ON 
Onourm 

FIXED BERTHING PORT WITH LACII ARM IDENTICAL WITH Ea 
. ROTARY JOINT ON ARMS BAY PARI OF EACH ARM 

F i  gure  4.8.3-1 5 Support Module Concept Trades 

Concept "A" has a fixed truss standoff between the Power System and support 

module. Th i s  concept ha= +he two cross-arm folding concepts and a l so  has a 

port  f o r  the t r a i l i n g  arm concept. T h i s  concept is un 

for  the cross-arm o r  the t r a i l  arm configuration. The 

fo r  maintaining the radial  clearance between the so la r  

si1 the cross-arms for  the selected payloads. 

versa1 and can be used 

standoff is requi red 

array and the experiment 

Concept "B" i s  attached direct ly  t o  the Power-System without any standoff. 

The arms have t o  be assembled i n  orbit.  The ro ta t ion  feature  is integral  

w i t h  the mail1 s t ructure .  

Concept "C" i s  a lso  attached d i r ec t ly  to  the Power System. The  rotat ional  

and folding features  a r e  located i n  the c r o s s - a m .  
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Concept "0" has the equipment bay integral  wi th  each arm an< when the arms 

are assembled i n  orb i t ,  the equipment bay w i l l  be one uni t .  

Concept "A" was selected so that  the cross-arm configuration would require 

no assembly i n  orb i t .  This concept i s  f u l l y  auto-deployaule i n  o r b i t  and i s  

t o t a l l y  checked out and assembled on the ground. The folding feature i s  used 

f o r  fo ld ing the cross-arms fo r  launch compaction and i s  also used t o  ro tate 

awns i n  certain applications f o r  loading and unloading payloads. 

4.8.3.8 Payload Pal le t  Berthing Port Interface Trades 

Various methods t o  interface the pa l l e t  t o  the SASP were studied, see 

Figures 4.8.3-16 and 4.8.3-17. 

s&''Q SASP TO PALLET 
BERTHING CONCEPT A 

SASP TO PALLET BERTHING PORT 
CONCEPT B UTlLlZlNG KEEL FITTING 

FIXED 
SPHERE 

SPHERE 
ECCENTRIC 

3 POINT MTO PAD 

EASE OF ALIGNMENT 
LOCATION PREDICTABILITY 

*SELF ALIGNING 
AUTO THERMAL COMPENSATION 

REDUNDANT REMOTE U N U T C H l M  

LESS PA1 .ET MODIFICATION 

MULTIPALLET INOEXINO 
*AUTO U T C H I W  HlGHER LOAD W R R V l W  cA?mklw 

Figure 4.8.3-16 SASP t o  Pal le t  Berthing Interface Concepts 
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PALLET UTILIZ!NO END EFFECTOR AND 
ORAPPLE FITTINO MTO ENVELOPE $ASP TO PALLET BERTHINO CONCEPT C 

I\ /PALLET 

IAfcM EFFICIENT WAD PATM 
SYSTEM DISTRIBUTION 

3 - ~ d 7 I N . f l m l  
MAX. SPAN ALLOWABLE FOR 
OFWPLE FllTlNG TO STAY EFFECTORS BUT NOT 1 - 27.84 IN. (0.707 4 

Iym. (IpAN ALLWED WL X N  ORBITER DYNAMIC 
UeLECTED CONCEPT CLEAR PLACEMENT OF KEEL CLUMNCE 

Fl lT lNa ON EITHER EN0 
ORAPPLE FIlTINO CANNOT BE 
u8eD AND MAINTAIN SPACING 

WITW AIR LOCK tUCf 

2 - 37.44 IN. [ O B  rn) L4sI PREDICTABLE 

*NO PRELOAD DURINO W'-X. SPAN 4LUmABLE I F  TO BE INTEACNANOLABLL 
W ALIGNMENT 

KEFL WTIW IS INSTALLED 
ON >*E SIDE ONLY CONFIOUIUTION 

Figure 4.8.3-17 SASP t o  P i i l le t  Berthing Interface Concepts (Continu2d) 

Concept "A" i s  bottom-mounted wi th  a three point  latching system. 

latching leg longer f o r  i n i t i a l  engagement, which i s  a f ised spherical b a l l  

It has one 

f o r  pa l l e t  rotat ional  indexing. The other sphericdl ba l l s  are cn x c e n t r i c  

center t o  a1 low f o r  manufacturing and assembly tolerance and f o r  thermal 

movements. 

Concept "B" i s  also a three-point la tch ing system, the keel f i t t i n g  i s  

u t i l i z e d  and latched, and the other two points are ident ica l  t o  Concept '8At1. 

Concept OC" i s  a fwr l a tch  system with a la tch ing concept s imi lar  t o  the 

Orbi ter  trunnion latches. 

Concept 'ID" used RMS end effectors and grapple f i t t ings .  There were l im i ta t ions  

on the span locations due t o  grapple f i t t i n g  length i n te r fe r r i ng  with the 

O r b i  t e r  radi  a1 clearance envelope. 
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The trades indicated that Concept "A" met the Orbi ter  clearance envelope, 

berthed easily, and had thermal compensation features. Also, the  concept w i l l  

adapt universal ly f o r  Orbiter berthing, and payload berthing, and be compatible 

w' %.h the RMS operational l im i ts .  

4.8.4 Ccnclusions and Comnents 

Trades w e r -  ,-formed i n  the mechanical design t o  resolve key issues and 

select design concepts f o r  platform mechanical elements. 

The platform arm tradeoff cnpared the various concepts f o r  f ixed, expandable 

and hybrid designs. A f ixed truss concept was selected f o r  F i r s t  Order Platform 

and th i s  same fixed truss i n  conjunction w i th  a te le fo ld  expandable concept 

i s  recomnded f o r  the Second Order Platform. The Second Order Platform arms 

are launch configured with a l l  three trusses i n  l ine.  This resul ts  i n  

r e l i a b i l i t y  o f  deployment, s impl ic i ty  o f  deployment mechanism, and requires 

no assembly on-orbi t. 

The tolei-ance study indicated that  the to ta l  er ror  varied between 3 t o  6 arc 

min fo r  yaw and r o l l  and 15 t o  17 arc min i n  p i tch  which i s  not considered 

a s igni f icant selection driver. So the selection o f  the t russ configuration 

was selected due t o  s impl ic i ty,  low cost, r e l i a b i l i t y  and low weight. The 

selection indicated the fixed and te le fo ld  concept and met the major i ty o f  i t s  

object i yes. 

Bottom-mounting f o r  the pal le ts  was selected t o  maintain cont inui ty from 

f i r s t  t o  second order platforms, t o  avoid loss of payload bay useable length 

and to  minimize dead-ended hardware development. 

A service routing concept i s  recomnded which cnly has connections a t  the 

berthing ports. Lines and tubing w i l l  be looped and restrained i n  the stowed 
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posit ion and be automatically deployed when the truss i s  deployed. Convoluted 

tubing i s  used; i t  i s  continuous and requires no swivel j o i n t .  

A support module configuration was selected which allows folding of the cross- 

a m  f o r  launch compaction but i s  f u l l y  auto-deployable. This concept can be 

f u l l y  assembled i n  and checked out on the ground. 

4ms can be rotated i n  certain operations on-orbit t o  allow loading and 

unloading of payloads. 
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Section 5 
PLATFORM CONCEPTUAL DESIGN 

(Task 5) 

5.1 INTRODUCTION 

I n  t h i s  task, the platform concepts are f ina l i zed  based on early, general 

concepts defined i n  Task 1, dr ivers i den t i f i ed  i n  Task 2, Power System in te r -  

faces defined i n  Task 3, and refinements developed as the resul ts  o f  trades 

performed i n  Task 4. For reference purposes, the resources made avai lable t o  

payloads via the Platform, are l i s t e d  i n  Figure 5.1-1. 

POWER 
[AT THE LPLLET) 
- 

7 0 120 voc 

20 KU AVG - 
30 PEAK (CHAIIGED 
AT FINAL BRIEFING) 

SrABlLln ANoPomNQ 
oACCURACYc2DEG 
0 STABILITY c 0.1 DEG 
0 ORIENTATION 

XWP; YOSL; 2-IOP 

VIEWING 
0 CONTINUOUS EARTH W R V A T I O N  - NADIR 

- LIMWMAGNETIC movwatus 
0 LIGHT-SIDE SOLAR VIEWING 
0 CONTINWUSCELESTIALVIEWINO 

- 
0 EXPERIMENT SQ(EDULm 
0 EXPERIYENT POINTING 

AND POIMINOSYSTEM 
COMROL 

0 GROUND COMMAND LINK 

Figure 5.1-1 SASP Payload Support Resources 



5.2 CONFIGURATION 

5.2.1 Introduction 

This section presents the integrated products o f  Study Tasks 1, 2, 3, and 4 

relat iwe t o  the platform configuration. It begins wi th  an ear ly  concept for  

the Second Order Platform which was the only concept addressed unt i l  midterm. 

System-level guidel ines were established ear ly  i n  the study and continual ly 

ref ined o r  modified as the study de f i n i t i on  and direct ion developed. 

Configurations were developed based on the system-level guidel ines, require- 

ments, subsystem trades, and design drivers resul t ing from Study Task 2. 

These design drivers included, f o r  example, payload field-of-view requirements, 

paqload size and shape, payload servicing and staytime, Orbiter berthing, and 

dynamic environment. The concept evolution described i n  t h i s  section re f l ec ts  

the lessons learned as related t o  the key issues addressed during each o f  the 

study tasks. 

5.2.2 Early Study Concept fo r  Secocd Order Platform 

The integrated concept shown i n  Figure 5.2.2-1 and shown i n  deployment i n  

Figure 5.2.2-2, i s  an ear ly representative configuration developed f o r  mult i -  

d iscipl ine platform. The concept incorporates ground-assembled, t o t a l l y  space- 

deployed beam w i t h  an integrated support module. Each structural  beam 

incorporates a rotary j o i n t  enabling the Platform t o  provide multi-viewing 

capabil ity. 
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Figure 5.2.2-1 Science and Applicat'ons Space Platfonn 
Reference Configuration (Deployed) 
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"CROSS-ARM" OPT ION 

Figure 5.2.2-2 Reference Configuration Deployment Options 

The arms are folded during launch and restrained by in tegra l  support structures. 

Each arm has mul t ip le  p a l l e t  berthing ports and are spaced f o r  ease o f  replace- 

ment and for minimizing viewing obscuration o f  adjacent pa l le ts .  The support 

module provides central ized services for  the Platform and incorporates the 

ro ta t ion  mechanism for the s t ructura l  arms. Electronics systems are packaged 

i n  removable avionics modules. The physical s ize o f  the Support Moduleresulted 

f r o m  torquer bar separation requirements and ro ta ry  j o i n t  designs. 

The concept incorporates space expandable s t ruc tu ra l  arms w i t $  an integrated 

Support Module. 

viewing capabi l i ty .  

sections t o  permit compact stowage i n  the Orbi ter .  

Each s t ructura l  arm incorporates a ro ta ry  j o i n t  enabling mul t i -  

Swing-arm capabil i t i e s  are incorporated i n  the cross-am 
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Payload berthing provisions are provided a t  s i x  arm locations. Each berthing 

module incorporates two back-to-back berthing mechanisms and umbil ical panels. 

This redundancy permits mul t ip le  posit ioning of the Orbi ter  during on-orbit  

operations, as well  as payload i n s t a l l a t i o n  on both sides o f  the arm i f  required. 

The spacing shown between elements resulted from a cursory evaluation o f  clear- 

ances required t o  prevent interference between solar arrqv/cel es t ia l  and/or 

solar viekers, and between individual experiments as well  as viewing require- 

ments and Was reach envelope. This configuration was addressed ear ly i n  the 

study and l a t e r  became designated as the "Second Order" Platform, which i s  now 

planned to  follow the recently conceived "F i rs t  Order" Platform which i s  described 

i n  the next paragraph. 

5.2.3 F i r s t  Order Platform Configuration 

Based on direct ion received a t  mid-term, a mini-platform concept was developed 

based on a low-ini t ia l -cost ,  reduced complexity, and l im i ted  experiment capabi l i tv  

approach. The F i r s t  Order Platform, shown i n  Figure 5.2.3-1, represents a very 

compact early platform configuration t o  satis'y +hose requirements. The concept 

can be flown i n  various orientat ions as best suited f o r  ear ly payload combination. 

Consideration was given to  end, side, and bottom mountlnq o f  pqyload pal le ts  t o  

the Power System berthing ports. Each option was evaluated against the 

simultaneous mu1 t i p l e  viewing requirements i n  addit ion t o  the physical 

clearances required between payloads o r  between payloads and Power System 

elements as documented e a r l i e r  i n  Section 4 o f  t h i s  report. The bottom 

mounted p a l l e t  was selected as the preferred method with a three-position 

( 0  + - 90') arm with a 90" hinge. 

The F i r s t  Order P la t fo rm configuration, therefore, has three ident ical  (except 

f o r  indexing angles) structure arms. Each arm i s  3.0 m long and interfaces 
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Figure 5.2.3-1 1st  Order Platform 

d i r e c t l y  t o  the Power System +Y, -Y, and +X berthing ports. 

+Z p o r t  i s  J t i l i Z e d  as a parkins po r t  during payload exchacge. 

can place the payload i n  four posit ions w i th  the +X and - Y  arm ro ta t i ng  clock- 

wise and the +Y arm ro ta t i ng  counterclockwise. 

incorporates an act ive p a l l e t  berthing mechanism w i th  a deployable umbil ical 

panel. 

a bottom-mounted passive interface. The four-posit ion arm w i l l  al low the 

maximum viewing capab i l i t y  for t h i s  low cost F i r s t  Order SASP. 

The Power System 

Each arm 

Each payload in ter face panel 

The berthing mechanism i s  configured t o  accept a p a l l e t  assembly w i th  

5.2.4 F i r s t  Order Platform Growth Configuration 

Increased payload capab i l i t y  can be rea l ized by the addi t ion o f  a s t ruc tu ra l  

arm berthed to  the Power System +Z por t  as shown i n  phantom on Figure 5.2.4-1 

which also describes the capab i l i t ies  o f  the un i t .  

U t i l i z a t i o n  of the Power System +Z por. f o r  an operating payload element removes 

the F i r s t  Order Flatforms capab i l i t y  o f  providing parking f a c i l i t i e s  t o  enhance 
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/ 
ROTATION 
MECMANrn 

Figure 5.2.4-1 First-Order Platform 

payload exchange. 

t o  accompl i s h  on-orbi t payl oad exchange w i th  minimum impact on Orbi ter  operations. 

One r l t e rna t i ve  i s  the addi t ion of a Power System mounted mini-RE. This manipu- 

l a t o r  would accept a s ingle payload from the Orbi ter  RMS and translate t o  a 

holding posit ion. This would enable the Orb i ter  RMS t o  proceed w i th  payload 

exchangc. The second method would be t o  reserve space i n  the cargo bay as 

A cursory invest igat ion i den t i f i ed  two possible a1 ternatives 

required t o  s~ t < sfy payl oad exchange. 

Additicndl stitdy w i l l  be necessary t o  evaluate the complex problem o f  on-orbit  

payload exchange i n  terms o f  equipment requirements, complexity cost, Orbi ter  

stag-time, and impact on overal l  program cost. 

5.2.5 Basic Second Order Platform 

Our f ina l i zed  concept f o r  the Second Order Platform (the only concept addressed 

i n i t i a l l y  i n  the study) i s  shown i n  Figure 5.2.5-1 and Figures 5.2.5-2a, and b 
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Figure 5.2.5-1 Basic 2nd Order P la t fo rm 

SUOSYSTEM CAPABILITY 
0 POWER 6 KW PER PORT ON 

C?O;y\Rlc (AUG) 
0 25 KW OX PS PORTS AND TRAIL 

ARU iNJTERFACE 
30 VDC AND 120 VOC 

THERMAL CONTROL 
;?-!ERMAL RZJECTION - 
EOUAL TO WWER 
AVAILABLE 

Figure 5.2.5-2a Second Order Platform 
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Radiator Installation 

Figure 5.2.5-2b Basic Second Order Platform Elements 

Power System 
Machine lsogrid Side Panel 
with Access Doors (2 Plcs) 

Power Inverters 
Communication and Data Mg 
Instrumentation 
Thermal Control InStl 

Radiator Pump Pkg 
Equipment Thermal Contr 
Heat Exchangers frail Arm Attachment 

chined lsogrid Bottom Panel 
Interface Machined lsogrid Bulkhead (2 Plcs) 

Figure 5.2.5-3 Platform Support Module Assembly 
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representing a s ign i f i can t  extension o f  the 13.4 m standoff and support module 

assembly wi th two 9.75 m long cross-arms (see Figure 5.2.5-3). The support 

module assembly incorporates a 1.42 m x 1.52 m x 3.0 m long subsystem section 

which i s  s ized t o  accomnodate the subsystem components required t o  support 

p lat form experiments. These components are mounted on a central  coldplate wi th 

access doors providing access f o r  on-orb1 t serv i  c i  ng and rep1 acement. 

The ( Y )  axis ro ta t ion  mechanisms are mounted t o  the isogr id  core section. These 

mechanisms provide t180" ro ta t ion  for the cross-arm i n  addi t ion t o  f te 90" gimbal 

for  cross-arm ,towage during launch. The core section also incorporates 

berthing ports for Orbi ter  berthing and f o r  the t r a i l  arm ins ta l la t ion .  The 

Orbi ter  p o r t  i s  passive and the t r a i l  arm p o r t  i s  active. 

The SASP in ter face w i r ing  and plumbing f r o m  the Power System t o  the appropriate 

connectors and umbil icals are routed along the tubular standoff structure. 

This structure also provides mounting provisions for the platform central ized 

thermal control  radiator. The rad iator  i s  a series of panels mounted on the 

four sides o f  the structure. The standoff assures adequate clearance between 

the Power System solar arrays and platform mounted payloads. The support module 

also incorporates the SASP/Orbi t e r  interface berthing mechanism and an act ive 

interface system on the ( + X )  axis t o  accept a t r a i l  arm i n s t a l l a t i o n .  

The Basic Second Order SASP provides eight berthing por t  accomnodations 

m i t t i n g  custom point ing on each arm. The custom point ing features permit 

mu1 t iv iewing simultaneously w i th  minimum obscuration, The cross-arm assemblies 

are a hybrid fixed/deployable truss structure using 2.5/8" OD x 1/8" wal l  

thickness graphi te/epor.y tubes. The fixed section extends 9.75 m from center 

l i ne .  The configuration also permits a l l  payloads t o  view i n  the same 

direct ion.  The berthing boom (mounted underside of standoff) concept was 

per- 
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developed l a t e  i n  the study and a quick look concept was presented. This 

concept i s  a telescopic tubular truss which i s  a permanent par t  o f  the SASP 

and stowed whenever the Orbi ter  i s  not docked. 

be accomplished t o  determine other means of servicing the SASP dnd Power System 

without redocking. Capabi l i t ies are incorporated for the addi t ion o f  extension 

k i t s  which would support up t o  fourteen payloads, as defined i n  the next 

Further trade study should 

paragraph. 

5.2.6 Extended Second Order P1 a tform 

A modular growth platform capabi l i ty  i s  incorporated by extension o f  both 

crossarms and the af ldit ion of a t r a i l  arm section. The deployable section i s  

a te le fo ld  design (see Figure 5.2.6-1) described i n  de ta i l  e a r l i e r  i n  Section 4. 

F i  gure 5.2.6-1 Telefol d Deployable Truss 
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Each arm incorporates two berthing stat ions. The inner s ta t ion  incorporates 

two act ive payload berthing systems. 

payload por t  and one passive Orb i ter  berthing port.  The Orbi ter  por t  i s  a 

temporary por t  used f o r  payload exchange and incorporates 1 inii ted services. 

The resul t ing configuration shown i n  Figure 5.2.6-2 thlough Figure 5.2.5-4 

has the capabi l i ty  t o  carry a t o t a l  o f  fourteen payloads. 

out l ines the system capabi l i ty  obtained w i th  the addi t ion of the extension 

k i t s .  The extension k i t s ,  consist o f  one +Y cross-arm extension, one -Y 

cross-arm extension, and one t r a i l  arm extension k i t .  The cross-arm payload 

accommodations are increased 1002 wi th  the addi t ion o f  two 13.511 larcje 

structural  extensions. These extensions are a t e l e f o l d  design selected t o  

minimize cargo bay usage. 

structural  design of equal length could be incorporated. Earth resources 

experiments requi r ing 360" ro ta t ion  can be accomnodated on the t r a i l  a r m  

extension. The t r a i l  arm extension incorporates a therrrxii control system 

thus el iminat ing the requirement t o  accomodate f l u i d  through the 360" 

ro tary  j o i n t .  The t r a i l  arm extension also incorporates an act ive berthing 

system 0 1 ;  the ( + X )  axis t o  accept the f i r s t  order payload s t ructura l  adapter. 

Two payloads can be accommodated on the t r a i l  arm extension making a t o t a l  o f  

13 payloads accomnodated by the Extended Second Order Platform wi th  one parking 

port  remaining for payload changeout. Figures V and W are configuration and 

Shutt le interface layouts for  t h i s  second order extended u s e .  

The outer s ta t ion  provides one act ive 

Figure 5.2.6-5 

I f  cargo bay accommodations warrant, a f ixed 

5.2.7 Double Sol id  T r a i l  A r m  Configuration 

If mission plans ind iccte the need f o r  supplemental t r a i l  a m  capab i l i t ies  

f o r  (1) addit ional payloads, o r  ( 2 )  greater separation f r o m  the cl*oss-arms, 

an addit ional t r a i l  a rm k i t  could be added as shown i n  Figure 5.2.7-1. 



Figure 5.2.6-2 Ex+ended 2nd Order Platform 

Figure 5.2.6-3 Full Capacity 2nJ Order Platform 
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A 

f 180' 

Figure 5.2.7-1 Platform "Tee" Configuration 

5.2.8 Triple Telefold Trail Ann 

For single-view dedicated missions, earth for example, and where very large 

mu1 t iple payloads desire uni-viewing, the triple telefold configuratlon shown 

in Figure 5.2.8-1 may be employed. 

5.2.9 Layout Drawings 

Drawings for the Second Order Platform (basic without f i r s t  order mini-arm) 

are shown in Figures 5.2.9-1 and 5.2.9-2. 
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Joint 
2 reo") 

(Bottom) 

Figure 5.2.8-1 Platform Trail-Arm Configuration 
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5.3 MECHANISMS 

5.3.1 In t roduct i  on 

Tne Second Order Platform mechanisms were studied exclusively u n t i l  J i rec t i on  

was given a t  midterm t o  develop a f i r s t  order concept. For c l a r i t y ,  however, 

the f i r s t  order mechanical aspects are given f i r s t  i n  t h i s  section. 

5.3.2 1s t  Order Platform Payload Berthing Structure and Mechanism 

The 1 s t  Order ncept has three ident ica l  s t ruc tu ra l  configuration arms 

except f o k t h e  rotat ional  indexing features. The +X and -Y rotates CW and 

the +Y arm rotates CCW looking outboard from the Power System. Four concepts 

were evaluated i n  Task 4 and Concept "4" with automatic control  o f  four  posi t ions 

was selected because i t  w i l l  al low the maximum viewing capabi l i ty .  

Figare 5.3.2-1 i l l u s t r a t e s  the mechanism necessary t o  provide payload mul t i -  

viewing capabi l i ty .  The fo ld ing  featurz i s  actuated by an electromechanical 

two-posi t i o n  ro ta ry  actuator. The ro ta t i ng  features are actuated by an e lect ro-  

mechanical three-posi t i o n  ro ta ry  actuator. Solenoid 1 atches are provided 

m i n t a i a i n g  the act ive berthing por t  i n  the stowed posit ion. E lec t r i ca l  

cablings are f lexed across hinges and ro ta t i ng  j o i n t s  without s l i p  r ings. 

The coolant l i nes  are f lexed across the folding j o i n t s  as.! u t i l i z e s  swivel 

across the tl80" ro ta t i ng  j o i n t .  

the ro ta t i ng  j o i n t s  i n  l i r e  w i th  the main longeron t o  minimize the eccentr ic 

load path. 

Longitudinal loads are t ransferred across 

5 . 3 . 3  Second Order Platform Payload Berthing Structure and Mechanism 

5.3.3.1 Second Order P l a t f o r m  Requirements 

The basic requirements for  the platform arms are t o  provide a stable berthing 

plat form which w i l l  provide service$ such as rr.tation, e lec t r i ca l  power, data, 

therm1 control , cryogen, and multipayload berthing capabi l i ty .  i t  shal l  a lso 

provide locati..*ls for  packaging of  the electronics and thermal coi l t ro l  systems. 
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Multiviewing Capability 
Coolant Line Swhteled Acmss am0 Rotatlng Joint 
PAM Type Actuator for Rotating and Folding Joint 
Electrical Senices Flexed Across Mooing Joints 
Configuration Identical for Three Arms on First Order 
Except for Direction of Rotation 

Figure 5.3.2-1 First-Order Platform Payload Be: th ing 
Structure and Mechanism 

The SASP shal l  be designed t o  maintain the thermal distort ions,  f ree play 

and other disturbances generated by the general housekeeping systems t o  a 

minimum. The goal was t o  maintain the point ing accuracy t o  2" and the 

point ing s t a b i l i t y  6 arc min. 

5.3.3.2 Second Order Concept Design 

The i n i  t i a1 design concept e f f o r t s  addressed candidate depl oyabl e arm 

structures of the types shown i n  Figure 5.3.3-1. A prel iminary estimate o f  

the various parameters was studied. 

The various types were reviewed based 3n the concept select ion c r i t e r i a  

developed i n  the study. Each of the concepts was reviewed f o r  t h e i r  features. 

A key requirement i s  the a b i l i t y  t o  comnact the structure f o r  maximum volume 

u t i l i z a t i o n .  I t  i s  a1 ?portant t o  consider the maximum r e l i a b i l i t y  and 

minimum buildup t im and checkout. 
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Figure 5.3.3-1 MOAC Structural  Buildup Concepts Plus 
MSFC's = Broad Star t ing Base 

The basic concepts reviewed b 2 r e  expandable, fixed, telescopic, and folding. 

The comparative prospects of compaction ra t ios  and the Orb i ter  volume u t i l i -  

zat ion were studied. 

Figure 5.3.3-2 i l l us t ra tes  an expandable arm option w i th  a compaction r a t i o  

o f  approximately 6:l. This concept i s  w t e d  as the sector d r ive  zxpandable. 

It can also be b u i l t  t o  a larger section and assembled i n  orb i t .  

As the study proceeded, many other SASP configurations were reviewed, f o r  

example, Figure 5.3.3-3 which i l l u s t r a t e s  a concept tha t  u t i l i z e s  the te le fo ld  

expandable structure requir ing assembly of major sections i n  orb i t .  The 

stowed configuration o f  t h i s  truss i s  shown i n  Figure 5.3.3-4 which shows 

the high cor,\paction r a t i o  of t h i s  cobtcept. 
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Figure 5.3.3-2 Platform Arm - Expandable Option 

Figure 5.3.3-3 SASP Deployed Geometry 
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Figure 5.3.3-4a SASP Stowed Geometry 

MLICI.ICIQUI* 

m- I----- ----'Y i 
cull-. 

Figure 5 . 3 . 3 4  Folding Truss Retracted Geometry 

The copfiguration f o r  each o f  the cross-arms i s  ident ica l  t o  tha t  f o r  the 

center arm except f o r  the el iminat ion o f  two bays of deployable truss which 

are located between the Power System and the center arm. This launch con- 

f igurat ion f o r  the power p la t form uses less than 1/3 the length of the cargo 

bay, leaving 2/3 of the bay ava4lable for payloads f o r  inclusion on the 

i n i t i a l  platform launch. 
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The gussets 

views. The 

center a m  

which backup the m t a r y  j o i n t  frame are shown i n  the end and side 

latch/trunnion arrangement f o r  berthing the c ross -am on the 

s ident ica l  t o  tha t  proposed by MDAC for  berthing payloads t o  the 

Platform. 

Figures 5 3.3-5, 6, 7, and 8 i l l u s t r a t e  the deta i ls  of t h i s  folding t russ 

concept. 

eccentric ty. The graphite epoxy longerons fold between frames l i k e  the legs 

o f  a card tab le and the shear members are telescoping. Deployment i s  achieved 

through four crank a r m  located on the longeron p ivot  axis a t  one end. Each 

crank arm i s  connected v ia  a 3/32 diameter cable and a s ingle pul ley t o  a 

center drum which drives the four crank arms synchronously. A second 3/32 

cable which passes f r o m  a f lexure la tch  opposite the central hinge on each 

longcron over tbree pulleys t o  the same center drum, i s  used f o r  unlatching 

and ret ract ion of the truss so that  both deployment and ret ract ion and 

acco Ipl;shed with a s ingle motor driven screw jack actuator which can also 

be manually driven i n  an EVA backup mode. Retraction i s  i n i t i a t e d  v ia  cable 

tension on a l i n k  opposite the s t r u t  side which has the pivot .  

The truss concept was careful ly layed out t o  el iminate any 

Figure 5.3.3-5 Fol d i  ng Truss Depl oyable GeGmetry 
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Y 9ure 5.3.3-6 Deployable Truss 

Fisure 5.3.3-7 Foldable Truss 

Figure 5.3.3-8. Berthing Ports Assembly TYP Three Places 
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5.3.3.3 Swinging Cross-arm Concept 

Figure 5.3.3-9 shows the i n i t i a l  concept o f  the swinging cross-arm concept 

and i t s  re la ted service options. The swing arm concept shown has many 

advantages, some of which are: 

bui ldup t ime,  (3)  no EVA, and (4) t o t a l  auto deployment. The arms are folded 

during launch and restrained by in tegra l  support structures. A ro ta t i ng  j o i n t  

i s  u t i l i z e d  t o  al low 360" ro ta t i on  of the arm f o r  po int ing and ease o f  

access ib i l i t y  during loading and unloading and maintenance. The actuat ion 

mechanism w i l l  be designed for quick changeout i n  case o f  fa i lu re .  

(1) complete checkout on the ground, (2) minimal 

Figure 5.3.3-9 Detai l  of Folding Platform A r m  

Each arm has mul t ip le  p a l l e t  berthing ports and i s  spaced f o r  ease o f  

replacement and for minimizing viewing obscuration o f  adjacent pa l le ts .  The 

berthing ports w i l l  be designed t o  preclude binding due t o  thermal d is to r t ion .  

This arm shows a special case where cryogen i s  berthed t o  support cer ta in  

experiments. A conceptual sketch o f  the l a t e s t  fo ld ing j o i n t  i s  shown i n  

Figure 5.3.3-10. 
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Swiveled Across 
Rotating Joint 

Figure 5.3.3-10 Second-Order P1 a t f o m  Arm Fol ding 
Jo in t  Mechanism 

The platform cross arms were designed with a folding j o i n t  t o  f a c i l i t a t e  

compaction f o r  launch and arm ro ta t i on  f o r  servicing. The ro ta t i on  feature 

on the arm i s  t o  allow payloads without a po int ing system t o  increase i t s  

viewing capabil i ty; i t  may also a i d  an instrument po in t ing  payload t o  increase 

i t s  f ield-of-view capabi l i ty .  The mechanisms u t i l i z e d  t o  d r ive  the  fo ld ing  

and ro ta t iona l  j o i n t s  are space-qual i f ied type actuators. The r o l l e r s  a t  

the ro ta t i ng  j o i n t  

The shear loads a rL  transmitted across the  ro ta t iona l  mechanism i n  the  center. 

All power and data are flexed across a l l  the moving j o i n t s  except the  coolant 

l i n e  across the - +180" j o i n t  which i s  transferred by means o f  a swivel j o i n t .  

carry the longi tud ina l  loads across the  ro ta t i ng  j o i n t .  

5.3.3.4 

Various 

Concept 

t i o n  of 

Extendable Arms 

studies were conducted on the growth options on the 2nd Order Extended 

which were shown ea r l i e r .  Figure 5.3.3-11 shows the general construc- 

the deployable cross arm extension i n  i t s  deployed and ret racted posit ion. 
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Figure 5.3.3-11 Left and Right A r m  Extension 
(Extended Second-Order Platform) 

This arm i s  a means o f  providing addi t ional  capabi l i ty  for  payloads as the 

program expands. 

and the truss i s  expandable. 

This arm requires assembly i n  o r b i t  w i th  the RIU. 

has a passive berthing por t  which also houses the umbil icals. 

be f u l l y  checked out on the ground. 

This a m  has two act ive berthing por ts  f o r  payload mounting 

The compaction r a t i o  i s  approximately 10 t o  1. 

One end o f  the arm 

This arm can 

The other feature i s  t h a t  the arm may be 

retracted when not  i n  use. 

The t r a i l  a m  growth opt ion fop the Second Order Extended Concept provides 

addit ional viewing cape5 i l i t y  (see Figure 5.3.3-12). The t r a i l  arm provides 360" 

rotat ional  capab i l i t y  vecessary for cer ta in  experiments. This section o f  s t ructure 

provides locat ion f o r  mounting o f  the radiator.  

no coolant t o  be transferred across the ro ta ry  j o i n t .  Two act ive berthing 

ports are provided f o r  the payload interface. A passive p o r t  i s  u t i l i z e d  

t o  in ter face w i th  the Support Module on the SASP. Power and data are 

transmitted across the 360" j o i n t  by mebns of r o l l  rincjs. 

s t ructura l  configuratio8 i s  i d e r t i c a l  t o  the extension s t ructure betwe!. the 

Power System and the Support Module on the SASP, except for the berthing ports. 

This design w i l l  require 

The basic 
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Figure 5.3.3-12 T r a i l  A r m  Fixed Truss With 
360-Deg 9otary J o i n t  

5.3.3.5 Orb i ter  t o  SASP Berthing 

Figure 5.3.3-13a shows the Orb i te r  berthing un i t s  required f o r  t he  1s t  and 

2nd Order Platforms if the s ing le  regular RMS i s  used. Figure 5.3.3-13b shows 

the requ is i te  features of the 2nd Order Platform telesloping boom and two 

design options recomnended f o r  the f o l  

concept was the prel iminary concept t o  

the SASP w i th  the Orb i ter  l i m i t e d  t o  a 

study of the servicing sequence indica 

ow-on study. The i n i t i a l  design 

s a t i s f y  the requirement of serv ic ing 

s ing le berthinglrendetvous. Further 

ed tha t  the boom had t o  telescope f o r  

enough t o  reach the Power System propulsion replacement whi le  being berthed 

t o  the Support Module on the SASP. The stiffness requirement could not  be 

met w i th  the i n i t i a l  concept. The telescoping boom i s  a permanent pa r t  o f  

the SASP and i s  stowed under the extension during launch. I t provides a l l  

o f  the necessary ro ta t iona l  features t o  s a t i s f y  a l l  o f  the  serv ic ing 

requirements of the SASP and Power System. The passive Orb i te r  . zrface i s  

iden t ica l  t o  a l l  of the passive ports on the SASP, pa l l e t s  and Power S,stem. 

This system should be pursued further when a l l  the d i f f e r e n t  payload f l i g h t  

scenarios are determined. 
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ALTERNATE - 
ACTIVE HALF-6ERTHINQ 
LATCH INTERFACE 

ACLCIIVE HALF- 
m R  SVSTEW 

ROTARV x ) W l  

PASSIVE HALF * 
BERTHINO LATCH INTERFACE 

PASSIVE HALF- 
MRTHING LATCH 

IF ANOTHER RmS IS MOUNTED 
ON THE AFT RIGHT OF THE 

SHUTTLE LAUNCH 

OABITEA BERTHING SYSTEM EXTEND 

Figure 5.3.3-13a SASP Berthing System 

F i  pure 5.3.3-1 3b Telescoping Boom f o r  Orbi t e r  
Berthing and Loading Aid 
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5.3.4 Mechanism Sumnary (1st  and 2nd Order Platform) 

The basic function, type, quantity, and features of the platform mechanisms 

are zhown i n  Table 5.3.4-1.  The goal was t o  u t i l i z e  the same o r  s im i la r  

components where possible t o  maintain low development and tes t ing  costs. 

F l i gh t  proven and qua l i f ied  components from other space programs were 

considered. It ma:’ be necessary t o  modify cer ta in  features o f  the ex is t ing 

hardware t o  mesc certaln requirements. The type o f  Components selected was 

great ly influenced by the a v a i l a b i l i t y  o f  e lec t r i ca l  power, weignt, and 

r e l i a b i l i t y  of e lec t r i ca l  mechanical components. 
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Table 5.3.4-1 F i r s t  and Second Order Platform Mechanism Summary 
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5.4 STRUCTURES AND HATERIALS ANALYSIS 
The following work was accomplished i n  t h i s  task. 

0 Winimum structural  frequency established as .1 Hz from overal l  

a t t i  tudc control considerations. 

o Preliminary investigation indicates point ing system may impose a 

structural  requirement on SASP; fur ther  study required. 

0 Structural temperature and temperature gradient extremes predicted for; 

- graphi te/epoxy cross-arm ( i n e r t i a l  orientation). 

- insulated a1 uminum cross-arm ( ine f t ia l  orientation). 

- graphi telepoxy t r a i l  arm (earth orientation). 

- stand-off structure radiator panels ( i n e r t i a l  orientation). 

9 Potential appl icat ion of insulated aluminum structure t n  selected 

areas indicated; further study required. 

0 Structural dynamics model established: 

- frequencies and mode shapes determined. 

- mininiumstructural frequency o f  .1 Hz i s  sat isf ied.  

- frequency and m m s l e n t  response analyses conducted; benefits o f  

enhanced structural  damping indicated. 

The following conclusions were developed I n  t h i s  task. 

The minimum structural frequency requirement 1s .1 Hz f r om overal l  a t t i tude 

and control considerations. 

There i s  some reason t o  believe that the experiment point ing systems may 

iapqse a requirement 011 the structure. This issue, which i s  beyond the 

scope o f  t h i s  study, needs t o  be studied and resolved i n  a t imely manner. 
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Structure1 temperature predictions for  a graphi te/epoxy structure indicate 

a T max = 163°F. T min - -127°F and longeron t o  longeron AT AW6 HAX = 205°F. 

Temperature predictions for an insulated aluminum cross arm i n  i n e r t i a l  

or ientat ion a t  8 = 52" indicate a AT AWG I W X  - 104°F and i s  essent ia l ly  

constant throughout the orb i t .  This concept should be studied fur ther  

as an al ternat ive to  graphite/epoxy f o r  the cross-arm structure. 

Structural d i s to r t i on  temperature gradients o f  the stand-off structure 

surrounded by radiator panels should be less than 138°F. An insulated 

aluminum stand-off truss along wi th  an uninsulated aluminum stand-off 

truss that considers the addit ion o f  sensors t o  the Support Module as a 

new at t i tude reference point should be evaluated. 

A NASTRAN structural dynamics model o f  the 2nd Order ExtendedSASP indicates 

the minimum structural frequency of .1 Hz i s  sat isf ied.  

Frequency and transient response analyses indicate that  implementing methods 

of enhanced structural damping can be o f  s ign i f icant  benefi t  t o  SASP. 
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5.4.1 -Mnimum Structural Frequency Required f o r  Overall a t t i t ude  Control 

Referring t o  Figure 4.2.8-1 under trade studies o f  the controls section, i t  

can be seen that the maximum frequency of the control region frequency band Is 

.01 Hz. Using the ru le  of thumb factor of 10 separation between the maximum 

control frequency and the minimum structural  frequency, the minimum structural  

frequency requirement becomes .1 Hz as noted on the figure. 

5.4.2 Potential Requirement Imposed on SASP by Pointing Systems 

The minimum structural  frequency requirement of f+l Hz established i n  Sub- 

section 4.2.8 i s  based upon overal l  a l t i t ude  control considerations. 

possible that  the point ing system 1 ine-of-sight (LOS) s t a b i l i t y  requirements 

w i l l  impose a requirement on the structure. Additional analysis, beyond the 

scope of  t h i s  study, w i l l  be required t o  determine the significance o f  t h i s  

potential requirement. Preliminary discussions with Spacelab integrat ion 

systems engi news indicate the Space1 ab pal 1 e t  and Orb1 t e r  support structure 

has a minimum structural  frequency fl = 4 Hz. Hence, i t  would seem reasonable 

t o  conclude that a 4 Hz structure would be a fundamental frequency upper l i m i t  

requirement i n  order t o  provide minimum impact t o  the point ing systems now 

being developed. Recognizing that loading disturbance inputs and structural  

response on Spacelab are probably qui te dif ferent and could be more severe 

than on SASP, i t  i s  very possible that  structural  frequencies less than 4 Hz 

w i  11 be acceptable. 

It i s  

I t  was considered of in terest  t o  determine what impact a 4 Hz structure would 

have on SASP. 

4 Hz 54 i n  x 54 i n  by 384 long graphite/epov canti lever arm. Geometries 

are shown for a truss structure and nmocoque box structure. 

Figure 5.4.2-1 shows the structural  geometry required for a 

I t  can be seen 
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.54 InbyS41 ovrn c l o s o ~ t l o n ~ m l o p r  
J - 1.9 x 10 $ 3  b w  In. 
Weight = 13,230 Ib 
GraphlMEpoxy 

Truss structure 

Ab = 9 sq In. -4 - 9 oq In. Mln. 

Monocoque Box Structure 

0.415 In. 

View A 4  

Module 
Contiguntion IIA-8 

Weight = 4600 IWarm . 

SIin 
View A-A 

0 Llghtsr than Truss 
0 Weight = 2100IWarm 

Figure 5.4.2-1 -4 H t  Canti lever Am Structure 

that  the monocoque box structure i s  l i g h t e r  than the trws f o r  t h i s  case. 

Addit ional ly, the 4 Hz monocoque box i s  substant ia l ly  heavier than the .1 Hz 

t russ structure, but  i s  s t i l l  v iable as a deployable fo ld ing  arm SASP 

structure . 
In  sumnary, i t  i s  concluded tha t  a f = .1 Hz structure:  

(a) sa t i s f i es  overa l l  a t t i  tude control  requirements. 

(b)  can be provided wi th  low structures technology. 

( c )  requires addi t ional  analysis, beyond scope of t h i s  study t o  determire 

po int ing system LOS s t a b i l i t y  er ror .  

f = 4 Hz structure: 

(a )  represents an upper l i m i t  on fundamental frequency requirement. 

(b )  i s  heavier but s t i l l  viable. 

( c )  minimizes control development. 

(d) places inordinate burden on structure. 
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For the purpose of t h i s  study, a .1 Hz w i l l  be considered the minimum 

frequency requirement u n t i l  addit ional analysis, which i s  beyond the scope 

o f  t h i s  study, i s  conducted to  understand the potent ia l  requirement that  

the polnt ing systems may impose on SAW. 

5.4.3 Structural Temperature Predictions 

The predicted structural  o r b i t a l  temperature h is tory  for the SASP graphite/epoxy 

cross arm longerons i s  shown on Cigure 5.4.3-1. The predictions are based 

upon an i n e r t i a l  orientation. The angle \ i s  considered t o  remain constant 

for a given revolution. 

Fi gure 5.4 3-1 Graphite/Epoxy 
History ( Iner t  

Cross Am Structural Orb1 t a l  Temperature 
i a l ,  Orientation, Al t i tude = 435 km) 
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For the B= 0" case, the maximum longeron t o  longeron AT,, = T(1),(2)AVG-(T)(3), 

(4) AV6 1s predicted t o  be 190'F. The maximum temperature excursion f o r  

ImQmon (1)ranges from T,, - 163°F t o  Tmin = -99°F. The minimum longeron 

teTrcrsture o f  any longeron i s  -126°F f o r  longeron (4). 

For the (3- 52O case, the maximum longeron t o  longeron ATmx = T(1),(2)AVG-T(3), 

(4) PVG i s  predicted t o  be 205°F. The maximum temperature excurslon f o r  

longeron (1) ranges from Tmx - 153°F t o  Tiin = -78°F. The minimum longeron 

temperature f o r  any longeron i s  -121°F f o r  longeron (4). 

It was considered o f  in te res t  t o  predict  the structural  o rb i ta l  temperature 

h is tory  f o r  a SASP cross a m  truss structure consist ing o f  aluminum s t ru ts  

wrapped with k 1 .  The resul ts  are shown on Figure 5.4.3-2 f o r  an i n e r t i a l  

orientat ion. Temperatures fw t h i s  case can be compared d i rec t l y  t o  those 

predicted previously for a graphi te/epoxy structure f o r  13 = 52". 

It can be seen that the maximum longeron t o  longeron 

i s  essent ia l ly  constant throughout the orb i t .  This indlcates that  t h i s  concept 

po ten t ia l l y  offers an a1 ternat ive t o  graphi te/epoxy for the fixed truss structure 

since, although the structural  gradient i s  re la t i ve l y  large, i t  i s  essent ia l ly  

constant. 

compensated for by the overal l  a t t i  tude control system. Thermal 'iy induced 

dynamic response would be negl ig ib le.  This approach however, could place some 

res t r i c t ions  on the simultaneous viewing of payloads without point ing system 

since the a t t i tude  compensation could only be dcL,?plished f o r  one payload a t  

a t inre.  Application of t h i s  concept needs further evaluation wi th  respect t o  

manufacturing ins ta l la t ion ,  j o i n t  wrapping and use on a deployable arm. 

TAVG Mc\x i s  104°F and 

For t h i s  case, the quasi-stat ic thermal d is tor t ions could be 
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ALUMINUM STRUT WRAPPED 
WITH FIVE LAYERSOF MLI 

VIEW 8-9 - CROSSARM ORlENTAflON AND 
DETAILS /ENLARGED) 

Figure 5.4.3-2 Insulated Aluminum Cross Arm Structural Orb i ta l  Temperature 
History ( Ine r t i a l  Orientation, A l t i tude  = 435 km) 

The predicted structural  o rb i ta l  temperature h is to ry  f o r  the SASP graphi te/epow 

t r a i l  arm longerons i s  shown on Figure 5.4;3-3. The predict ions are based 

upon an earth or ientat ion Z-LV, Y-POP, X-VV for  pangles o f  2.5" and 30". 

For the @ =  2.5' solution, the temperature excursion o f  longerons (1) and (4) 

ranges from Tmx = 142°F t o  Tmin = -127°F. The AT between longerons (l), (4) 

and (2) ,  (3) varies t o  maximum extremes of +43"F. - 

For the 8= 30' solution, the temperature excursion of longerons (1) and (4) 

ranges from Tmax = 163°F t o  T 

and ( 2 ) ,  (3)  varies from a maximum posi t ive value of 37°F t o  an average 

maximum negative value c c  -50°F. 

0 -115OF. The AT between longerons ( l ) ,  \I) 
m i  n 
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Figure 5.4.3-3 Graphi te/Epoxy Trai  1 Arm Structural  Orb i ta l  Temperature 
History (Earth Orientat ion) 

These data are considered t o  be representative of the s t ruc tu ra l  temperatures 

f o r  low Bangles with the exception of the range 8 ~ 2 . 5 " .  As 0 approaches 

zero, longerons ( 2 ) ,  (3) shadow longerons (l), (4) wi th  f u l l  shadowitlg occurring 

a t  B=O.  For t h i s  case the longeron t o  longeron AT'S w i l l  be somewhat 

greater than show. 

Temperatures were also predicted f o r  the rad iator  panels tha t  surround the 

stand-off arm i n  order t o  define the local  temperature environment o f  the 

stand-off arm structure and assess the s t ructura l  thermal gradient potent ia l  

The resul ts  of t h i s  analysis are shown on Figure 5.4.3-4. The analysis 

considers the flow pattern shown f o r  panels 3 and 4 wi th  the control  temperature 

being maintained a t  6 O O F .  
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4 
guu 

CI- 

Figure 5.4.3-4 Stand-off A r m  Radiator Panel Temperature 
Environment ( I n e r t i a l  Orientation) 

It i s  seen tha t  the resul ts  vary w i th  platform power level .  The maximum 

radiator panel temperature of 110°F and minimum thermzl gradient (148OF) occur 

a t  maximum power leve l  (maximum flow rate)  whereas the minimum peak temperature 

(7C"F) and maximum thermal gradient (275°F) occur f o r  minimum platform power 

levels. For a 5 kW power level ,  the lowest radiator panel temperature i s  

-205°F. 

The st ructura l  temperature gradients tha t  contr ibute t o  p l  s t f o m  thermal dis- 

t o r t i on  w i l l  be more nearly proportional t o  h a l f  the maximum radiator temperature 

gradient. Hence, the maximum structural  temperature gradient w i l l  be less 

than 138°F and the thermal gradient ra te  w i l l  be less than for structure 

d i rec t l y  exposed t o  the sun. 
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5.4.4 Structural  Dynamics Analysis 

Figure 5.4.4-1 shows the NASTRAN structural model developed for the SASP 2nd 

Order Extended Configuration. The arm properties a r e  based upon the truss 

module 16-B configuration. One s o l a r  and three celestial viewing pa!#lcads 
were selected a s  a representative mix of  experiment mass and poi * t  : ng rt . a % -  

ments. Pa l l e t  and s t ruc tura l  mass properties were i n p u t  a t  Mods 4, 5 ,  6, 7, 

and 8 while experiment mass properties were i n p u t  a t  10, 11, 12, and ? ? .  

Power Module mass was input  a t  Mode 2 and rad ia tor  mass a t  tbde 105. Stand-off 

and cross ann element lengths a re  noted. The model consis ts  of 23 gr id  points 

and 57 degrees of freedom. Solar array mast modes a re  included but  blanket 

modes a re  not. 

4m x am Acc.1 mrcsmc 

Stab. 6 NCSOC ips 
IPS 

9600 WC= Stab.1 8?CS@C 

Sm 

Figure  5.4.4-1 SASP NASTRAN Structural  Dynamics Model 
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A p l o t  o f  mode number vs frequency i s  shown as Figure 5.4.4-2 and provides an 

indication o f  the grouping and density o f  resonances. The slope of t h i s  p l o t  

indicates the frequency range over which the f i n i t e  nunber o f  degrees o f  freedom 

i n  the model provide a reasonable approximation t o  the "real world". The 

r e a l i t y  o f  the model begins to  break down where the slope o f  the p l o t  begins t o  

decrease. This e f fec t  i s  due, o f  course, t o  the f i n i t e  number o f  parts used 

t o  represent a continuous structure. These higher order modes, however, must 

s t i l l  be carr ied i n  any solut ion wi th  substantial damping 39 order t o  achieve 

proper convergence (mathematically). Based on t h i s  slope change, the model i s  

considered useful t o  3 Hz. There are 22 modes below 1 Hz. As can be seen, the 

minimum frequency of the model i s  greater than .1 tiz which sat is f ies the minimum 

frequency requi rement . 

nr 

so 

P 'O- i 3 0 -  

20 

- 

- 

0 No Resonances Below .lHr 

lo -8 c I I 

Good Continuum -+ Model Limited Range 
Approximation Range 

Figure 5.4.4-2 SASP Modal Density 
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Two selected frequencies and mode shapes are shown on Figure 5.4.4-3. The 

f i r s t  s i x  modes are r i g i d  body modes. Mode 7 (.117 liz) shws s ign i f i can t  

movement o f  the so lar  array mast w i th  ins ign i f i can t  plat form movement. A t  

mode 12 (.211 Hz), plat form movement begins t o  be s ign i f icant .  

- s l ~ o \ s o ~ ~ \  
10s 

62 
-----e- --- 

63 61 65 
RELATED MDAC IRA0 1 Mode ? 

0.146798 HZ 

Mode 12 
0.210867 HZ 

Fist we 5.4.4-3 Selected Frequencies and Node Shapes 

A convenient method o f  implementing enhanced damping i n  a t russ s t ructure 

such as the SASP i s  shown on Figure 5.4.4-4 which was ,' veloped by MDAC under 

a DOD study contract and reported i n  Refzrence 4.8. As can be seen, substantial 

loss factors can be achieved by providir ig a minimal amount of v iscoelast ic 

n a t e r i a l  a t  truss member j o i n t s  without groat sac r i f i ce  i n  s t i f fness.  .This 

concept, if applied t o  the SASP, could prJduce a large increase i n  s t ructura l  

damping a t  v i r t u a l l y  zero weight impact. 
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Figure 5.4.4-4 Viscoelastic Materials Effectiveness of Damping Treatment 
on Strut  Extensional Damping (From Reference (4.8)) 

Figures 5.4.4-5 through 5.4.4-10 show samples of the frequency responses of the 

SASP which were calculated on IRA0 funds. These figures characterize the 

ef fects of damping on the amplitude and phase response from a unit harmonic 

torque a t  nzde 10 applied i n  the ex direction. A t  the dr iv ing point  

(Figure 5.4.4-5) the l i g h t l y  damped structure (n = .001) has several s ign i f i can t  

resonant peaks the largest o f  which could produce a response o f  +2000 p radians 

f r o m  a +34 - n-m t o q u e  a t  0.4 Hz. 

drops the response a t  the dr iv ing point  t o  +20 p radians. The damping also 

smooths out the phase changes vs freqirency. Corresponding reductions i n  

response are achieved a t  the other locat!ons shown. The II = 0.1 may be 

obtained with only a 10% loss i n  structural  stiffness. 

- 
Increasing the structural  damping t o  n = 0.1 

- 
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Figure 5.4.4-5 Response of  Node 10 from a Unit  
8 Torque a t  Node 70 
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Figure 5.4.4-6 $; Response of Node 12 from a Unit GX 
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Torque a t  Node 10 

Figure 5.4.4-6 $; Response o f  Node 12 from a Unit GX 

Torque a t  Node 10 
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PHHSE OF RESFONSE 

Figure 5.4.4-7 Y Response of Node 10 f r o m  a Unit.Bx Toque  a t  Node 10 
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Figure 5.4.4-8 Z Response of Node 10 f r o m  a U n i t e x  Torque a t  Node 10 
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Figure 5.4.4-9 Y Response of Node 12 from a Unit ex Torque a t  Node 10 
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PHRSE OF RESPONSE 

Flgure 5.4.4-10 2 Response of Node 12 f r o m  a Unit+$ forque a t  Node 10 
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Referring t o  Figurns 5.4.4-7 through 5.4.4-10, which show the translat ional  

responses t o  the u n i t  torque a t  node 10, s imi lar  s ign l f i can t  reductions are 

made by increasfng the damping. It i s  worth noting tha t  the u n i t  responses 

i n  the Y and 2 directions d i f f e r  by an order of 10 i n  the r i g i d  body range 

but become equal a t  0.4 Hz. The response amplitude t o  a 234 NM input would 

be t2.3 cm i n  both V and 2 directions. This would be reduced t o  9 . 2 3  mn 

o r  less wi th  the increased damping. 

Enhanced damping is, therefore, an approach t o  dealing w i t h  low frequency 

resonance problems i n  these large structures. Higher values o f  damping 

(Q = 0.2 t o  0.5) than shown do not give substant ia l ly  greater amplitude 

reduction but do further smooth out the phase response o f  the structure. The 

incorporation o f  enhanced damping i n  a design substant ia l ly  reduces the 

structural  amplif ication and simp1 i f i e s  control system f i l t e r  design bectuse 

o f  the phase change smoothing ef fect .  

5.4.5 Important Consideration Needi ng Resol u t i  on 

The most important consideration that  w i l l  influence the structural  design i s  

the potential requirement that  the point ing systems may impose on the SASP 

structure. This issue needs t o  be resolved i n  a timely manner. 

5.4.6 Work Accomplished 

Sti f fness and complexity characterist ics f o r  f i v e  f ixed and two deployable 

truss Structural modules have been determined. A structural  module optimira- 

t i o n  has been completed and the optimum structural  module has been selected 

fo r  the SASP structure. Aluminum, t i tanium and graphite/epov were evaluated 

as candidate structural  materials for SASP and graphite/epov has been 

selected. This evaluation considered the material radiat ion resistance as 

well as CTE s tab i l i t y .  
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The minimum required s t r u c t w a l  frequency has been established as .l Hr from 

overal l  a t t i t ude  control considerations. Preliminary investigations have 

indicated the point ing systems may impose a structural  requirement on SASP. 

Structural temperature and temperature gradient extremes have been predicted 

for a grapni te/epoxy and insulated a1 uminum cross arm ( i n e r t i a l  orientat ion), 

a graphitelepoxy t r a i l  a m  (earth orientat ion) and the stand-off structure 

radiator panels ( i n e r t i a l  orientat ion). A NASTRAN structural  dynamics model 

has been established. Frequencies and mode shapes have been determined 

and frequency and transient response analyses have been conducted tha t  show 

the potential benef i t  o f  implementing enhanced damping on SASP. 

5.4.7 Concl usi ons and Comnents 

From the studies conducted herein, the following conclusions can be drawn. 

1. The IB-B structural  module (54" x 54" x 98") i s  the optimum truss 

configuration for S A W .  

2. Aluminum, t i tanium and graphi te/epoxy were evaluated f o r  the structural  

material and graphi te/epoxy was selected. 

3. The minimum structural  frequency requirement i s  .1 Hz from overal l  

a t t i  tude and control considerations. 

4. There i s  some reason t o  bel ieve tha t  the experiment point ing systems 

may impose a requirement on the structure. This issue, which i s  beyond the 

scope of t h i s  study, needs t o  be studied and resolved i n  a t imely manner. 

5. Structural temperature predictions for a graphi te/epoxy structure 

indicate a T MX = 163°F. T min = -127°F and longeron t o  longeron AT AVG MAX = 205OF. 

6. Temperature predictions for  an insulated a1 uminum cross arm i n  i n e r t i a l  

or ientat ion a t  d = 52" indicate a AT AVG MAX = 104°F and i s  essent ia l ly  

constant throughout the orb i t .  This concept should be studied fur ther  as 

an al ternat ive to  graphite/epoxy for the cross arm structure. 

282 



7. Structural d is to r t ion  temperature gradients o f  the stand-off structure 

surrounded by rad iator  panels should be less than 138'F. An insulated 

aluminum stand-off t russ along w i th  an uninsulated aluminum stand-off 

truss tha t  considers the addi t ion of sensors t o  the support module as a 

new a t t i tude  reference point  should be evaluated. 

8. A NASTRAN structural  dynamics model o f  the 2nd Order Extended SASP 

indicates the minimum structural  frequency o f  .1 Hz i s  sat isf ied.  

9. Frequency and transient response analyses indicate that  implementing 

methods o f  enhanced structural  damping can be o f  s ign i f i can t  benef i t  t o  SASP. 

5.5 ATTITUDE CONTROL SYSTEM DESIGN 

This section describes the ACS design. Trades and analyses thatwere performed 

i n  the der i ta t ion  o f  the design and i n  def in ing i t s  performance are presented 

i n  Section 4.2 . Table 5.5-1 below sumnarizes the d i s t r i bu t i on  o f  ACS 

function between configuration e l  emnts. 

POWER SYSTEM PLATFORM PAYLOADS 

0 Orientat ion 
-2 a t t i tude  er ro r  

0 Tailored Pojnt ing 0 Fine Point ing 
(Rotatable Arms) 

0 S t a b i l i t y  0 Augmented Momentum Du 0 High Accuracy 
Stabi l izat ion 

0 Momentum Dump 
(Set of 4 Torquer Bars 7 
-20 arc min At t i tude 
Error 

(Set o f  4 Torquer Bars) 0 PLD Sensor Feedback 

Table 5.5-1 At t i tude Control System 

The platform a t t i tude  control and or ientat ion w i l l  be provided by the Power 

system ACS. At t i tude o f  the Platform w i l l  be held to  an accuracy o f  2 degrees 

by the Power System. 

a t t i tude  reference o f  the Platform and i t s  elements t o  around 20 arc min. 

Feedback f r o m  payload sensors w i l l  be used t o  re f ine  

S tab i l i t y  i s  expected t o  be approximately 10 arc min. 
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I n  order t o  increase the momentum desaturation capab i l i t y  o f  the Power System 

magnetic torquer bars are added t o  the Platform. Currently the number o f  bars 

added t o  SASP i s  four (sets of 4 bars are reasonable from control standpoint). 

This i s  subject t o  review with the sens i t i v i t y  of pr inc ipa l  axis misalignment 

correctior, w i n g  only 1/4 t o  1/2 degree per set  o f  torquer bars. 

Control o f  experiment point ing i s  provided by the 2180 degree ro ta t ing  arms 

on the Second Order Platform and by the 4-posit ion hinge/mini-arm i n  the F i r s t  

Order Platform. Fine point ing must be provided by the payloads. 

5.6 COMMUNICATIONS AND DATA MANAGEMENT 

5.6.1 Overall Requirements Sumnary 

The SASP communications and data management design i s  driven by two types o f  

requirements. One type includes those requirements imposed by the TDRSS 

interface. These requirements define the comrmnication frequencies, encoding, 

and modulation, data ra te  l im i ts ,  power, sens i t i v i t y ,  and scheduling constraints. 

The second type of requirement includes those defined by the payload data 

interface, such as command rate, sc ien t i f i c  and engineering data rates, t iming 

reference accuracy, and data processing support. Figure 5.6.1-1 shows a set  

o f  " typ i  ca 

o f  payload 

the study. 

and two (E 

I' payload data requirements. Figure 5.6.1-2 shows the d i s t r i bu t i on  

s c i e n t i f i c  data rates for  a set of 62 payloads examined during 

Five o f  the 62 pqyloads have peak data rates i n  excess of 10 Mbps 

r t h  SAR and Ocean SAR) have peak rates o f  120 Mbps. 

Certain payloads require "real-time" data a t  a low ra te  ( t yp i ca l l y  50 Kbps) 

f o r  use i n  in teract ive payload control.  Comnand rates specified i o r  peyloads 

are t yp i ca l l y  2 Kbps o r  less a t  a low duty cycle. A number of payloads 

require video o r  other analog data to  be transmitted to  the ground. Data 

processing support required by payloads varies i n  degree, but, as discussed 
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ear l ie r ,  the trend i s  toward more and more autonomy i n  on-board processing 

capabi 1 i ty. 

Digital Data Rate: <10 MBPS Peak (93% Payloads) 
120 MBPS Worst Case peak Rates 

VideolAndog Data: < 500 kHz Analog 
1 or 2 Channels Slow=Scan tV 
Fast-Scan TV - Some Payloads 

Acceptable Data 
Delay. Some Data ( G O  KBPS) Real Time for 

Interactive Control - Delays of 
1 Orbit to Several Hours OK for Bulk 
of Data 

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

Timing Reference 
Requirement: 105 sec Accuracy 

Figure 5.6.1-1 "Typical I' Pay1 oad Data Characteristics 

100 

90 

10 - 
1 1  

1 o p  103 104 10s 1 0' 10' 10' 1 
Bits per Second 

Figure 5.6.1-2 Percent cf Payloads Faving Data 
Rate X B i ts  per Second - 
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5.6.2 Important Factors and Considerations 

In  addit ion t o  the requirements imposed by the payload and TDRSS interfaces, 

other factors and considerations influenced the communications and data 

rmagement concept design; these included: growth capabi l i ty ,  technology 

ava i lab i l i t y ,  Spacelab payload accomnodation, and integrat ion considerations. 

Growth capabi l i ty  needs to  be incorporated t o  handle potent ia l  increases i n  

payload command and data rates throughout the useful l i f e  o f  the Platform 

and to  handle growth i n  on-board processing requirements. 

The a b i l i t y  t o  accomnodate Spacelab payloads with mini* 

important consideration. On the other haRd, payload de, .$.. md i f i ca t i ons  t o  

accomnodate the longer time i n  o r b i t  offered by SASP and t o  al low automated 

o r  ground control rather than on-board crew control may be such tha t  data 

interface modifications may not be s ign i f icant .  More study i s  required t o  

determine the appropriate response t o  t h i s  consideration. 

;range my be 4;n 

A key factor i n  the concept design has been the desire t o  s i f r lp l i fy  the 

on-orbit  payload t o  SASP integrat ion process. This a c t i v i t y  i s  shown i n  

Figure 5.6.2-1 i n  the content of the overal l  experiment integrat ion flow. O f  

par t icu lar  concern i s  the software integrat ion where software on the SASP 

side o f  the interface must be integrated wi th  software o r  hardware on the 

payload side. Past experience has shown tha t  t h i s  can be a time-consuming 

operation. Some key elements t o  5 successful on-orbit  integrat ion of the 

payloads w i th  SASP are shown i n  Figure 5.6.2-2. Of these elements, payload 

autonomy, interface standardization, and software modularity are o f  par t i cu la r  

importance t o  the data management system design. 

2 86 
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Paybad/Orbiter’, 
Integration * 

I ~~~~~ I At Experimenter‘s Facility 

ysc 

Figure 5.6.2-1 SASP Experiment Integration Process 

0 Payload Autonomy 
Experiment 
Pallet 

Standard Interfaces 
Experiment 
Pallet 

0 Sottwbm Modularity (Central Processor) 
Housekeeping Data 81 Commands 

0 Prelaunch Integration with SASP Simulator 
Hardware Simulator 
Software Simulator 

Figure 5.6.2-2 Approach t o  2rh-Orbi t Psy\oad/Platform Integrat ion 
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3.6.3 ark Accomplished 

Conmnmication and data management concept designs were defined f o r  the F i r s t  

Order and Second Order Platform. The F i r s t  Order Platform concept i s  shown 

i n  Figure 5.6.3-1. This concept essent ia l ly  uses the Reference 25 kU Power 

System comnunication and data management concept with the recomnended 

addition o f  payload data storage capabil i ty, The ra*:fonale fo r  adding the 

data storage i s  discussed i n  Section 4.3 (Task 4).  

on each of the F i r s t  Order Platform arms t o  provide control and monitoring 

capcdi l i ty  f o r  the arms and the associated mechanisms. To accomnodate the 

eventual i ns ta l l a t i on  of the Second O r d e r  Platform on the end po r t  o f  the 

Power System, the sc ien t i f i c  data ra te capabi l i ty  of t ha t  por t  should be 

increzsed to a t  least  220 Mbps. Increase of the Ku band return l i n k  data 

rate and the end por t  data ra te t o  300 blbps should be considered t o  provide 

growth capabi l i ty  up t o  the TDRSS rate l i m i t  if the cost of doing so i s  not 

In addition, RIU's are required 

prohi b i  ti ve. 

The Second Order Platform data management system concept i s  shown 

diagram form i n  Figure 5.6.3-2. As discussed i n  Section 4.3 (Task 

mu1 ti p l  exi sg and recordi ng capabi 1 i ti es are i ncl uded t o  supplement 

n block 

4) 

the 

capabil i ty provided i n  the F i r s t  Order Platform. These increased capab 

are needed t o  accomnodate the larger number and increased complexity o f  

payloads expected on the Second Order Platform. 

l i t  

the 

The data bus from the Power System data processors i s  carr ied through the 

platform and made available t o  the payload ports. Comnands and engineering 

data would be transferred on the data bus. Control and monitoring o f  

p ia t fom subsystems i s  imlemented through RIU's attached t o  t h i s  bus. 

es 

Dedicated microprocessors w i  11 ;'p * * e p  

SASP subsystems where thsr?  i ' ,  ' :ffload the PS computers, 

SAS: t o  provide local control o f  
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Figure 5.6.3-2 Data Management Subsystem - Second Order Platform 

An interface wi th  the Orb i ter  allows the transfer of control  dnd monitor data 

and provides a path for caution and warning signals t o  the Orb i ter  crew. 



The data multiplexer and switching matrix allow high rate payload s c i e n t i f i c  

data to  be multiplexed, recorded, and transferred to  the Power System i n  a 

f lexible manner t o  accommodate various combinations of data acquis i t ion rates 

and end-to-end system loading. 

F i g m  5.6.3-3 shows how the connunication and data nanagenent system would 

accomnodate a proposed payload groupin?. This figure shows the basic 

s c i e n t i f i c  data requirements o f  each payload i n  the group. The two payloads 

with extremely high peak rates, ERSAR and SOT, can be acconmodated; however, 

i t  should be noted that that data managein@nt system performance, as wel l  as 

the TOUS and ground network performance, are qc i te  sensit ive t o  the operating 

timelines and duty cycles o f  these payloads. 

Figure 5.6.3-3 Data Subsystem Accomnodation 
o f  6-10 Payload 

290 



5.6.4 Conclusions and Reconmendations 

The concept defined f o r  the SASY communication and \data management i s  

capable o f  accanrmodating a wide range o f  pwload data support requiff.*r:t.s 

Operating f l e x i b i l i t y  has been stressed so that  the system can a c c o m d a k  

varying types and groups o f  payloads. Payload data storage i s  p r o v i d d  to 

allow operation i n  a store and dump mode to provide f l e x i b i l i t y  i n  TORSS 

u t i 1  ization. 

Payload autonow i n  the data processing area has been stressed t o  enstire 

maximum ease o f  payload t o  platform integration. 

Additional work should be done i n  the d e f i n i t i o n  o f  processing requirements 

and concepts for payload point ing systems and i n  the area o f  def in ing 

concepts f o r  accomnodating Spacelab payloads with minimum overal l  impacts. 

5.6.5 Further Discussion - Spacelab Payload Acconmodation 

Payload data interfaces with the Spxelab t yp i ca l l y  include interfaces with 

a Spacelab Remote Acquisit ion Unit (RAU) f o r  comnands, engineering data, and 

timing, and with the Spacelab High Rate Multiplexer (HRM) f o r  s c i e n t i f i c  

data. A separate video data interface i s  included when required. Signal 

conditioning, buffering, and synchronization must be provided on the payload 

side o f  the interface. This payload data interfacing equipnent can be 

modified t o  provide compatibi l i ty wi th the SASP data system. The s c i e n t i f i c  

data interface i s  expected to  require l i t t l e  o r  no change since the Reference 

Power System uses a Spacelab HRM. The conmand and engineering data bus, 

however, i s  d i f f e ren t  (a  STACC bus used i n  the Reference Power System). 

f igure 5.6.5-1 shows a typical Spacelab/Payload data interface with Spacelab 

Payload Standard Modular Electronics (SPSPE) used on the payload t o  interface 
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with the Spacelab. S P S E  i s  a szt  o f  standard functional modules developed 

by M N C  f o r  NASA t o  perform the interface function f o r  Spacelab payloads. 

SPSFE can be readi ly reconfigured t o  adapt Spacelab payloads t o  tbe SASP 

data management system by providing one o r  more new modules. Figure 5.6.5-2 

shows a possible configuration of S P S N  supporting a payload t o  SASP data 

interface. Note that only one new module i s  required for t h i s  configuratiuti. 

'c+ FtmcthalllaodukQ 
I Dedkated - 5 F  

E*Perkmmt e- 
l 

4 I 
I 
I Pmceswx Digital 

-- 
Time Intertcrce I 

e I#odule 

Experknent 
-Uter T i m  Remote 

Acquisition Commands I 

bifw 
Experimrnt 
Hsrdmn 

L f 
I 
I 

Figure 5.6.5-1 Typical Spacelab Experiment End-to-End 
Comnand and Data Flow 
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AND DATA 
MANAG 
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Figure 5.6.5-2 Typical SASP Experiment End-to-End 
Comnand and Data Flow 

SPSME also has provisions t o  include a dedicated experiment processor t o  

support experiment control, data acquisition, and data procesc!?g. As 

discussed i n  Section 4.3 (Task 4) ,  data processing capabi l i ty  a t  the payload 

i s  qtrongly preferred over payload data pmcessing i n  a central ized (platform) 

processor. 

While not a l l  Spacelab payloads w i l l  use SPStrlE, most w i l l  have some functional 

equivalent that  can be modified t o  accomnodate a SASP interface. The extent 

and cost o f  that  modification w i l l  depend, among other things, on the 

modularity o f  the in ter fac ing equipment. 
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5.7 P O E R  DISTRIBUTION 

5.7.1 Overall Requirements Sulrmary 

The pr incipal  requirements placed on the power d is t r ibu t ion  system can be 

summarized as follows: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Distr ibute the required type and amount of power t o  payloads and 

supporting subsystem. 

Provi de con t i nui t y  o f  the equi pmen t groundi ng system across non-metal 1 i c 

sections of platform structure. 

U t i l i z e  Power System (PS) single point  structure ground system. 

Use hardwire returns f o r  a l l  power c i rcui ts.  

Supply power t o  supportiny subsystems a t  30 VDC nominal. 

Readily accommodate growth from F i r s t  Order t o  Second Order t o  

Extended Second Order P1 atform configurations. 

Develop viable designs f o r  cable stowage/deployment f o r  hinged/ 

expandable truss sections. 

Provide fl exi b i  1 i ty for select ing a1 ternate source buses f o r  pay1 oads 

and support subsystems. 

Accomnodate peak power demands i n  the most economical manner. 

Define any unique interface requirements placed on the PS by the Platform. 

Power requirements f o r  the mini-arm berthing ports on the F i r s t  Order Platform 

are set a t  the capabi l i ty  of the PS by the Materials Experiment Carrier (MEC). 

Expansion t o  the Second Order Platform configuration provides addit ional 

ports t o  supply lower viewing payloads on cross arms extending f r o m  the 

Platform Support Mcdule. A mini-arm ident ical  t o  those on the F i r s t  Order 

Platform i s  attached to  the a f t  pos i t ion of the Support rlodule. The Extended 

Second Order P l a t f w m  adds more of the lower power ports by addit ion o f  cross 

arm extensions O T  a t r a i l  arm. 
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5.7.2 Important Factors and Considerations 

The plat form mini-arms d i s t r i b u t e  a nominal average power o f  25 kW a t  e i t h e r  

30 V o r  120 V. Peak rat ings o f  the PS 30 V section and 120 V sect icn are 

35.5 kW and 27 kW respectively wi th  a potent ia l  f o r  the 120 V sect ion t o  

de l iver  36 kW. The d i s t r i b u t i o n  system o f  the mini-arms i s  sized t o  handle 

150% o f  rated average power and, therefore, can d i s t r i b u t e  the 62.5 kW 

rated peak power o f  the PS. 

No requirements have been ident i f ied  for a payload dedicated essential bus. 

The TRW MEC report  dated 11 June 1980 makes provis ion for a selectable 

low power (-1 kW) p r i o r i t y  bus f r o m  the three-bus 30V in ter face o r  the two- 

bus 120 W interface, which are provided by the plat form mini-arms. Switchable 

redundant source buses i n  the Platform Support Module are provided f o r  a l l  4ew- 
Changed t o  20 kW/30 kM a t  Final Br ie f ing 
power (i ) payload interfaces on cross arms and 

extensiov arms. Some scar weight penalty i s  incurred i n  the Basic Second 

Order Platform t o  provide t h i s  and other f l e x i b i l i t y  features f o r  the extended 

platform family. Means for supplying cross a m  payload peak power greater 

than 9.3 kW are reported under Task 4, Subsystem Trades, w i th  conclusions 

s m a r i z e d  l a t e r  i n  t h i s  section. 

The nominal 30 v o l t  d i s t r i b u t i o n  system i s  sized t o  maintain payload in ter face 

voltages about 26.0 vo l ts  a t  rated peak power w i th  the PS regulators set 

f o r  32.0 vo l ts  maximum/31.4 vo l ts  minimum (+1% - band) a t  the PS/Platform 

interface. The Plat fom/Orbi ter  in ter face i s  more res t r i c t i ve .  I n  t h i s  case 

the c r i t e r i a  i s  t o  maintain Orbiter/Spacelab interface voltage a t  26.6 vo l ts  

minimum f o r  a peak load of approximately 11 kW. Data generated by MDAC f o r  

the NASA Power Extension Package (PEP) study program indicates t h i s  c r i t e r i a  

can be met by using e ight  (8) "0" gauge wires f o r  one of the three 30 \I c i r c u i t s  
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f r o m  the PS v ia  the Platform t o  Orbi ter  Main Dis t r ibut ion Assembly No. 3, 

Emphasis i s  placed on design for maximum iso la t ion  o f  payloads t o  minimize 

pGssible interference t o  one payload f r o m  transients produced by another. 

A minimal weight penalty i s  incurred f o r  t h i s  capab'lity. 

5.7.3 Work Accompl i shed 

Highl ights o f  work accomplished are l i s t e d  as follows: 

Developed pay1 oad and support subsystem power requirements. 

Developed Second Order P1 atform d i s t r i bu t i on  system design f o r  maximum 

payload isolat ion,  f l e x i b i l i t y  f o r  bus load assignments, and s imp l ic i t y  

o f  expansion t o  Extended Second Order Platform consistent wi th  minimum 

trade penal t ies. 

Eva1 uated approaches t o  c i r c u i t  protection and switching. 

Analyzed methods fo r  handling high peak power demands and selected a 

preferred approach. 

Made recommendations f o r  changes t o  reference concept 25 kW Power System 

i n  PM-001 t o  accommodate platform unique interfaces. 

Selected a cable design f o r  crossing hinged and ro ta t ing  (up t o  - +180°) 

j o in t s  using superflex w i r e .  

i den t i f ied  need for development of high voltage components (i.e., 120 VDC 

and higher) t o  promote viable a1 ternatives t o  d is t r ibu t ion  and u t i l i z a t i o n  

a t  less ef f ic ient  lower voltages. 

Generated design approach t o  platform d is t r ibu t ion  design f o r  high 

power, pressuri zed, manned mdu l  es. 

Investigated applications for bypassing 120 v o l t  regulators t o  supply 

dedicated high power payloads d i rec t l y  a t  bat tery voltage. 
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5.7.4 Conclusions and Collrnents 

The F i r s t  Order Platform has the capacity t o  d is t r ibu te  Power System rated 

peak power to a l l  payload ports. 

a prime user of t h i s  capabil i ty .  

The Second Order Platform provides ports dedicated to- power &&&W- 

average/?k&W peak) payloads. Viewing experiments are prime users o f  t h i s  

capabil i ty. The Extended Second Order Platform family provides addit ional 

ports f o r  the lower power users. 

Ihe Materials Experiment Carr ier  (MEC) i s  

20 kW, 

30 kW 

A;1 platform conf;gurations can employ three mini-arms, each o f  which w i l l  

handle the maximum available output of the 25 kW Power System. Payload power 

i s  available a t  a l l  ports a t  e i ther  30 V o r  120 V o r  a combination o f  the 

two up t o  the i r  combined ratings, depending on other mission user requirements. 

Maximum isbrat ion o f  payloads i s  provided by use of rad ia l  feeds f r o m  

switchable, (selectable) source buses. Conductors f o r  nominal 30 V d is t r ibu t ion  

are sized t o  maintain payload interface voltage a t  26.0 V o r  higher fo r  rated 

peak power conditions. The minimum interface voltage for the 120 V system i s  

108 V. Peak load demands exceeding d is t r ibu t ion  system maximum rat ings are 

supplied by peaking batter ies provided by the user. No provision i s  made f o r  

d is t r ibu t ing  AC power t o  payloads. Insuff icient data i s  avai lable to size 

central inverters (other than those dedicated f o r  platform thermal control 

system pumps). Therefore, any AC power required i s  t o  be provided by the user. 

Recomnendations f o r  modifications t o  interface provisions i n  the 25 kW Power 

System reference concept are reported under Task 3. Timely development o f  

required components for high voltage, high power d is t r ibu t ion  and u t i 1  izat ion 

i s  strongly reconmended i n  support of PS/SASP and related applications. 
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5.7.5 Discussion 

The platform power d i s t r i bu t i on  system has evolved conceptually i n t o  options 

ranging from d i s t r i bu t i ng  both DC and AC power, with provisions for u t i l i z i n g  

the maximum peak DC power available from the 25 kW Power System (PS), t o  a 

more elemental system f o r  d i s t r i bu t i ng  and contro l l ing primary DC power only, 

with peak loud demands exceeding nominal d i s t r i bu t i on  capacity being su-l,,lied 

by local  peaking batteries. The scope of payload p w e r  interfaces ranges 

f r o m  those provided for a F i r s t  Order Platform,where power i s  d is t r ibuted 

d i rec t l y  from PS berthing ports, t o  an extended Second Order Platform which 

adds d i s t r i bu t i on  from a central support module t o  payloads on cross arms 

and t r a i l i n g  arms. The baseline concept provides for growth from f i r s t  order 

t o  second order wi th a " k i t "  approach to  being used t o  achieve maximum second 

order capabi 1 i t y  . 

A block diagram o f  the f i r s t  order power d i s t r i bu t i on  system i s  shown i n  

Figure 5.7.5-1. Note the recommendation to  provide coolant pumping i n  the 

PS, thereby el iminating the 400 Hz interfaces. 

The 25 kW 120 V interfaces a t  the +Y and -Y ports are additions t o  the PS 

reference concept defined i n  PM-001. Also the +Y and -Y 30 V interfaces are 

increased from 6 kW t o  25 kW t o  accomnodate MEC. While not shown, use may 

a l s o  be made o f  the +Z p o r t  which can supply rated 25 kW capacity a t  e i ther  

120 V or 30 V .  

Growth t o  the Second Order Platform configuration provides power usage for 

payloads docked a t  cross arm berthing ports a t  the levels given i n  Table 
20 kW 30 kW 

5.7.5-1. Rated capacities a t  the interfaces are &&kbI cont inuous/9d+W 

peak, L t; 
The table also gives a breakdown o f  both payload and 

2 98 



platform subsystem p a w  usage. Requirements for pilyload point ing (Dornier 

system) and payload subsystem equipment power were coordinated w i th  TRW. 

Note that no power i s  allocated t o  payload subsystems for thermal control. 

A central thermal control system (TCS) i s  provided by the Platform. 

al locat ion o f  640 watts a t  400 Hz i s  shown for TCS pumps located i n  the 

P1 a t  form Support Module (SM) . 

Z S I W  
POWER - 
SYSTEM 

+v 

I 
-Y 

SAME AS 
-Y PORT 

400 H I  FOR MINI.ARM 
TCS SUBSYSTEM PUMPS -4 
(SEE RECOMMENDATION 

I 

I SUBSVSTEM I 

Figure 5.7.5-1 First-Order Platform Power Dis t r ibut ion 
Block Diagram 

0 25 kW REGULATED 30 VDC AND 120 VDC CAPABILITY PROVIDED AT + Y AND - Y PORTS AND + X PORT TO ACCOMMODATE MEC IN 
ADDITION TO LOWER POWER VIEWING PAYLOADS 

RECOMMEND DELETE TCS PUMPS AND 400.H~ DISTRIBUTION FROM 
MINI-ARM SUBSYSTEM AND PROVIDE PUMPING IN PS (SEE TCS 
DESCRIPTION) 

4 
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NOTE: Power a t  each por t  changed t o  20 kW/30 kW peak a t  Final Br ief ing 

Platform Subsystem 

Equipment Ground 
/ 
91011,210-30 vdc SM 

-640/640-0 H t  SM TCS Pumps 

Power Allocation in Watts Distribution Interfaces 

TYPO 
Continuous Pork -- - Payload 

- Power 4,000 6,000 - 
617 1,645 

-4,600/8,900-120 vdc Payload Elements 

Payload Element 
Pointinn (Domier) 
Subs y siem 
Computer and 110 
Support Electronics 

Growth Allocation 
Totals 

Pla tf orm 
High Rate Multipiexers 
High Rate Digital Recorders 
RIU's 
Thermal Control 
trail Arm Rot. Drive 
Other DrivedMechanismsl 
Viewing LIghtsl'TV Cameras 

Contingency 
Totals 

'" 182 182 ~ 4 . 6 0 0 ~ ~ . 8 0 0 - 3 0  vdc Payload Elements 

5,324 8.352 

676 976 
~ -~ 

6.000 9,328 

400 40 
250 500 
35 35 

640 (540 
50 2 0  

Intermittent 

1,375 1,775 

-501200-30 vdc Arms 
225 275 -- + Intermlttonts 

1,600 2050 

Table 5.7.5-1 Power A1 locat ions/Distr ibut ion Interfaces, 
SAS Second-Order Platform Configuration 

The a l locat ion o f  4000 watts continuous power f o r  payload elements Is 

unchanged from the Midterm Brief ing. However, peak power ha5 been reduced 

from 8000 watts t o  6000 watts. This re f l ec ts  the speci f ic  constraint  i n  

DO0 RFP F04701-79-R-0060, Experiment Requirements f o r  Space Test Program 

Sort ie Support System, Appendix 4 t o  Annex A t o  Attachment 1, which l i m i t s  

experiment peak power t o  1.5 x experiment average power. Use of the 1.5 

factor also i s  i n  keeping wi th  c r i t e r l a  used i n  previous platform studies 

conducted by MSFC. Experiment data analyzed by MDAC has shown l im i ted  

instatices o f  higher ra t ios  o f  peak t o  average power, but i t  i s  f e l t  that  the 

1.5 X factor should be used for experiments i n  the 6 kW class unless a higher 

factor i s  developed from the TRW exper imnt data base study, 
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Power requirements f a r  the platform subsystem are broken down to t i le component 

leve l  versus the subsystem level  reported a t  Midterm. Al locations o f  power 

t o  the p la t fo ,  subsystem, payload elements, and payload subsystems, including 

provisions f o r  growth and contingencies, are indicated by power leve l  (continuous/ 

peak) and type (120 VDC, 30 VDC, 400 Hz) i n  the interface diagram on the 

r ight .  Equipment grounds continue t o  be shown t o  provide cor, t inui ty o f  the 

grounding system f o r  equipment on mini-arms, cross arms t r a i l  a rm,  ar,3 

standoff, a l l  o f  which are baselined t o  use graphite e p o v  structure. 

Platform Support Module i s  aluminum which provides an e f f e c t i v e  ground 

The f u l l  capabi l i ty  interfaces a t  the PS +Y and - Y  ports are retained 

The 

p l  ane. 

n the 

Second Order Platform, and the mini-arm formerly a t  the +X por t  i s  attached 

to  the platform support module a f t  berthing por t  as i. idicated by the block 

diagram i n  Figure 5.7.5-2. Dis t r ibut ion of AC power t o  payloads i s  not 

provided because o f  the lack of a hard requirements base cost-ef fect ive 

system sizing. User provided batter ies cre requiwd t o  supply peakina power 

i f  experimetit (payload element) demand a t  the lorn- power cross arm ports 

exceeds dr9 k!!. 
30 

The Second Order Platfsrm incorporates the Support Module w i t h  1 t s  central 

comnand/data and thermal control systems. 

to  accept d i f fe ren t  and varied payloads, the Platform provides a berthing 

mechanism f o r  tne Orbiter. Three 30 VDC buses are provided a t  the Orbi ter /  

I n  addi t ion t o  i t s  expanded capab i l i t y  

Platform in ter face t o  support the Orbi ter  and i t s  payloads i n  a s o r t i e  mode. 

Two of the three buses are rated t o  supply a nominal 7 kW each for Orb i ter  

loads. The t h i r d  bus i s  rated t o  supply approximately 11 kW a t  the Orbi ter /  

Spacelab interface. The basic second order configuration can be expanded t o  

serve addit ional payloads by i n s t a l l i n g  "k i t s "  which extend e i ther  the 
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Al l .  PAYLOAD INTERFACES CAPABLE OF SUPPLYING 6 kW CONTINUOUS 
PCWER. IN ADMflON. PS +Y AND - Y  30 W D C  AND 120 VDC INTERFACE, 
TRAIL ARM PORT 120 VDC AND 30 VDC INTERFACE. AND ORBITER 
INTERFACE ARE CAPABLE OF SUPPLING 25 kW (LESS PLATFORM 
SIBSYSTEM LOADS AND DISTRIBUTION SYSTEM L O S E 9  

Figure 5.7.5-2 Second-Order Platform 
Power D is t r ibu t ion  Block Diagram 

cross arms o r  t r a i l  arm o r  both. The two ports on each of the k i t s  are rated 
20 30 
-6- kM c o n t i n u o u s w k W  peak a t  both 30 VDC and 120 VDC. same as the cross arm 

ports on the Basic Second Order Platform. The k i t  which extends the t r a i l  arm 

is inserted between the basic t r a i l  arm structure and the Support Module. 

This k i t  incorporates a 360" ro tary  j o i n t  wi th  a s l i p  r i n g r o l l  r i n g  system 

capable o f  t ransmit t ing maximum avai lable power (nominal 25 kW less platform 

subsystem loads and d i s t r i b u t i o n  losses) across the interface. This i s  the 

only configuration tha t  requires a s l i p  r i n g / r o l l  r i n g  system. Power t ransfer  

across a l l  other ro ta ry  j o i n t s  (+goo, - - +180") i s  accomplished by using 

f l e x i b l e  t r a i l i n g  cables. 

The t r a i l  arm " k i t "  a lso i s  unique i t ?  that  coolant f l u i d  i s  not t ransferred 

across the 360" ro tary  j o i n t .  Inverters are 

support equipment k i t  t o  supply 400 Ht power 

provided i n  the t r a i l  arm 

t o  the self-contained thermal 

control system pumps. 
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Superflex w i r e  i s  used i n  f l e x i b l e  t r a i l i n g  cables for crossing hinged as 

well  as ro tat ing j o i n t s  and for deployable cable i n  expandable truss sections. 

This approach also was taken by MQAC for power transfer across j o i n t s  on the 

Orbiter remote manipulator system i n  the PEP application. 

SECONDORDER PLATFORM - TRAIL ARM 

The 30 V power d is t r ibutors  provide buses, power monitoring, c i r c u i t  

protection, and switching for payload and platform systems as required. A 

block diagram of mini-am power d is t r ibut ion i s  shown I n  Figure 5.7.5-3. 

A more detai led diagram indicat ing power d i s t r i bu t i on  fop the second oder 

cross arm i s  given i n  Figure 5.7.5-4. This scheme uses radial  c i r c u i t s  t o  

a l l  payload elements and i s  the preferred approach developed i n  Task 4. 

Subsystem Trades. 

Figure 5.7.5-3 Mini-Arm Power Distr ibut ion 

303 



Figure 5.7.5-4 Radial (Isolated) Ci rcu i ts  t o  Crossarm 
Payload Elements 

The advantages of t h i s  approach re la t i ve  t o  others considered are that  i t  

(1)  provides maximum iso la t ion  between payload elements f o r  both the basic 

and extended Second Order Platforms, (2) increases i so la t i on  between payload 

subsystems, (3 )  of fers  higher indicated r e l i a b i l i t y ,  and (4) o f fe rs  lower 

indicated system cost, although a t  the expense of scar weight t o  readi ly  

accomnodate growth to  the extended second order configuration. The pr inc ipa l  

disadvantages are  (1) increased cable weight, and (2) increased number o f  

t r a i l i n g  cable ins ta l la t ions  t o  cross ro tat ing interfaces. The t o t a l  number 

of cables may be reduced, however, due t o  el iminat lon of d is t r ibu tors  f o r  

the payload element c i rcu i ts .  
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Also included but not shown i n  Figure 5.3.5-4 are redundant 400 Hr inverters 

for the TCS pumps, together w i t h  required switching and c i r c u i t  protection 

i n  a dedicated AC power d is t r ibutor .  Support Module subsystem dc loads are 

served from a redundantly supplied 30 W aux i l i a ry  bus i n  the Support tlodule 

30 V d is t r ibutor .  

Power i s  supplied fm the PS t o  the SN dis t r ibutors  over three 30 VDC 

regulated c i r c u i t s  and three regulated 120 WDC c i r cu i t s .  The reference 

concept 25 kW Power System provides for two regulated 120 VDC interfaces; 

the t h i r d  c i r c u i t  was proposed i n  the SASP Midterm Br ie f i ng  t o  increase 

platform d is t r ibut ion f l e x i b i l i t y  and transient isolat ion.  Provision f o r  

switching a l l  radial  paylodt~ Vlement c i r c u i t s  t o  alternate source buses i s  

included although not detailed i n  the figure. This gives f l e x i b i l i t y  t o  

supply mu1 t i p l e  high demand payload elements concurrently from separate buses 

i n  both the basic second order and the extended second order configuratiov. 

Capability for supplying a l l  subsystem loads from a single source bus i s  

provided by the contactor shown i n  the crossarm distr ibutor,  however, the 

contactor i s  normally open to  iso la te the subsystems from one another. 

Various means f o r  protecting and switching indfvidual c i r c u i t s  were assessed 

i n  Task 4. The preferred methods are (1) use remote control c i r c u i t  breakers 

o r  (2) power relays/contactors i n  series w i th  fuses. 

stretching" o f  baseline Remote Interface Unit (RIU) discrete comnands w i l l  be 

required t o  operate switching devices d i r e c t l y  o r  t o  operate switch drivers 

where the primary device current/operate t i m e  exceeds RIU output capabi l i ty  

(200 m i  I 1  iamperes maximum f o r  5 m i  11 iseconds). 

In  e i the r  case "pulse 

Both the 30 V and 120 V output> from the Power System a re  regulated t o  w i th in  

- +1% o f  the preset voltage. However, due t o  voltage drops i n  the d i s t r i bu t i on  
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system, the regulation bend a t  individual payload interfaces w i l l  be greater. 

Nominal steady-state l i m i t s  are on the order of - +5X o r  bet ter  (a spread of 

10% or less) wi th absolute worst case l i m i t s  up t o  +IO% (20% spread). eJhere 

w l a t i v e l y  t i g h t  regulation i s  required, sui table conditioning equipment m s t  

be provided by the user. 

An example of SASP compatibi l i ty wi th user requirements from a power usage 

point  o f  view i s  indicated i n  Figure 5.7.5-5. The d i s t r i bu t i on  o f  payloads 

shown here i s  taken from the Accomnodation Analysis o f  the B-10 segment o f  

TRW's Fl ight  Scenario I 1  for a 57'. 400 km o rb i t  (3rd quarter 1987). As 

noted i n  the figure, there are no accmmdation problems. A l l  payload power 

requirements are  wi th in  the continuous power capabi l i ty  (6 k'd) o f  the payload 

ports. 

HP-2 €0-1 
1.64 kW 
(Mounted t Tkw 
on Solar 
Away BOX) \ 

SHR-FP 
1.66 kW 

HE-3 
1.36 kW 

e No Accomodstlon PmbImr ER SAR 
3.16 kW 

SMlP-3 
3.78 kW 

Figure 5.7.5-5 Power Reqilirements 6-10 Case 

306 



5.8 lliEi\MAL CONTROL CONCEPT DESIGN 

As a resu l t  o f  subsystem trades described i n  Paragraph 4.5 a central ized 

concept was selected w i t h  platform radiators located on the standoff structure 

t o  supplement Power System radiators. Dual f l u i d  loops ape provided t o  

transport heat from the payload via d i r e c t  f l u i d  connectiom t o  the radiators 

f o r  heat rejection. 

5.8.1 Overall Requirements Sunmary 

Functional requirements for  platform thermal control are t o  maintain payload 

and subsystem temperatures wi th in  1 imi t s  by c o l l  xti ng and transporting heat 

t o  radiators when i t  i s  rejected t o  space. These functions must be performed 

f o r  key orientations which are 2-LW w i t h  Y-POP o r  X-POP and X-POP w i t h  Y-PSL. 

Al t i tude variations range f rom 400 t o  450 km. 

Platform radiator geometry rest r ic t ions are imposed by the Platform standoff 

structure which i s  1.37 meters wide and 10.4 meters long. 

5.8.2 Important Factors and Considerations 

Low cost i s  an important consideration for platforms subsystems i n  order to  

ensure a viable program. Design s impl ic i ty  consistent wi th meeting design 

requirements i s  one method of obtzining t h i s  goal. Another approach i s  t o  

make maxiinurn use of exist ing hardware and technology which reduces research 

and development needs. 

I n  order t o  obtain experimenter support, the experimenter must have a high 

confidence level that the Platform w i l l  provide the resources needed over the 

planned mission time. Therefore, a highly re l i ab le  and safe design must be 

provided. This may be accomplished by incorporating shtple proven hardware 

designs. Design for on-orbit maintenance ensures a continual ly avai lable 

platform despite unforeseen fai lures. 
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The Platform system interfaces with the Power System and the payloads and as 

such the designs must be compatible. Factors which are pa r t i cu la r l y  important 

include f l u i d  type, flow, temperature and pressure drop characterist ics. 

5.8.3 Work Accompl i shed 

E f f o r t  on t h i s  task optimized and detai led the central ized concept which was 

. chosen i n  the subsystem trades reported i n  Section 4. This concept 

contained four panels, one located on each of the four sides o f  the platform 

fixed standoff structure. 

through two of the panels i n  series, each panel has four passes. This 

arrangement y ie lds a thermally e f f ic ient  design wi th  acceptable f l u i d  

pressure drop. 

Flow arrangement f o r  each f l u i d  loop i s  t o  pass 

The radiator panels were optimized t o  ensure a weight and cost e f f i c i e n t  

design. A t r u l y  weight optimum design was not appropriate because the area 

requirements would exceed avai lable area. Additionally, manufacturing 1 i n i t s  

on tube diameter and tube w a l l  and f i n  thickness was considered. Pressure 

drop capabi l i t ies of exist ing f l u i d  pumps were taken i n t o  account. 

S i x  geometric factors as well  as probabi l i ty  of meteoroid puncture, number o f  

f l u i d  passes f o r  each panel and flow arrangement between panels were the 

design parameters. Each o f  these were systematically varied and a preferred 

value was selected i n  terms o f  a value representing an e f f i c i e n t  design. 

This value i n  some cases was a minimum weight point, a manufacturing l i m i t  

or a point where the increase n weight f o r  a decrease i n  area becomes 

excess i ve. 

An example i s  shown on the r i g h t  of Figure 5.8.3-1 which varied tube spacing. 

A minimum weight occurs around 4.5 inches, but area requirements are excessive 
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a t  t h i s  point. As tube spacing i s  reduced i n  length, area decreases but 

complexity and cost increase because o f  the number o f  tubes and welds. A 

value o f  four inches was chosen as an e f f i c i e n t  design. 

~~ 

Required Area LessThan 
Available 
Pressurn Drop Consistent 
With Available Qumpcr 
Manufacturing Limits 
w- a d  Cost Etikienl 
Design 

I DESIGN PARAMETERS I 

Also, 
1. Probability of Puncture lo1 Tubs 
2 Probability of Puncture for Manifolds 
3. Number of Passes 

Tube Spschg (inches) 

Figure 5.8.3-1 Pal le t  Radiator Design Optimization 

The resul t ing radiator panel design i s  shown i n  Figure 5.8.3-2. Each radiator 

loop flows through two panels i n  series, each panel has four passes. Tube 

inside diameter i s  0.2 inch which represents the lower size l i m i t  which can 

be extruded without cost impacts. A tube wall thickness o f  0.138 inch and a 

manifold wall thickness of 0.15 inch resul ts i n  a probabi l i ty  o f  no meteoroid 

penetration o f  0.99 f o r  one year. Other dimensions shown on the extrusion 

represent a compromise between low weight, performance and manufacturing ease. 

As shown i n  the figure, the tubes make four passes per panel. A l l  tubes are 

not shown for  simplici ty, so based on panel width and four-inch tube 

309 



Radiator Panels 

I-- 4 in.---d 1 

0.4 in. 0.05 in. 

0.2 in. ID _ _  . ~ 

0.338 in. OD 

TubelFin Cross Section 

Characteristics (Four Panels) 
Fixed Weight S H  Ib ' 
Fluid Weight 47 Ib 

Pressure Drop 19 mid 
Reynolds Number 17,600 

Puncture Prob 

Area * W s q f t  

Design Flow 3,057 Ibmr 
Fin Etticlency 0.943 

0.98 

. 1.65 In. ID 

\ 
0.1s in. Wall 

Manifold Cross Section 

Figure 5.8.3-2 Selected Platform Radiator Deta i ls  

spacing, each pass consists o f  four tubes i n  para l le l .  This tube geometry 

resul ts  i n  low f l u i d  t o  f i n  temperature drop with a reasonable pressure drop, 

19 psia. 

The probab i l i t y  o f  meteoroid puncture o f  0.99 includes e f fec ts  o f  both 

manifolds and tubes. The optimum r a t i o  o f  shielding i n  terms o f  expected 

penetrations per u n i t  ared time between manifolds and tubes i s  about 25 t o  1 

since vulnerable area i s  much smaller f o r  manifolds. 

Approximately 640 square feet o f  rad iator  area i s  avai lab le on the standoff 

section. Figure 5.8.3-3 shows the performance ot t h i s  rad iator  f o r  various 

or ientat ions and beta angles. 
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llO°F Inlet Temperature 
60°F Outtet Temperature 
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230.nmi Altitude - 15% Blockage Assumed 
Sunside Average Conditfons 

- 

I I I 

0 30 60 90 120 
Beta Angle (deg) 

Figure 5.8.3-3 Platform Standoff Radiator Heat 
Rejection Capabi l i ty  

11,e selected design point  i s  the worst case and amounts t o  11.2 kbl f o r  0' 

beta and X-POP, Y-PSL or ientat ion.  I t  can be seen tha t  performance improves 

f o r  other conditions. 

A degraded s i l v e r  te f lon coating ident ica l  t o  tha t  used on the Orb i ter  

radiators was asscmed. This i s  p r imar i l y  a so la r  coating due t o  i t s  so lar  

absorpt iv i ty  o f  0.1 for a degraded condition. Since some o f  the  rad ia to r  

panels get very l i t t l e  solar impingement and albedo, use o f  a high emissiv i ty 

coating may improve performance. 

The data shown i n  the f igure i s  f o r  sun side conditions; performance w i l l  

improve on the shade side o f  the o rb i t .  
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The platform central ized radiator concept i s  shown schematically i n  Figure 

5.8.3-4 f o r  cross arm configuration. Heat re ject ion i s  accomplished by the 

Power System radiator and by a separate platform radiator located i n  para l le l .  

TWO separate f l u i d  loops are provided; each services h a l f  o f  the ports. The 

cross ~ r m  configuration i s  shown wherein each loop services a separate arm. 

Each loop flows 3410 lb/hr of Freon 21 which is i n  the design range f o r  

ex is t ing Orbiter pump units. Pressure drops i n  the loop are also compatible 

wi th ex is t ing pumps. 

RATFMIY 

SOLATIOM VALVES ALLOW 
~ L E C l l O N  OF TOP. BOROM 
OR BOTH PORTS 

1- LM(R 

Figure 5.8.3-4 P i  atform Thermal Control Central ized 
Radiator Concept 
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Platform cold plates are located i n  para l le l  with the payloads so tha t  plat form 

heat loads do not perturbate payloads and ensures a 60°F f l u i d  supply t o  

pay1 oads . 
Flu id  i s  directed t o  each arm through f l e x  l i nes  which allow the arms t o  

ro tate '180" - re la t i ve  t o  the center structure. Iso la t ion  valves opposite 

each por t  locat ion allow Freon f l u i d  t o  be directed t o  e i ther  o r  both top 

o r  bottom por t  locations. These valves also allow iso la t ion  o f  e i ther  por t  

i n  the event o f  an excessive leak i n  a connector o r  payload. 

Relat ively constant pressure drop i s  msintained between supply and return 

f l u i d  l ines  by the AP valves. 

adding o r i f i ces  i n  the i r  loops t o  provide a predetermined pressure drop a t  

the design flow. This w i l l  ensure a mininium imbalance when the payload 

compliment on the platform changes. 

Payload pressure drops w i l l  be trimmed by 

The design point  fo r  the platform radiators c a l l s  for an i n l e t  temperature 

o f  110°F and an ou t le t  o f  60°F. Many types o f  experiment hardware can 

to lerate higher cemperatures and th i s  improves the performance o f  the platform 

radiator. 

temperatures. 

Figure 5.8.3-5 shows the effect o f  o f f  design point  higher 

Since the Power System heat exchanger and platform radiator are i n  para l le l ,  

they w i l l  have the same i n l e t  temperature. These two means of heat reject ion, 

however, do not produce ident ica l  ou t l e t  temperatures a t  o f f  design point  

conditions. The Power System w i l l  provide 10-16 kW cooling, a t  25 kW power 

output, dependent upon beta angle and orientat ion. As the temperature 

increases more cooling i s  not expected because the control log ic  l i m i t s  

Power System loop temperature. The platform radiator, however, w i l l  provide 

mow cooling as temperatures r i s e  as shown i n  the figures. 
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Figure 5.5.3-5 Thermal Control Subsystem O f f  Design Point Fcrformance 
P1 atform P1 us Power System Radiators 

Conclusions of the analysis show tha t  because o f  higher rad iator  performance, 

the payload supply temperature only increases a t  two-thirds the ra te  a t  which 

the payload return increases. This corresponds t o  an increase o f  1 kW f o r  

each 10°F by which the payload return f l u i d  increases i n  temperature. 

Therefore, f o r  high power payloads without str ingent temperature l im i ts ,  

platform avai lable cool ing increases above the design point. 

FiCure 5.8.3-6 presents two approaches t o  provfding cool ing t o  plat form 

accommodated payloads during peak loads above 5 kW. The method selected w i l l  

depend upon the equipment temperature l i m i t s  and peak cool ing magnitude and 

duration. 
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0 Requires Recovery lime 
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0 Capacity Dependent Upon  lot^! -':uoifng Load 

Figure 5.P.3-6 Platform Accomdat ion of Peak Cool ing Loads 

Performance characterist ics f o r  peak cooling wi th  thermal capacitors i s  

given on the !ef t  side of the figure. A SpacElab ?ype design i s  ass?rmed 

where a phase change material would be encapsulated in a cold p la te type 

design. The capacitors &re mounted between experiment equipment and cold 

plates. During peak power levels the material i;; the capacitors melt and 

absorb heat equal t o  the la ten t  heat o f  fusion. The f igure shows the number 

o f  capacitors required f o r  various power and duration conditions. 

A drawback of the thermal capacitor approach i s  thd t  before a peak. occurs a 

t i m e  p.;.iod a t  reduced experiment power i s  required so that  the i'hase chang 

material becomes frozen. Once a peak occurs the capacitors can proviae cool ing 

f o r  a l im i ted  time, u n t i l  the phase change mat,:ial i s  en t i re l y  melted. 

A less cost ly  method which i s  not time l im i ted  i s  shown on the r i g h t  o f  the 

figure. This approach merely l e t s  the payload ou t l e t  temperature r i s e  as the 
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peak cooling load increases. Most experiment equipment can withstand the 

tmperatures higher than the 110°F design point. Superimposed on the f igure 

are the current design conditions f o r  the Vnrtzrial Experiment Carrier which 

i s  a typical payload requir ing peak cooling. This payload operated bebeen 

131 and 199OF. As can be seen from the figure, the Platform would provide 

cooler temperatures, 60 t o  175°F. 

The experimenter w i l l  decide upon the most appropriate method f o r  peak 

cooling based on h is  equipment needs. 

5.8.4 Conclusions and Cements 

A centralized radiator concept has been selected and . . ta i led which represents 

a weight end cast e f f i c ien t  design. The selected design was a resu l t  o f  

numerous trade studies which compared the design options and selected optimum 

values o f  design parameters. The resultant design locates a central ized 

radiator concept on the platform standoff structure and augments the Power 

System radiator t o  provide a minimum o f  5 kW cooling t o  each payload port. 

The concept has dual loops; each provides cooling t o  h a l f  o f  the platform 

mounted payloads i n  the cross arm configuration. On the t r a i l  arm configuration 

f ly ing i n  the X-POP and Y-PSL, a separate t r a i l  arm radiator i s  provided 

t o  avoid a continuously ro tat ing f l u i d  gimbal. 

As an example o f  platform accomdat ion o f  payloads, a sample ca, r e  was 

evaluated which was the A-10 case (see Figure 5.8.4-1). This i s  a 400 km 

a l t i tude a t  a 57' inc l inat ion f o r  l a t e  1987. Environment temperatures i n  

terms o f  sink temperature and power level  are given. These temperatwes 

give some indication of the amount of heat l o s t  d i rec t l y  to  the environment. 

The niaterial processing and ant i  -earth poi n t i  ng pay1 oads see col d environments 

and some of the e lect r ica l  power i s  l i k e l y  t o  pass d i rec t l y  t o  sqace. Earth 
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Figure 5.8.4-1 Heat Rejection Requirements f o r  A-10 Case 

and solar viewers see a warmer environment a r i  i t  i s  believed that  the bulk 

o f  the e lec t r i ca l  power must be removed by the f l u i d  loop. The material 

processing payload i s  expected t o  operate a t  a higher temperature which 

also enhances heat loss d i rec t l y  t o  space. 

Upon examination of the power levels, which represent heat re ject ion wfth no 

heat loss d i rec t l y  io space, there are three payloads which are margfnal 

regarding accommodation by a p a l l e t  radiator concept. These are shown boxed 

i n  the power column. Only w i th  a 30 t o  50% heat loss t o  space could these 

loads be rejected w i th  nominal temperatures o f  60 t o  11O0F. 

The centralized concept can accomnodate a l l  payloads without d i f f i c u l t y  except 

for material processing which requires a s l i gh t  temperature increase, increased 

flow rate or a s l w r l  heat loss d i rec t l y  t o  space. 
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5.9 MANNED SUPPORT MODULE (MSM) 

5.9.1 Introduction 

Some designs o f  l i f e  science and materials processing payloads are expected 

t o  require pressurized modules. Available data was examined t o  i den t i f y  

platform design d r i  vers for  these types o f  payloads. 

Conclusions t o  the s t u b  show that power requirements are higher f o r  payloads 

housed i n  pressurized modules as compared t o  other payload types (see Figure 

5.9.1-1). Additionally, cooling temperatures are lower due t o  crew o f  l i f e  

science specimen needs. 

-1 
Life Science ant Materials Processing Requirements 

Platform Design Drivers 

[CONCLUSIONSI 
10 kW Electrical Power for Life Science; More Needed 
for Material Processing 

Q O O F  Cooling Fluid Required for Life Science Payloads 

Heat Rejection Equals Electrical Power Plus Metabolic 
and Chemical 

Rata Management Requirements Not Design Drivers 

Low G Levels Restrict CMG Toque, Attitude Rates 
and Slew Rates and Orbit Keeping Accelerations 

Figure 5.9.1-1 Platform Accomdat ion 
of Pressurized Modules 
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A review o f  data management requirements indicate that  these payloads are not 

design drivers. However, the low g requirements are expected t o  impact the 

design o f  the a t t i tude  control subsystem and influence operational procedures. 

5.9.2 Req uirements and Provisions 

Figure 5.9.2-1 highl ights the design requirements for payloads housed i n  a 

pressurized module. L i f e  sciences w i l l  require a minimum o f  about 10 kbJ 

e lec t r i ca l  power and t h i s  w i l l  grow t o  20 klJ i n  the 1989 era. 

processing w i l l  have higher power requirements. 

Material 

Requirement 

Electrical Power 

Thermal Control 

Data Management 

Attitude Control 

Operation 

10 kW US 
>?O kW Materials 
Processing 
4 0 O F  Cooling 

lmbps for Us, 
0.1 kbps Uplink 
30 kbps Downlink 
720 kbps Imaging 
10% Us 
10-59 Material 
Processing 

Pressuurired Link 
with Orbiter 

Provision 

Central Port Provision for >10 kW 

Platform Provision for 40°F 
Control or Pressurized Module 
Radiator and 40°F Control 
N o  Speclsl Provision - Not a 
Design Driver 

Extended Duration Between Orbit 
Keeping Bums 
Limit CMG Torques, Attitude 
Rates and Slew Rates. <0.1 O per 
sec Rotation Rate Limils. Locate 
Modules Near Center of Gravity 
Platform Support Module. EVA 
crew Transfcw or NonSpacolab 
Module Slructum 

Figure 5.9.2-1 Pressurized Module Requirements 
and Design Provisions 

Cooling temperatures of 40°F w i l l  be required fo r  pressurized modules t o  

maintain cabin humidity and temperature. This i s  less than the 60°F current ly 

provided by the Power System o r  platform. This lower temperature could be 

accomnodated with a radiator located on the module surface. 
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L i f e  science low g requirements of 10-49 w i l l  norinally not be exceeded i n  a 

module located near the center of gravity. However, o r b i t  keeping bums 

can cause t h i s  leve? t o  be exceeded and these events w i l l  require scheduling. 

Material processing g levels are lower, 10'5g, and w i l l  impact the design o f  

the a t t i  tude control subsystem. 

C r e w  transfer i s  required between the Orbiter cabin and the pressurized 

modules. EVA i s  not an e f f i c i en t  means o f  doing t h i s  and so a d i rec t  

pressurized l i n k  i s  preferred. A platform support module i s  recomnended 

which allows docking w i th  the Orbiter and other modules. This also allows 

use of the Spacelab structure which does not have mul t ip le  docking capabi l i ty .  

5.9.3 Assumptions and Design Requirements Detai ls 

The major design assumptions used i n  the study are l i s t e d  i n  Table 5.9.3-1. 

The guidelines and assumptions were used t o  establ ish a conunon pressurized 

support module t o  interface the Power System and support berthed manned 

pay1 oads . 

The l i f e  sciences mission model used as representative fo r  the purooses o f  

t h i s  study, imposes severe requirements on a Manned Support Module (MSM) i n  

the l a t e r  phases of the program. The EM i s  the berth t o  the Power System 

and provide berthing accomnodations f o r  a L i f e  Sciences Laboratory Module and 

a hab i tab i l i t y  module, both o f  which remain pennanently berthed throughout 

these phases of the mission. Ports must also be provided for Logist ics 

modules and for berthing t o  the Orbiter. 

The pressure and atmosphere o f  the MSM must be ident ical  t o  the pressure and 

atmosphere o f  the other modules so that "shirtsleeve" t ranslat ion between 

the various modules can be accomplished. The Power System i s  expected t o  
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tional Period Starts in 1987 for Life Sciences and 
1 for Materials Qlocessi Laboratories 
235-nmi Orbital Altitude at 2 So Inclination 
Ten-Year Life With On-Orbit Maintenance 
SAW Will Interface With the Orbiter, Life Science 
Laboratory, Materials Processi Laborat? Habitability 
Module, L istic Modules, and t e Power odule 

Habitability and Logistic Module Concepts 

Life Sciences Will be Based on NASA SASP Study 
Payload Element Descriptive Data Report, Gated July 1979 

Capabili (Excluding Atmospheric Storage) for the 
Manned 2 ystems Operations for the Shuttle 
Unattended Mode 

Laboratory Will be Based on NASA Experiment 
Module II (R-4) Information. Newly Developed Data 
From NASA Will be U s e d  to Refine SASP When Received 

Processing Laboratory Concept 

Will be Used as the Baseline Data for Comparisons 

?if O e  

NASA #OS T Will be Study Used as Guidelines for 

Power Requirements, Module S i s  and Crew Sizes for 

Habitability Module Will Provide the Major Life Support 

Initial Power Requirements for the Materials Processing 

Habitability and L istic Module Concepts From MOSC 

NASA Referenced Power Module Defined in NASA PM-001 

Will be Used Also 7 or ?he Developed Materials 

Table 5.9.3-1 Design Assumptions for Manned Platform Study 

provide power, thermal control, comnunications, and data transmission fo r  

all berthed modules. The MSM will provide the connecting link for these 

resources. In  an earlier phase of the mission, before the Logistic Module 

is le f t  by the Orbiter, the MSM may be used as a storage u n i t  for atmospheric 

gases and other  supplies needed t o  maintain the Life Scienc:. Laboratory and 

crew between Orbiter visits. Design requirements are listed i n  Table 5.9.3-2. 
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Table 5.9.3-2 Manned Support Module Design Requimments 
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5.9.4 Preliminary Manned Support Module Concepts 

The preliminary manned support modules are shown i n  Figure 5.9.4-1. During 

the study, f i v e  concepts were evaluated. Concept 1 i s  a 3.0m d ia  x 6.0m long 

structural  element configured t o  provide the structural  interface between 

the Orbiter and Power System plus four (4) pressurized modules. Concept 1 

does not contain subsystem elements except those required t o  provide the 

l i n k  between services and crew safety. The modules only function i s  t o  

provide a shirtsleeve translat ion capabi l i ty  between modules and receives 

i t s  environment f r o m  external sources. Concept 5 shown, includes a l l  services 

necessary t o  service berthed modules both manned and unmanned, including EVA 

provisions, atmospheric supply, and subsystem s ta t .6  equipment. The other 

three concepts have features i n  WNeen Concept 1 and Concept 5. 

CONCEPT 1 CONCEPT 5 

Figure 5.9.4-1 Manned Support Module Options 
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5.9.5 Base1 ine Manned Support Module Configuration 

The Baseline Hanned Support Module shown i n  Figure 5.9.5-1 i s  configured t o  

support pressurized L i f e  Science and Materials Processing experiments i n  a 

manned so r t i e  mode o r  i n  an automatic f ree- f ly ing mode of operation. 

addition, the module configuration shown permits growth t o  a manned f ree- f l y ing  

s c i e n t i f i c  laboratory. The concept provides: (1 ) passive berthing in ter face 

for Orbiter, (2) act ive berthing interfaces t o  accomnodate four payload 

modules, (3) passive interface with Power System o r  SASP, (4) in ter face 

connections for u t i  1 i ty support, a i r  exchange, and water transfer, (5) emergency 

vent capabi l i ty ,  (6) Power System status panel, (7) comwicat ion/data 

processing interface equipment, (8) atmosphere supply and pressurization 

tanks, (9) EVA a i r lock and support equipment, (10) thermal control  in ter face 

equipment, (11) module vent i la t ion system, (12) module in ternal  l igh t ing ,  

and (13) emergency l i f e  support pa l le t .  

In 

Active 
Common Utility Interfaces 
(Typical 5 Places) 

Trtit?, Berthing Port 
With Orbiter Type 
Hatch (Typical4 Places) Type) I 

Emergency 
Support Pallet 

Power 
System \ \ Thermal 

Protection System 

- 0.45 m (18.0) 

Atmospheric Supply and 
Pressurization Tanks 

Figure 5.9.5-1 Preliminary Manned Platform Module - Concept 5 
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5.9.6 Manned Support Module - Comnunications/Data Processing System 

The manned support module comunications and data subsystem shown i n  Figure 

5.9.6-1 provides for control of, and data acquis i t ion f rom,  support module 

subsystems v ia  the Power System comnunications equipment and data bus. Crew 

members can monitor Power System, Support Module, and experiment status and 

enter comnands w i th  the CRT/keyboard equipment. Other crew support capabi l i t ies  

include caution and warning display and annunciation, physiological monitoring, 

closed-circui t television, and voice communications. Subsystem components can 

be ident ical  to, o r  derived from, Spacelab and Orbi ter  comnunication and 

data equipment. 

MONITOR 
ELECTRICAL 

OlSpUV 

ONE FOR 
EACH 

Figure 5.9.6-1 Manned Support Module Comnications/Data 
Processing System 
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5.9.7 Power Dis t r ibut ion System 

The support module power d i s t r i bu t i on  system shown i n  Figure 5.9.7-1 provides 

the e lec t r i ca l  Power System interface between the Power System berthed 

Orbiter, and payloads. Power System status assessment capabi l i ty  i s  also 

provided. The manned berthed payloads w i l l  be provided 30 VDC, 125-180 VDC 

unregulated/l20 VDC optional regulated, and 115/200 VAC 400 Hz o f  e lec t r i ca l  

power. The preliminary d is t r ibu t ion  system was sized t o  accomnodate the 

Materials Processing configuration because i t  required the highest power level ,  

This permitted the Support Module to  accommodate payloads tha t  required up t o  

100 t o  125 kW o f  power as well  as the lower power users. A major amount of 

the materials processing furnace heating was considered t o  be provided by 

unregulated 125-180 VDC. The support module l i g h t i n g  system, thermal control 

system equipment, comnunications/data processing system w i l l  require up t o  

2 kW o f  AC/DC power. The emergency mode o f  operation of the Support Module 

Systm requires approximately 1.1 kW. 

ONE CIRCUIT 

Figure 5.9.7-1 Manned Support Module Power 
Dis t r ibut ion System 
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5.9.8 Thermal and Environmental Control System and Emergency P a l l e t  

The baseline support module thermal control  and environmental control  system, 

shown i n  Figure 5.9.8-1 provides (1) atmospheric control  and pressurt tat ion 

gases f o r  the docked manned payloads, a i r lock  operation and f o r  the Support 

Module, (2) a i r  temperature control and vent i la t ion  f o r  the Support Module, 

(3)  cooling of support module equipment, (4) emergency venting capabi l i ty ,  

(5) emergency p a l l e t  f o r  crew support, and (6) thermal control  in ter face 

equipment f o r  the supply of cooled f l u i d  t o  the Orbi ter  and payload in ter face 

' ?at exchangers from the Power System central ized system. Figure 5.9.8-la 

presents the NASA referenced ower System central  i t e d  thermal control  system 

heat re ject ion capabi l i ty  versus the l i f e  science laboratory requirements 

f o r  build-up and growth periods. For the example, an autonomous module 

surface radiator i s  required added t o  the in4 t i a l  h a b i t a b i l i t y  module (or  

equivalent) unless the capabil i t y  of the Power System central ized rad iator  

i s  increased. Addit ional ly, laboratory module mounted radiators (or equivalent) 

are require as shown as growth continues up t o  39 kW. The Power System capab i l i t y  

would have t o  be increased t o  nearly 40 kW t o  meet the l i f e  science laboratory 

growth requirements f o r  the developed p ro f i l e .  

Another approach would involve requesting the central ized Power System radiator  

t o  be enlarged. More detai led in ter face and impact trades are required t o  

decide on the adv isab i l i t y  of t h i s  l a t t e r  approach, 

The emergency p a l l e t  provides the crew up t o  180 hours o f  support capabi l i ty .  

The u n i t  provides temperature control, hunidi ty  control,  C02 control,  food, 

water and waste management capabi l i ty .  The emergency p a l l e t  i s  s im i la r  t o  

tha t  o f  the NASA MOSC concept. A portable l i f e  support system (PLSS) was 

provided for spacesuit support. Two spacesuits are located i n  the a i r lock  

f o r  nornnl EVA. 
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Each docking por t  interface p la te  i s  proviaed two sets o f  in ter face Q.D.'s 

f o r  thermal control.  One set i s  provided for backup. Nitrogen and oxygen 

l i nes  are also provided a t  the support module interface p la te  a t  each 

docking port. 

5.9.9 - Manned Support Module Major Interfaces 

The manned support module major interfaces are shown on Figure 5.9.S-1. A 

c o m n  berthing interface was developed that  w i l l  accommodate the L i f e  Science 

Laboratory Module, Logist ics Module, and Orbi ter  a t  any of f i v e  berthing p o r t  

positions. The indiv idual  interfaces required by each module i s  shown on 

the l e f t  side of the figure. The Power System-to-support module i s  the only 

d i f f e ren t  interface as shown. The c o m n  berthing por t  interface conf igurat ion 

that  i s  recomnended i s  shown on the r i g h t  side o f  the f igure. 

MANNED PLATFORM SUPPORT MODULE - 
INTERFACE VARIETY 

w c c - e U b w . l r r  --- 

D Hutch (1) 
B Docklng System (1) 
b Data System Connector (1) 
B CBW System Connector (1) 
b Communlcrtlons Connector (2) 
' fleccMcrl Poww - 

Electrlcrl Power - 30 vpc cannector (1) 

120 VDC Conneetor (1) 

11Y2lM VAC 100 tlz (1) 
Atmorplmlc Supply and 
Pfeaaurltrtlon a.o.)r (2) 

0 Atmolphulc Intomhangm h u t  

Thermal Control System ab.'@ (4) 
Wutw Supply Syskm O.D.'r (1) 
Wutw Resupply  system^ d.B.'a (1) 
Waste Water TnnaCr System 

* a m i - -  

Att8chlmnt (2) 

O.D.'s (2) 

Common Dooklng Interlac@ 

Figure 5.9.9-1 Manned Platform Support Module Major Interfaces 
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The interfaces were developed considering that  (1) the Hab i tab i l i t y  Module 

contained the central water supply for  a l l  modules (except emergency water), 

(2) resupply o f  water from the Logist ics Module was transferred t o  the 

Habi tab i l i ty  Module, (3) Habi tab i l i t y  Module systems reprocessed waste water, 

and (4) the Habi tab i l i ty  Module provided the major C02 removal function f o r  

a l l  o f  berthed modules. 

5.9.10 Early Multi-Mode Platform/Laboratory 

~n early multi-mode platfom, shown i n  Figure 5.9.10-1 represents a compact, 

low-cost, platformjlaboratory wi th  l im i ted  experiment capabil i t ies. This 

Spacelab derived L i fe  Science/Materials Processing lab, w i th  a Manned 

Support Plodule (MSM), i s  berthed t o  the F i r s t  Order SASP. Payloads attached 

t o  the Power System are serviced by an EVA crewman, i n  support o f  the processing 

laboratory tes t  reqtiirements, during the sor t ie  mode. As a free-f lyer, the 

MSM provides a l l  subsystem support required t o  crmplete the experiment 

program u n t i l  the next Orbiter v i s i t .  Additional l i f e  science laboratory 

or matt- ia ls processing modules can be added a t  the other ports. 

Spacelab-Derived 
Life Science and Materiais 

Serviced or Replaced 
During Shuttle Dock 

Berthing Ports . 
EVA Airlock J 

Subsystems, and 

Figure 5.9.10-1 Early Multi-Mode 

3 30 

Support as Required 
for Mission 

(UNMANNED) 
FREE-FLIGHT MODE 

P 1 a tform/Labora tory  



5.10 PLATFORM WEIGHTS 

The weights presented i n  Table 5.10-1 were derived from subsystem equipment 

l i s t s  prepared with allowances added for secondary elements such as attaching 

parts, f i t t i n g s ,  and support structures. Based on the current level  o f  the 

platforms definit ion, a 25% contingency was added t o  achieve a projected 

estimate o f  what the hardware wolrld weigh when developed. 

The F i r s t  Order Platform weighs 3643 pounds. The Second Order Platform weighs 

13,054 pounds which includes the basic Second Order Platform weighing 9811 

pounds plus the F i r s t  Order Platform (3641 lbs) less the smaller adapter 

(400 lbs).  Addition of the t r a i l i n g  arm would increase the weight by 2551 

pounds and the deployable arms (2) would add 5214 pounds. 
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Section 6 
OPERAT IONS 

(Task 6) 

6.1 ON-ORBIT OPERATIONS 

6.1.1 Requirements 

The major SASP on-orbit operational requirements are shown i n  Table 6.1.1-1. 

These requirements must be sat isf ied f o r  a l l  platform configurations. Three 

major assembly options are avai lable to  the platform designers; (1) berthed 

Orbiter using Orbiter baseline equipment only, (2) berthed Orbi ter  using 

special handling equipment, and (3) remote assembly using a TRS type wehicle. 

Each candidate platform was analyzed t o  ident i fy required support equipment 

necessary to  comply t o  the basic operational requirements. On-orbit assenbly 

confined t o  use o f  base1 ine equipment rest r ic ted platform configuration and 

growth p t e n t i a l .  therefore, was not considered a viable candidate. Remote 

assembly using a TRS type vehicle and EVA becomes a cowlex  control problem 

involving greater crew r isk .  Since a technolo& -dvancement would be required 

t o  achieve control led berthing, the system was L~ considered a candidate. 

Addition of special hand1 ing equipmnt, such as a deployable berthing system, 

i s  the favored concept. 
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PLATFORH TO BE REMOVABLE FROM CARGO BAY USING RMS 

PLATFORM TO BE AUTOMATICALLY DEPLOYED AND VERIFIED 
PLATFORM TO BE DESICjJED CAPABLE OF ON-ORBIT RECONFIGURATION 
INSTRUPENT CARRIERS TO BE INSTALLED, REMOVED OR EXCHANGED 
USING SINGLE RMS 
BERTHING PROVISloMS TO BE INCORPORATED TO PLACE ALL 
PAYLOADS WITHIN RMS CAPABILITY 
ALL PAYLOAD CARRIERS TO BE EQUIPPED WITH UNIVERSAL 
BERTHING/UMBILICAL ECHANISM AND STANDARO RHS GRAPPLE F I T T I N G  

AND/OR ORBITER AS REQUIRED 
PERIODIC SERVICING AND MAINTENANCE TO BE PERFORKD BY EVA 
CREWNAN WITH ASSISTANCE OF RHS 
MAINTAIN A POSITIVE ATTACHENT BETWEEN ORBITER AND SASP 
DURING ASSEMBLY AND/OR SERVICING OPERATIONS 

PLATFORM ORBIT-KEEPING FUNCTION TO BE PROVIDED BY WUER SYSTEM 

Table 6.1 . l-1 SASP On-Orbit Operational Requirements 

6.1.2 SASP Operational Methods 

The four  basic operational categories are shown i n  Table 6.1.2-1. T h e  

primary requirement o f  any operational method i s  t o  access a l l  payload 

attach points on any given platform. This i s  t rue  for  i n i t i a l  attachment, 

payload removal and/or exchange, and for  experiment maintenance. 

possible solut ions are ident i f ied.  Early evaluations indicated tha t  thz  RMS 

would meet a l l  of the basic requirements w i th  mu l t ip le  ber th ing provisions 

incorporated a t  d iscrete locations on the Platform, enabling the Orb i te r  t o  

be positioned, as necessary, t o  maximize the  RMS capabi l i ty .  Recent program 

requirements l i m i t  the Orb i ter  t o  a s ing le rendezvous/berthing operation, 

thereby requi r ing tha t  a l l  payload locations be accessible f r o m  a s ing le 

posit ion. As a resu l t ,  the c u r r m t ,  favored operational method i s  using a 

s ing le RMS wi th  ro ta t i ng  and telescoping ber th ing mechanism. 

mechanisms are defined i n  Sections 4 and 5 of t h i s  report. 

Four 

The preferred 
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REOUIREMENTS 

0 EXPERIMENT INST&LLATIoN. REMOVAL. 
AND MAINTENANCE 

W L E S  LENS AND SENSOR$ AN0 Tc '5s 

PAYLOAD HANOLING 

0 VISI~ILITY OF PLATFORUVPAVLOAO 

N A  WtTN MRWS 

0 TRSISERVICER 

0 ST0 END EFFECTORlGRAPPIE FIXTURE 

0 SPECIAL DESlCNEO GR-E FIXTURE 

0 DIRECT VISION WITH EVA 

ATTAClUdENT O p i G G i i i  
0 N AT an= POINT 

0 PLATFORYMWNTEDNS 

0 GulM LlGMT 

0 SOFlWARE PROGRAM WITH SPECIAL EN0 EFFECTOR 

Table 6.1.2-1 SASP Operational Methods 

Consumable resupply and experiment reconfiguration i s  an important par t  o f  

the platform operations. Various methods are possible and the selected 

method w i l l  depend on the platform configuration and handling method employed. 

An EVA crewman equipped with the MMU w i l l  have increased mobi l i ty  t o  support 

the RMS operator and t o  transfer smaller items for experiment resupply and/or 

reconf i gurat ion. 

A standard handling method w i l l  be required t o  remove/replace payloads i n  the 

Orbiter cargo bay, and attach/remve payloads f r o m  the SASP. The RMS s td 

end ef fector and grapple f ix ture were selected as the standard system. 

A grapple f ix ture,  as defifled i n  the Space Shutt le System Payload Accomnodations 

Handbook #JSC 07700, w i l l  be required on each payload package. 

335 



The payload/SASP berthing at tach point  w i l l  not  be v i s i b l e  t o  the eye o f  the  

RMS operator attempting t o  pos i t ion the payload. Therefore, some type o f  

visual assistance w i l l  be required. The current favored concept i s  use o f  

TV cameras mounted a t  each bet-thing por t  incorporated i n  the design o f  the  

act ive interface mechanism. 

6.1.3 F i r s t  Order Platform Orbi ta l  Operation 

Payload po r t  options, number of payloads t o  be accomnodated,and the number 

o f  options avai lable f o r  loading selected experiments are l i s t e d  i n  Table 

6.1.3-1. Three Power System payload ports and one reserved parking po r t  i s  

the current ly  favored concept. 

viewing requirements wi th  no impact on the Orb i ter  o r  payload systems, 

however, pos i t ion ing payloads on the (+Y, -Y) ports of the F i r s t  Order SASP 

requires the Power System be berthed a t  Orb i ter  Sta Xo 550. As shown i n  

Figure 6.1.3-1, t h i s  pos i t ion i s  necessary t o  enable the Rf-6 t o  be deployed 

t o  a ver t i ca l  pos i t ion i n  order i ha t  i t  can be rotated 180" placing the end 

ef fector i n  the proper or ientat ion.  

by incorporation of a F i r s t  Order Berthing Adapter. This adapter interfaces 

wi th  the Orb i ter  Berthing System and the Power System and provides ro ta t iona l  

capab i l i t ies  a t  both interfaces. Each payload c.g., including a three-pal let  

payload can be assessed by the RI-6 wi th  the Power System i n  t h i s  location. 

Access t o  the (+Y)  por t  i s  not compatible wi th  the RNS capab i l i t y  w i th  PS i n  

t h i s  posit ion, without ro ta t i on  about STA Xo 550 o r  Xo 633. Section A-A, 

shown on Figure 6.1.3-2, i l l u s t r a t e s  two methods of access t o  both the +X 

port  and the ( + Y )  port .  Pa l l e t  access options are shown i n  Table 6.1.3-2. 

It appears tha t  t h i s  select ion sat is f ies the 

This forward pos i t ion  i s  accomplished 

Maintaining the Power System/Orbi t e r  o r ien ta t ion  along the ( X I  axis requires 

the ( + Y )  payload be rotated as shown. The R M S  may be able t o  access the 
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PAYLOAD PORT OPTIONS 

2 Payload Porlr (+ t  and + X )  
@us 2 Growth Options ( 2 Y) 

* 3 P . y l o a d P o r l s ( r Y a n d  +X) 
plus 1 Reserved Port ( + D 

4 Payload Ports 
(:Y, + & a n d  +a 

LOADING OPTIONS d 
Reserve + 2 Port for 

Second R M S  on Orbiter 

Temporary Payload Parking 

Researued Cargo Bay Space 

Orbiter Deployed Parking 
Platform 

Power System Deployed Parking 
System 

PS Mounted RMS 
N e w  Desiqn Manipulator 
( M 3  C U d s c l i i l C )  

COMMENTS 
MSFC Basdine 
Limited to (2) Axis Simultaneous Viewing 
Requires Remote Parking Provisions tor Payload 

Currently Favored 
Satisfies (3) Anis Simultaneous Viewing Reqmt 
Provides Parking Spa- During Payload Exchange 
N? Additional Equipment Requirement 

Exchange - 

~ 

Maximum Payload Accommodation 
Requires Remote Parking Provision for Payload 

Currently Favored 
No impact on Orbiter or Payload Systems 
No Additional Equipment Required 

Exchange 

Weight and Cost Penalty on Payload Systems 

Sacrifices Valuable Cargo Bay Space (One Space 

Possible Program Impact , 

Empty UP) 

Impact on Orbiter 
Weight and Cost Penalty on Payload 

~~ ~~~~ - Extreme Cost Penalty 
New Manipulator May Result in a Mini.RMS 
Design and Sollware Program 

Table 6.1.3-1 Power System Payload Ports and 
F i  r s  t Order Loadi ng Options 

Figure 6.1.3-1 F i r s t  Order Platform Orb i ta l  Operation/Pallet Access 
( - Y  Pa l le t )  
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payload without interference wi th  the X ax is  payload, however, the  angle of 

deployment may exceed the angular motion o f  the RNS and w i l l  make i t  

d i f f i c u l t  t o  t rans late the payload i n  a s t ra igh t  l i n e  t o  disengage the  

in ter face mechanism. 

i t  might not have been possible for  the RMS t o  access the CG thereby adding an 

undesirable load on the RMS mechanism. Rotating the Power System t o  the Orb i ter  (+Y) 

I f  a three p a l l e t  payload was berthed on the (+Y) port,  

axis as shown, enables the RMS t o  access the payloads, engageldisengage the 

in ter face and place i n  cargo bay w i th  minimum obstruction. 

desirable t o  employ both methods t o  access payloads, as a resul t ,  the  

rotat ional  requirement was added t o  the F i r s t  Order Berthing Adapter. 

addit ion, the rotat ional  character is t ics  o f  the RHS make i t  necessary t o  place 

the payload grapple f i x tu re  a t  a 45" angle as shown i n  Figures 6.1.3-1 and 

6.1.3-2. This locat ion minimizes impact on the payload conf igurat ion and 

enhances the R t S  operation both i n  the cargo bay and on the Platform. 

It appears 

I n  

6.1.4 F i  r s t  Order Basic Second Order P1 atform Trdnsi t i o n  

The Basic Second Order Platform t rans i t i on  shown i n  Figure 6.1.4-1 assumes 

that  the F i r s t  Order Platform, w i th  only three payloads, has been placed 

on o r b i t  by previous Orb i ter  f l i g h t ( s ) .  F o l l ~ w i n g  the deployment and ve r i f i ca -  

t i o n  o f  the Orbite. berthing system, w i th  f i r s t  order berthing adapter, the  

F i r s t  Order Platform i s  berthed t o  the Orb i ter  a t  the Power System (-Z) port.  

A f t e r  in ter face ver i f icat ion,  the RMS removes the (+X)  payload and places i t  

on the (+Z) parking port .  The Second Order SASP i s  then removed from the 

cargo bay and posit ioned on the Power System (+X)  parking port.  

Order SASP i s  then removed from the cargo bay and posit ioned on the Power 

System ( + X )  port. 

are ver i f ied .  

cross-arms are deployed and each o f  the SASP subsystems are ver i f ied .  

The Second 

With the RMS attached t o  the Second Order SASP the interfaces 

Following ver i f i ca t ion ,  the  RMS i s  stowed and the s t ructura l  

338 



(4 ,  *X P u L m  (4 ,  +x PALLET) 

4 

Pf  ( X )  A X I S  ORIENTED PS (V)  AXIS ORIERTED 

Figure 6.1.3-2 First Order Platform Orbital 
Operation/Pall et Access 
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RMS MODIFICATION 
Provide RNS Uppw Ann 

PmvideSecondRMS 
Roll crprbulty 

INTEGRATED BERTHtN01 
LOADING CAPABILITY IN  
POWER SYSTEM 

COMMENTS 

Table 6.1.3-2 F i r s t  Order P la t fo rm P a l l e t  Access 
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Figure 6.1.4-1 First-Second Order Transi t ion 

During t h i s  phase o f  the act ivat ion,  the 2nd order berthing mechanism remains 

stowed. Upon completion o f  the ver i f icat ion,  the Platform i s  released from 

the Orbiter. With the Orb i ter  s t i l l  i n  the v i c i n i t y ,  the  Second Order 

Platform Berthing System i s  remotely deployed and ver i f ied.  The Orb i te r  then 

prepares for the return t o  earth. During the in te r im Period, before the next 

launch, i t  may be necessary t o  deactivate and stow the payload placed on the 

PS (+Z) port .  Table 6.1.4-1 l i s t s  the p a l l e t  access options f o r  t h i s  configura- 

t ion.  

On a subsequent f l i g h t ,  the RMS captures the SASP and performs berthing operations 

t o  j o i n  the SASP Orb i ter  a t  the 2nd Order Berthing System interface. P r i o r  

t o  unloading the cargo bay, the berthing system rotates the Ot*biter i n t o  

pos i t ion f o r  the R t 6  t o  remove the payload stowed on the PS parking po r t  and 

reposit ions i t  t o  the plat form ( + X )  port. After, subsystem ve r i f i ca t i on  payloads 

are removed from the cargo bay and placed on the Platform. 
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OPTIONS 

0 $W/ORBIIER. WUL HUB, TELESCOPING 
BERTHINO ADAPTER 

0 PROVIOES INTERFACE YlTH ORBITEL 
BERTHING SYSTEM ( S F C  BASELINE 
SVSTEM) 

EWLES R)IS TO SERVICE ALL mms 
FROn A StNGLE BERTH POSITION 

To SERVICE PS 
0 PROVIDES ROTATIONAL CAPABILITY 

PROVIDES ACCESS TO ALL CROSS-AM 
PORTS fRON SINGLE BERTH 

0 UTILIZES 1ST ORDER BERTHING 
SYSTEM 

0 CLUSTER RELOCATE0 TO ACCESS PS 

0 H lLT lPLE BERTHING OPtRATlONS 

0 msT AND NEIGHT PEWTV on USP 

0 EWES ORBITER svsnw m SERVICE ALL ps AND SMP 

0 COWLEX DEPLOVHENT AN0 CONTROL SVSTEM 

SUBSVSTc)(s AND PAVLOAO INSTALLAT IONS 

0 ENABLES SINGLE DESlOl BERTHING SVSTEn FOR BOTH 1s AND ZnD 

0 COST All0 KlolT PEHALIY O!: PAVLMDS 
0 REQUIRES MODIFICATION to ORBITER 

onom P u T r n R n  

0 MV EXCEED CAPABILIIY OF RHS TO RELOCATE CLUSTER 
FOR PS ACCESS 

0 REQUIRE0 1ST ORDER AOAPTER to PROVlOE ROTATIONAL 
C A P d I  L I T  1ES 

0 PLACES PAYLOADS WITHIN REACH OF S I N g E  RMS 
a EXCEEDS CAPABlLlfy OF ORBITER RENDEZVOUS SVSTEM 
0 EXCEEDS CAPABILITY OF RMS TO WVE ORBITER FRMl PORT To PORT 

Table6.1.4-1 Second Order Platform Pa l le t  Aczess 

6.1 .5 Extended Second Order Pay1 oad Loading 

On subsequent f l i g h t s  the Second Order SASP i s  extended t o  accomdate a 

greater number o f  payloads and larger  payloads as shown i n  Figure 6.1.5-1. 

The increased size o f  the SASP places payloads obtside the capabi l i ty  o f  the 

RMS. The Second Order Berthing System, discussed i n  Sections4 and 5 o f  

t h i s  report, i s  used t o  place the Orbiter a t  discrete positions w i th in  the 

RMS reach envelope. 

using the RMS. 

The RMS can also reach the ( + Y )  por t  providing the payload i s  a s ing le p a l l e t  

design. A large payload shown requires the adapter t o  ro ta te  the Orbiter 

cldser t o  the payload CG. The outer ports are accessed by ro ta t i ng  and 

telescoping as necessary t o  place the Orbiter w i th in  range f o r  the RMS.  

i s  also necessary that  the cross arms be rotated 90°, as shown t o  reduce ',he 

RMS reach requirements. 

I n i t i a l  berthing i s  accomplished along the (X)  axis 

From t b i s  pos i t ion the RMS can reach the inner ( - V )  port. 

I t  

Payloads on the Power System are accessed by 
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ro tat ing the berthing system forward along the ( X )  axis u n t i l  the RHS i s  

wi th in  range of the payload. The payloads are to  be rotated 90' a f t  t o  

reduce the berthing system/Orbiter displacement. The 2nd order berthing 

adapter places ~ 1 1  payloads and PS suksystems wi th in  working range o f  the RPS 

with a s ingle Orbiter bet*thing operation, 

F i  gum 6.1 .5-1 Exterbded Second Order Pay1 oad Loading 

6.1.6 Alternate Second Order Platform Loading 

The physical characterist ics o f  the basic, and/or extended SeconC * fder  

P1at";'t-m places the payload outside the capab i l i t y  o f  a s ing le  RMS v i thout  

addit ional special equipment. An a1 ternate method of accessing large payload: 

on the Second Order P l a t i w m  i s  the i n s t a l l a t i o n  of a sac;o,nd a f t  mounted, RMS 

to  be used i n  conjunction with the F i r s t  Order Berthing $stem defined i n  

Sections 4 and 5. 
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The a f t  mounted RHS would attach t o  the starboard longeron a t  approximately 

Sta Xo 1220. The rotat ional  capabi l i t ies  o f  the F i r s t  Order Berthing System 

places the inner payloads wi th in  the range o f  the forward RMS and the outer 

payloads within range of the a f t  RMS. Access t o  the payloads berthed tr, the 

Power System requires the SASP be repositioned on the Orbiter. The forward 

R14s w i l l  be required t o  remove the SASP from the berthing adapter and t rans late 

the P* ' - i re c luster a f t  u n t i l  the Power System interfaces with the Orbi ter  

berthina system. 

wi th in range o f  the forward munted RKS. 

Rqtation o f  the berthing adapter places the (Y) *x is  payloads 

Additional study w i l l  be necessary t o  f u l l y  investigate the f e a s i b i l i t y  o f  

t h i s  alternate --?roach, i n  terms g f  RMS capabi l i t ies,  Orbi ter  modifications, 

cost, operatimu ! ,Tach envelope and procedures, c luster  control character ist ics 

etc. 

6.1.7 Ott,,r Operational Concepts Developed Early i n  Study 

The remainder of t h i s  on-orbit operations section presents a number . I. concepts 

developed gr io r  t o  the one selected and described p r i o r  t o  the one selected 

and described i n  6.1.3, 6.1.4, 6.1.5, and 6.1.6 j u s t  previously. These other 

concepts i ncl ude: 

0 A l l  deployable arm configuration. 

0 RMS plus double-el bow berthing mechanism. 

0 RMS plus mult ip le Orbiter berthing, 

0 Cross-arm - a l l  deployable, 

0 T r a i l  crm a l l  deployable. 

0 Reconmended platform - docking tow.-r only w i th  mul t ip le  placement. 
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6.1.7.1 A l l  Deployable Arm Configuration 

The on-orbit assembly sequence i s  shown i n  Figure 6.1.7.1-1. 

launch operations, the Orbiter berthing adapter and RMS are  deployed and 

veri f ied. The RMS removes the stowed SASP and prepares f o r  berthing o f  the 

Power System. Af ter  rendezvous, the RNS captures the PS and berths t o  the 

SA&. The interfaces are ver i f ied and the PS extension i s  deployed. 

the cross-arm sections are rotated and locked; however, they are not deployed. 

The center ( t r a i l i n g )  arm i s  deployed and the Materials Experiment Carrier 

(MEC) i s  removed f r o m  the cargo bay and positioned on the arm. 

Following 

I n i t i a l l y ,  

Figure 6.1.7.1-1 Reference Configuration On-Orbit Ass mblv  Sewewe 

On subsequent f l ights ,  the Orbi ter  berthing adapter i s  deployed and prepared 

f o r  reberth operations. After reberthing operations, the crosc.-arm sections 

o f  the Platform are deployed to  receive solar and/or ce lest ia l  viewing payloads. 

The MEC i s  removed and returned t c  earth. Additional f l i gh ts  de l iver  earth, 

celest ial,  and solar viewin5 payloads t o  maximvim capabi l i ty  o f  the SASP. 
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6.1.7.2 RMS Plus Double-Elbow Berthing Mechanism 

shown i n  Figure 6.1.7.2-1 i s  a candidate berthing/assembly concept using the 
- -  

Orbi ter  RMS and a double-elbow/double ro ta t ion  berthing arm. The berthing 

arm places the SASP overboard and clear o f  the cargo bay, providing f u l l  

RMS access t o  pdyloads. I n i t i a l l y ,  the Orbi ter  berthing arm and WP systems 

are launchef, deployed, berthed, and prepared for berthing w i th  the 25 kW 

Power Systm. Following rendezvous the PS i s  captured by the RPIS and berthed 

t o  the SASP. Af ter  checkout, the PS solar arrays are deployed and the platform 

arms are rotated, deployed.and oriented for payload berthing. The SASP 

rotary j o in t s  or ient  the berthing in+erfaces t o  add f l e x i b i l i t y  t o  .:% RMS. 

The ent i re  PS/platform assed ly  can be rotated t o  the opposite side . b the 

Orbiter t o  provide RMS access t o  a l l  elements o f  the Platform. 

f i p u r c  6.1.7.2-1 SASP On-Orbit ?perations (RtIS with Double-Elbow 
Rotating 3erthing Flechanis,n! 
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6.1.7.3 RMS Plus Mult ip le Orbi ter  Berthing 

Shawn i n  Figure 6.1.7.3-1 i s  a candidate berthing/assembly concept using the 

Orbiter RMS and the Power System berthing adapter. !n i t ia l l y ,  the Orbiter/PS 

berthing adapter i s  deployed and the stowed SASP i s  positioned on the adapter. 

Af ter  checkout and veri f icat ion, the SASP i s  berthed t o  the PS using the RMS. 

After  checkout o f  v i t a l  systems through the berthing adapter interface, the 

solar arrays are deploved and the platform arms are rotated i n t o  posi t ion and 

deployed. Pr ior  t o  removal of payloads from the cargo bay, the w4s repositions 

the PS/SASP t o  an appropriate berthing port  t o  p e n i t  access t o  the cargo bay 

and also t o  permit the RMS t o  posi t ion the payload pal lets. 

Figure 6.1.7.3-1 SASP On-Orbit Operations 
(RMS with Mu1 t i p l e  Orbiter Berthing Provisions) 

Subsequent f l i g h t s  are berthed as required to  place the Plat formwithin the 

RMS reach envelope. Large payloads may require the Orbiter t o  be positioned 

with the ent i re  assembly forward t o  minimize carno bay obstruction and 

RMS interference. Cross-arm placement of solar ur celestia'  payloads 
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may require the SASP/PS t o  be posit ioned 90" t o  the Orb i ter  center l i n e  t o  

maintain RMS capabil i ty. 

Sor t ie  f l i g h t s  w i th  Spacelab can be berthed t o  the Platform's support module 

since minimum RMS operation i s  required. The s o r t i e  d e  permits cr.ewmen 

t o  e x i t  Orb i ter  and take samples f r o m  SASP payloads i n t o  the Spacelab 

f o r  anal ys i s . 

Lack o f  ro ta t iona l  capab i l i t y  o f  the MSFC baseline PS berthing adapter 

r e s t r i c t s  the SASP configurations t o  avoid interference w i th  Orb i ter  t a i l  

section, cargo bay payloads and/or RMS reach envelope. 

6.1.7.4 On-Orbit Assembly Sequence - Cross Arm Concept 

As shown i n  Figure 6.1.7.4-1, i n i t i a l l y ,  the Orb i ter  berthing adapter and Rt4S 

are deployed and ver i f ied .  

the Platform i n  bteparation f o r  berthing t o  the Power System. 

rendezvous, the RMS captures the PS and pvforms berthing operations. A f te r  

ve r i f i ca t i on  o f  PS/SASP interfaces, the s t .  . ic tural  arms are deployed and 

ver i f ied.  Solar and/or ce les t ia l  viewing payloads are removed from the 

cargo bay and posit ioned on the cross-arm as appropriate fw viewing 

requirements. After ver i f i ca t ion  of a l l  la tch ing interfaces the Platform 

i s  released t o  o r b i t  . 

Following adapter deployment, the !?CIS posi t ions 

Following 

On subsequent f l i g h t s ,  the adapter i s  deployed and prepared f o r  reberthing 

operations o f  the Platform's system. Following rendezvous, the RMS captures 

the P l a t f o r m  and performs berthing operations t o  j o i n  SASP wi th  the Orbi ter .  

Af ter  ver i f icat ion,  payldads are removed from cargo bay and placed on 

P la t fo r i i i .  Following ver i f icat ion,  the Platform i s  released t o  o r b i t .  
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Figure 6.1.7.4-1 On-Orbit Assembly Sequence 
Cross-Arm Concept 

6.1.7.5 On-Orbi t Assembly Sequence - Tra i  1 -Arm Concept 

Following launch operations, the Orb i ter  berthing adapter and RMS are deployed 

and ver i f ied.  

f o r  berthing w i th  the o r b i t i n g  Power System. 

rendezvous phase, the R t 6  captures the PS and performs berthing operations. 

A f te r  ve r i f i ca t i on  o f  interfaces, the  Platform i s  deployed and ver i f ied .  

The RMS posi t ions the Platfonnon the adapter i n  preparation 

A f te r  completion o f  the 

The RMS removes the Materials Experiment Carr ier  (MEC) f r o m  the cargo bay 

and positions on Platform. A f te r  ve r i f i ca t i on  of interfaces, the Platform 

i s  released t o  o r b i t  . 

Subsequent f l i g h t s  de l i ve r  earth, ant i -ear th  and magnetic f i e l d  experiments 

f o r  i n s t a l l a t i o n  on the p la t form t r a i l i r l q  arm. Five such paylodds can be 

accommdated on the Platform. The sequence i s  shown i n  Figure 6.1.7.5-1. 
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F i  gure 6.1.7.5-1 On-Orbi t Assembly Sequence 
T r a i l  A r m  Concept 

6.1.7.6 Second Order Platform Act ivat ion - Docking Tower Only 

The platform act ivat ion sequence shown i n  Figure 6.1.7.6-1 assumes t h a t  the 

25 kW Power System has Seen placed on-qrbit  by a previous Orbi ter  f l i g h t .  

I n i t i a l l y ,  the Orbi ter  berthing system i s  deployed and veri f ied. 

rendezvous, the Power System i s  berthed t o  the Orbi ter  using the RMS. 

Af ter  ver i f i ca t ion  of the Power System and the PS/Orbiter interfaces, the 

SASP i s  removed from the cargo bay and berthed t o  the Power System along 

the ( X )  ax is .  With the RMS s t i l l  attached t o  the SASP, the PS/SASP 

interfaces are veri f ied. Following ver i f icat ion,  the RMS i s  stowed and 

the structural  arms are rotated i n t o  posi t ion and the te le fo ld  sections are 

deployed. 

uorthing mechanisms are ver i f ied and the Platform released from the Orbi ter  

Following 

Each of  the SASP subsystems, the latching mechanisms, and the 

:.:A p1 aced on-orbi t . 
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Figure 6.1.7.6-1 Science and Applications Space Platform, 
Second-Order Platform Act ivat ion (Cross- 
An11 Configuration) 

The i n i t i a l  f l i g h t  i s  dedicated tcj l e 1  i very  o f  the Platform only. The sl;e 

of the stowed SASP required the maximum length avai lable i n  the cargo bay, 

preventing del ivery  of any payloads or the i n i t i a l  launch. 

On subsequent f l i gh ts ,  the Orbi ter  berthing adapter i s  deployed and prepared 

f o r  rcberthing o f  the PS/SASP. 

PS/SASP and performs berthing operations t o  j o i n  the PS/SASP w i th  the Orb i ter  

a t  the SASP support module berthing port.  This berthing locat ion i s  

temporar;' l y  t o  load and unload cargo. From t h i s  berthing posit ion, the 

Orb i ter  RMS can reach the inner berthing ports on the +Y and -Y arms. To 

place a p a l l e t  on the inner port, the arm i s  rotated 90" about the "YI '  axis  

and ver i f ied.  Payloads are then removed f r o m  the cargo bay and placed on the 

Platform. When placing o r  removing a payload on the inner po r t  on the ( -Y)  

arm, the por t  must be brought w i th in  reach o f  the 15m long RMS. The arm i s  

Following rendezvous, the RMS captures the 
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f i r s t  turned 90" about the - Y  axis  and then rotated 45" t o  b r i ng  the ber th ing 

po r t  closer t o  the cargo bay. 

are removed f r o m  the cargo bay and placed on the Platform. Followinc, 

ver i f i ca t ion ,  the arm i s  returned t o  i t s  f l i g h t  posit ion. 

relccated t o  the PS/Orbiter ber th ing por t  f o r  the remainder of t he  Orb i ter 's  

s t a y t  i me. 

After ve r i f i ca t i on  o f  the  posit ion, F .dddS 

The Orb i te r  i s  then 

Posit ioning payloads on the outer ports of the cross arm requires the Orb i te r  

be berthed a t  those locations. Thic i s  due t o  the spacing requirements 

between experiments. These requirements exceed the reach capabi 1 i ty o f  the R E .  

Af te r  deployment of the Orb i te r  berthing mechanism, the  RMS captures the  

SASP and performs berthing operations to  j o i n  the SASP w i th  the Orb i te r  a t  

the outer berthing port.  This locat ion i s  temporary, only used t o  load or 

unload cargo. After ve r i f i ca t i on  of the interface, t he  RMS removes the 

payload from the cargo bay and places i t  on the Platform. A f te r  payload 

ver i f icat ion,  the Orb i ter  i s  reberthed t o  other p la t form por ts  t o  a l low 

placenent c f  addit ional payloads, o r  reberthed t o  the Power System f o r  the 

remainder o f  the Orb i ter  staytime. 

Sor t ie  f l i g h t s  w i th  Spacelab can be berthed t o  the PS/SASP, since minimum 

RHS operation i s  required. 

Orb i ter  and take samples from SASP payloads back i n t o  the Spacelab f o r  

analysis. 

The s o r t i e  mode permits crewmen t o  e x i t  the 

6.1.8 F i r s t  Order Platform Act ivat ion Timelines 

A cred ib le  low cost platform option consists o f  ear ly  payload deployment 

d i r e c t l y  wi th  the Power System. The viewing and configuration d r i ve r  analysis 

work reported i n  Task 2 (Section 3.0) established the need for  ( 1 )  payload 
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p a l l e t  standoff from the Power System t o  preclude pal let/payload c o l l i s i o n  

interference, and (2) p a l l e t  point ing freedom provided by the three pos i t ion 

arm gimbal (0 t90") and hinge. Freedom o f  payload movement i s  necessary t o  

assure reasonable payload viewing opportunities. 

Figure 6.1.8-1 provides a preliminary t imel ine estimate f o r  i n i t i a l  launch 

o f  the PS, the Reboost Module, and the Payload Serthing Structure arms. 

Current estimates indicate t h i s  would const i tute the f i r s t  launch element. 

Based on the F l i gh t  Scenario I - F i r s t  Order Platform (57", 400 km orb i t ) ,  

contained i n  Reference 6.A-1, the act ivat ion sequence i s  continued as shown 

i n  Figure 6.1.8-2. Review o f  the scheduled launch suggests tha t  i t  should 

be enlarged t o  include also payloads SPP-1 and SPP-2, Space Plasma Physics, 

Pal lets 1 and 2. The only effect o f  increasing the number of payloads launched 

would be a more cost ef fect ive payload scenario. Two items are worthy o f  

note. A t  the t ime of PS capture by the RMS the PS a l t i t ude  control system 

(CMG's) must be disabled t o  preclude unacceptable RMS d i f f i c u l t i e s .  

s imi lar  but reverse s i t u a t i m  w i l l  ex is t  a t  Orbi ter  departure; the PS 

a l t i t ude  control system must be reactivated.) The second i tem o f  in te res t  

tha t  w i l l  require further study i s  the need t o  delay experiment operation u n t i l  

(A  

the contamination leve l  decreases t o  an acceptable leve l  a f te r  

departure. This concern about contamination i s  shown again i n  

Preber thing a c t i v i t i e s  include shutdown and covering o f  s u s i t  

p r i o r  t o  Orbi ter  berthing. Not a l l  paylcads w i l l  require t h i s  

Orbi ter  

Figure 6.1.8-3. 

ve equipment 

prevent i ve 

measure; however, approximately ha1 f o f  the pay1 oads have expressed contamina- 

t i  on conce,-n. 

The requirements for  servicing and maintaining payloads w i l l  require fu r ther  

study as payload de f i n i t i on  i s  improved and payload service requirements can 

be translated i n t o  the need f o r  RMS and EVA operations. 

353 



A Launch - (Power System, Reboost Module, and SASP Arms) 

1 Open Bay Doors 
Prepare for PS Deployment 

a Deploy and Connect RMS to PS 

Release PS, translate to Berthing Position, and Berth 

install Reboost Module/Verify 

install SASP A ~ S  on +x, zy  

Verify Docking Interfaces (PL Simulator) 

Prepare PS for Ouiescent Mode 

69 Orbiter Separation 

-1 I 1 I I I I 
0 1 2 3 4 5 6 7 6 9  

Time. H r s  

Figure 6.1.8-1 F i r s t  Order Platform Act ivat ion 

A Launch (EO-1 and EO4 Payloads) 

Macro Rendezvous with PS 

Micro Rendezvous (CapturelBerth with PS) 
Checkout Interfaces, Deploy Arrays, etc. 

ES3 instail €0-1 Elements on AW~IY Boxes 

a Install €0-3 Payload 

crew Eat/Sleep 

Verify P; ,oad Support Sys Operation 

Prepare for Orbiter Separation W 
Separation A 

Orient for SASP Operation B 
Initiate Operation 

I I I I 1 1 I I I I I - A 2 4 6 8 10 12 14 16 18 20 22 % 
Time, His 

Figure 6.1.8-2 F i r s t  Urder Platqorm Act ivat ion (Continued) 
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A Launch (Orbiter and Resupply) 
Macro Rendezvous with PS 

lS Micro Rendezvous with PS (hd. -) 
Lp ShutddCover Sensitive !?*wmnts, Retract Arrays 
69 Checkout SASP-Orbiter Interfaces 

EsJ Remove and Replace Spend Cry0 lank($) 
Service and Maintain Payloads 

CrewEat/Sleap 
Verify Service/Operations 

6T1 Prepare for Orbiter Separation 
Separation 
&! Orient for SASP Operation 

lntiate Operation - Non Sensitive Payloads 61 
Uncover Sensitive Instruments and Resume Operation 

L I I I I A  I 

0 2 4 6 8 '  
I I I I I I A I  I 

Figure 6.1.8-3 Servicing V i s i t  for  Astronomy Payloads 

6.2 GROUND OPERATIONS 

6.2.1 Overview 

The capab i l i t ies  planned fo r  pre-launch operations re la ted t o  SASP include 

the f o l  1 owing : 

0 Checkout and processing o f  s ing le and mul t ip le  payloads. 

0 Checkout and processing of the Platform. 

0 Ver t ica l  and horizontal processing o f  the Platfom/payload combinations 

0 Special processing arrangements f c r  h igh- inc l inat ion o r b i t  launches 

out  o f  Vandenberg AFB. 

A key trade involved i n  planning KSC operations centers on the need f o r  

dedicated o f  mu l t ip le  Payload Processing Fac i l i t i es .  A key issue f o r  the  

Platform System i s  the advantage o f  closed-loop checkout and factory  vs launch 

s i t e  checkout. 
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A special 

provision 

i ncl  ude : 

services for payload i n  ground operations w i l l  be the centra l  

ng of payload car r ie rs  (pa l le ts ) .  Emerging concepts i n  t h i s  area - 
0 A d-dicated - KSC f a c i l i t y  for  processing a l l  platforms, pa l le ts ,  and 

payl oads. 

0 A TDY KSC team for  processing platforms and payload in tegra t ion  a t  

Vand2nberg AF9. 

KSC 

Figure 6.2.1-1 i l l u s t r a t e s  the a l ternate processing paths a t  KSC f o r  normal 

vs hazardolls payl oads. 

- 

0 INSTALL IN PIL BAV 
0 VERlFV INTERFACES g!@& 
0 FINAL CLOSEOUT --ad 

/ 
mc /- e- 

VAB 

0 PREPARE TO MOVE TO PPD 

LAUNCH PADPCR 411: cn 
0 CITE VERlrICAT&* A 

, NON-HAZARDOUS PAVLOAO 

Z POSY TRAhlSPORTATlON RfCElVlNGllNSPECTlON 
0 SUBSVSTEM TESTS 
0 ARMIRAOIATOR DEPLOYMENT 
0 INTERFACE VERIFICATION 

Figure 6.2.1-1 SASP KSC Ground Test F l o , ~  Options 
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6.2.2 Factory vs Launch S i t t  Checkout 

A t  the present tipie, i t  i s  our concept tha t  i s  meant i n  a one-step-two-step 

checkout sequence for successive platforms. 

a r t i c l e  produced would be checked out a t  the factoyy. Next the Platform, and 

I n  t h i s  concept the f i r s t  

the GSE would be shipped t o  KSC for  yre-launch checkout. Later platforms would 

be checked out only a t  KSC wi th the one set of GSE resident there. 

An a l l - fac to ry  checkout approach would incease t o t a l  f low time, increase 

cost f o r  dobble checkout and require tha t  the (-  

shipped back and fo r th  from factory t o  KSC. 

t e t  of GSE planned be 

The "KSC checkout a f ter  f i r s t  platform checkout" approach, wi th  adequate 

spares support would present no addit ional r i s k  over the factory/KSC 

checkout switchback approach, and the former would be less expensive, 

6.2.3 Closed Loop Checkout 

This area involves a major decision requirement (not addressed w i tb in  the 

scope of t h i s  study) as t o  whether end-to-end system test ing i s  required, 

being together the Payload Operations Control Center, the TRSS power system 

and platform simulators and the payload. 

Figure 6.2.3-1 i l l us t ra tes  some of the basic interface and checkoLc. relat ionships 

i n  prospect i n  t h i s  area. 

6.2.4 Element Flows 

Figure 6.2.4-1 i l l u s t r a t e s  the payload/carrier/platform flows including single 

PI type payloaCr as well  as mul t ip le  PI/payload assenhlages. 

6.2.5 Ac t i v i t y  Timelines 

Figures 6.2.5-1 through 6.2.5-4 present timelines of thz P l a t f v , n  f o r  viewing 
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payloads and the manned access module for crew-tended or operated L i f e  Science 

or Materials Processing payload laboratories. 

PAYLOAD "W 

PERFORMED IN PPF 
7. - OR EOUIVALENT HAZARD 

PAVLOAO 
EOUIPMENTAND I_ PALLET , ROUTE ONaRBlT SERVICE 

SUPPLIER 

A 2avloads Repmsent One 
i\llission "Load" of Four 
aevisits per Year per ?latfown. 
i.2:. "Load" for Spnng/1987/ 
si' llatfonn i?evisit . 

- 
Figure 6.2.3-1 PayloadlPlatform Interface 

Yerification KSC Ground Operations 

Figure 6.2.4-1 PayloadlCarrierlPlatfom Flows 
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ln 

Figure 6.2.5-1 SASP Launch S i t e  Operations 
Viewing Platform - Horizontal Flow 

t!- 

Figure 6.2 .5-2  SASP Launch S i t e  Operations 
Viewing Platform - Vert ica l  Flow 
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Figure 6.2.5-3 SASP Launch Site Operations 
Manned Support Module - Horizontal Flow 

Figure 6.2.5-4 SASP Launch S i te  Operations 
Manned Support Module - Vert ical  Flow 

360 



6.2.6 Dedicated vs k l t i o l e  Payload Processing Fac i l i t i es  

A l i s t i n g  of the features o f  each approach i s  given bslow. Our current 

concept favors the dedicated fac i  1 i ty  apprvach. 

Dedicated 

0 Central area for C/O o f  a l l  SASP's 

and payloads 

0 GSE permanently located 

0 Stable environment for C/O crew 

0 Ground Maintenance and service 

center continguous 

0 Paral le l  processing o f  payloads 

0 llumber o f  payload processed per 

year makes t h i s  approach economi- 

ca?ly  feasible 

Mul t ip le  

0 Paral le l  processing of payloads 

0 Autonomous control by P I  

0 Only pay for actual t i m e  f a c i l i t y  

i s  used 

0 GSE must be shipped t o  mul t ip le  

locations 

0 Risk damage t o  GSE because o f  

addit ional hand1 i ng 

6.2.7 KSC vs VAFB Checkout for VAFB Launches 

A l i s t i n g  o f  the feature of each approach i s  given below. VAFB checkout i s  

currently favored using a KSC TDY team. 

VAFB - KSC - 
e Centralized C/O areas for a l l  SAsP's 0 Less transportat ion handling o f  

and payloads f l i g h t  hardware 

0 Increased r i s k  of f l i g h t  hardware 0 Prelaunch C/O performed a t  launch s i t e  

damage due to  handling 0 Increased r i s k  of GSE hardware 

0 Increased r i s k  of faul ty component damage due t o  handling 

on o r b i t  

Figure 6.2.7-1 i l l us t ra tes  the PlatfoWPayload flow of operations a t  VAFB. 
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i 7 
Figure 6.2.7-1 SASP/Payload Flow a t  VAFB 

6.3 LOGISTICS AND MAINTENANCE 

6.3.1 Total Requirements fo r  Logist ics and Maintenance 

MDAC's approach t o  SASP Logist ics and Maintenance i s  t o  integrate requirements 

f o r  a l l  systems i n  the o rb i ta l  assembly and provide a s ingle capabi l i ty  f o r  

support. Taking an integrated approach t o  Logis t ic  and Maintenance w i l l  

provide cost benefits by el iminat ing redundant e f fo r t .  Delineating the 

Logist ics and Maintenance requirements for  each system w i l l  provide v i s i b i l i t y  

f o r  operational phase planning so tha t  ear ly  analyses and designs can be 

focused on minimizing operations and support costs and resource requi rements. 

Figure 6.3.1-1 defines the envelope o f  requirements and major impacts i n  

prospect i n  t h i s  area. 
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PALLETS - - AVAI AccoMMwlAnONS W LITV } T U R N A W N O }  WlLOUP 

0 W R  IMPACTS 

awwuim TERRESTRIAL RESOURCE REWIREMENTS 
0 LSTA8LISHING FACILITY REOUIREMENTS 

GOAL: MINIMUM NEW OLOICATED FACILITIES 
\ # 

MINIMUM OP€RATlON AND SUIIORT 

Figure 6.3.1-1 Total Requirements for Logist ics and Maintenance 

6.3.2 Emerging Concepts 

Three levels o f  support are anticipated, namely, o rb i ta l  , te r res t r i a l  

launch si te,  and te r res t r i a l  (offsi te). Logist ics and Maintenance r! sign 

support for experimenters i s  also planned. Scheduled servicing and maintenance 

w i l l  be driven by a p r i o r i  payload requirements, f o r  example: tape and laser 

dye change, replenish cryogens, modifications, and cal ibrat ion.  

Dynamically scheduled service and maintenance w i l l  a lso be driven by 

a poster ior i  payload/platform/PS requirements, such as battery removal and 

replacement. Prefl ight tasks for Logist ics and Maintenance w i l l  include: 

e Determination of mission tasks - scheduled and unscheduled 

e Assessment of c r i t i c a l i t y  to determine v i s i t a t i o n  requirements/opportunities 
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0 Assembly o f  resources and load logist ics/mintenance module 

0 Training o f  crew f o r  spec i f ic  logistics/maintenance mission tasks 

0 Placement of logistics/maintenance module i n  Orb i ter  and load cryogens 

i f  required 

6.3 .3  Power/SASP Interfaces 

The Power System L&M requirements are complementary with the SASP L8M 

requirements. MDAC recomnends in tegrat ing these requirements t o  el iminate 

dupl icat ion o f  e f f o r t  t o  save L&M costs. 

Interfaces between the two systems include: 

0 Piggy-back Power SystemlPlatform L&M tasks fac 

0 Power System/Platform/Payload L&M missions comp 

and crew tasks. 

0 Task integrat ion very cost effectide. 

1 i t i e s  , resources. 

ementary i n  resodrces 

0 Integrated planning w i l l  be e f f i c i en t  f o r  integrated log is t ics ,  

t ra in ing, and maintenance programs. 

6.3.4 Redundant Design Versus Orb i ta l  Maintenance 

This trade could resu l t  i n  major cost savings. The selection c r i t e r i a  

includes t o t a l  cost, cost t o  whom, safety, operational 1 i f e  expectancy, 

c r i t i c a l i t y  o f  recoverabi l i ty  from malfunction, potent ia l  comnonality o f  

tools and t r a i l i n g  wi th  other maintainable system o r  shut t le  elements, 

exploi tat ion of periodic shut t le  v is i t s ,  and impact on i tem design f o r  

optimal performance. 

6.3.5 Capabil i t ies f o r  Service and Maintenance 

The overal l  Service and Maiptenance capabi l i t ies  include Terrest r ia l  and 

o rb i ta l  resources, techniques and planning. The major task i n  def in ing 
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such capabi l i t ies w i l l  be t o  emp oy as much SfS present and planned capabi l i ty  

as possible t o  avoid excessi ve addi ti anal operational costs. 

the t e r r e s t r i a l  capabi l i t ies  include o r b i t a l  hardware acquisit ion, scheduling 

resource del iver ies f o r  launch, integrat ion locations, and experimenter 

support during design. The o r b i t a l  capabi l i t ies  include crew capaMli t ies,  

Shuttle capabf l i t ies such as RE, MMV, and tools, plus overal l  v i s i t a t i o n  

opportunities. 

6.3.6 Oesign Assistance 

Design assistance w i l l  be provided by the platform contractor t o  experimenters 

t o  assure that  experiments can be serviced and maintained i n  o r b i t  safely 

and economical ly. 

The options i n  such a service include a design manual, design consultants, 

both o r  none of the above. The selection c r i t e r i a  f o r  such decisions 

include costs, safety, and serendipitous benefits. The impacts In the above 

options are as follows: 

0 Cookbook should be inexpensive and helpful i n  f i f t y  percent o f  the cases. 

0 Consultants should be helpful i n  most cases, could be expensive 

requires special kind o f  individual. 

0 Combined approach should solve a l l  problems and reduce requirements 

f o r  many consultants. 

0 STS payload accomnodations handbook might be suf f ic ient .  

6.3.7 Accomnodation i n  Minimum Terrestr ia l  F a c i l i t i e s  

I n  long duration programs such as the Platform, t e r r e s t r i a l  f a c i l i t i e s  f o r  

log is t i cs  and maintenance can be a cost burden. Minimizing base f a c i l i t y  

requirements substantial costs sar ,rigs can be accrued. 
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Candidate solutions include dding a l l  a t  KSC, doing a l l  a t  platform contractor, 

o r  doing pieces here, there and everywhere. The trades involved include 

such considerat iws as the fac t  tha t  KSC space i s  expensive, the plat form 

contractor might need new and o r  modified f a c i l i t i e s ,  o r  tha t  the payload 

contractor doesn 't have capnbi 1 i ty. One good candidate so lut ion may be 

as follows: 

0 Platform contractor performs planning function 

0 KSC f o r  f i n a l  integrat ion only 

0 Platform contractor does subintegration on p a l l e t  on 90 percent o f  

the equipment 

0 Payload contractor and/or sponsor does alignment and ca l ib ra t ion  o f  

sensors (payloads) and c e r t i f i e s  . 
The benefi ts o f  t h i s  approach include no new f a c i l i t i e s ,  no f a c i l i t i e s  

modifications, and everyone using t h e i r  special capab i l i t ies  as opposed t o  

t ra in ing  unintimidated groups. 

6.3.8 Example Accommodations i n  L&M f o r  SIRTF Payload 

LPlM requirements w i l l  e i f f e r  f o r  each payload. 

contractor w i l l  optimize the L&M approach for each payload based on a trade 

analysis. This technique w i l l  be t o  analyze the speci f ic  requirements and 

I n  the actual program the Platform 

screen the L&M capabi l i t ies  of the experimenter; MDAC, NASA, and other 

support contractors t o  formulate an optimum approach f o r  each payload. 

For the SIRTF, requirements f o r  L8M would include (1) design assistance 

making opt ical  element changeable i n  o rb i t ,  (2) stocking various opt ica l  

other payload elements for spares and modification, and (3) cryogens and 

consumables support such as te r res t r i a l  del ivery schedule, accomnodation 

M&S modules, and on-orbi t changeout and hand1 ing. 
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Candidate solutions may include design assistance such as S&M design manual 

and design consultants (or both), mult ip le configuration L&M modules ( ta i lo red  

t o  task) , stocking (platform contractor f o r  payloads o r  payload contractors 

for themselves) and cry0 and consumable support (platform contractor does 

f o r  everyone, payioad contractors co for themselves, o r  NASA does for a l l ) .  

Trade aspects would include cost, f a c i l i t y  requirements, smooth work flow, 

L&M module capabi l i ty  range. One good solut ion f o r  SIRTF may include: 

Design consultant f o r  opt ica l  replacement - goes r i g h t  t o  essence o f  

problem and solves. 

S m a l l  L8M module - f u l l  cargo bay. 

Payload contractor supplies opt ical  elements - he has them i n  h i s  lab. 

Platform Contractor supplies a l l  consumables except cry0 - he i s  doing 

i t  f o r  everyone. 

NASA provides cry0 - they have the plant. 

I n  support of such a c t i v i t i e s  the platform contractor performs integrat ion f o r  

fl igh:', management o f  resources, establishes crew t ra in ing  requirements, and 

NASA would perform crew training. 

6.3.9 Service Module 

There are various concepts being considered for t h i s  function as indicated i n  

Figure 6.3.9-1. The configuration w i l l  be selected a f t e r  a thorough study o f  

the needs o f  a l l  elements t o  be serviced. Figure 6.3.9-2 i l l us t ra tes  the f l o w  

o f  a c t i v i t i e s  envisioned f o r  such a service module. 

6.3.10 In-F1 igh t  Experiment Modifications 

L i t t l e  data exists on the potential f o r  maintenance o r  refurbishment f o r  candi- 

date platform payloads. However, the fol lowing esti i rate o f  such a c t i v i t y  f o r  

a number o f  payloads has been developed for reference purposes. See Table 6.3.10-1. 
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@ SPACELAB 
PALLET 

@ ROCKWELL'S 
COMPACT PAYLOAD 
CARRIER ICPC) 

@ OVER-TUNNEL 7 
POWER SYSTEM TYPE 

@ MODIFIED PAM-D 
CARRIER 

Figure 6.3.9-1 Serv ice  Module Options 

FLIGHT MAINTENANCE 
AND PLATFORM MAINTENANCE 

Figure 6 . 3 . 9 - 2  Platform/Payload blaintenance and Servic ing  
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Table 6.3.10-1 In-F1 igh t  Experiment Modifications 

The fol lowing are examples of typical  on-orbit experiment modifications. 

EXPERIMENT CHAN 
* 

0 EXAMPLE NO. 1: SP-3, Lyman Alpha/Whitc\ L ight  Coronagraph 
1 HARDWARE CHANGES REQUIRED I (-1 

Increase Wavelength 
Select i v i  t y  

Increase Wave1 ength 
Range 

Increase Magnification 
of Solar Disk 

Add Additional F i l t e r .  Perhaps Once 
May Require New F i l t e r  Assembly During the 

Mission 

Add Additional F i  1 ters  
May Require New F i l t e r  Assembly 

Perhaps Once 
During the 
M i  ss i on 

Replace Optics 

(Potential Maintenance Areas) 

0 F i l m  Transport Mechanism 

0 F i l t e r  Wheel 

0 EXAMPLE NO. 2: SPP-4, Plasma Diagnostic Package 
(The Probabi 1 i ty that Changes W i  11 
be Requested i s  S m a l l )  

Extenq ion o f  Energy 
Range system 

Modification o f  Oetector 

Perhaps Once 
Ouri ng the 
Mission 

Once i n  
3 Years 

(Potential Maintenance Areas) 

0 No Real Problem Areas 
0 Failure o f  Electronic Componeots, Par t icu lar ly  High Voltage 
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EYMLE NO. 3: R-13, l i d a r  Temperature Sensor 

Increased Vert ical Replace o r  Modify the Laser Once Per 
Res 01 u t i  on Two Years 

As State-Of- 
The-APt Increases 

Increased kaskrement Replace o r  Modify the laser, and OncePer Two 
Accuracy Modify High Voltage System Yens 

Increased Measurement Replace Optics. Also Replace Once Per Two 
Sens i t i v i t y  Detectors with Lower-Noise Years 

Detectors 

(Potential P-? lntenance Areas) 

0 Laser F a i l u p  (Likely)  

0 Fai lure o f  High Voltage Components (Likely) 

0 Degradation o f  Optics, Requiring Replacement (Likely)  

0 General Maintenance, Cali  bration, and Alignment Adjustments Required 
(Probably Once a Month, but Dependent Upon Duty Cycle) 

0 Degradation o f  Detectors 

EXAMPLE NO. 4: Lamar 

Incrrased Spatial 
Resol u t i  on 

Increased Energy 
Range 

Increased Energy 
Resolution 

Replacement o r  Major Modifica- 
t i o n  o i  Detector Array. Also, 
Increased Stabi 1 i ty and Point ing 
Accuracy Requirements 

Probably Reqvires Only Minor 
%di f i ca t ion  o f  the Electronics 
Unless a Major Increase i n  
Energy Range i s  Requested 

Modification o f  Data 
Processing Electronics 

(Potential Maintenance Areas) 

0 No Real Problem Areas 

Roughly Once 
Per 3 Years 

Roughly Once Per 
3 Years 

Roughly Once Per 
3 . ‘ars 

0 General Preventive Maintenance, and Cal ibrat ion (Probably Each 6 Mo.) 
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0 EXAWL€ bso. 5: AST/TEL 
Increase Sensi t i  v i  ty 

Increase Capability t o  
Study Specific S t a r s  i n  
Detai 1 

Increase Spectral 
Resolution 

0 Replace Mirror with One o f  
la rger  Diameter. Possibly 
Replace Entire Optic System 

c Replacement of Detectors 
wi th  Lower-Wofse Detectors 
as State-of-the-Art 
Increases 

Increase Pointing Capabi l i t ies 
(Angular Range, Accuracy, 
Integration Time). Replace 
o r  Upgrade the Pointing Systeui 

Add Additional Detectors 
and F i l t e r s  

(Potential Maintenance Areas) 

a Alignment of Optical System 

a Detector Degradation 

Roughly Each 
3-4 Y e a r s  

Roughly Each 
3-11 Years 

Once Per Year 

a Pointing System (Failure; or Degradation i n  Pointing Accuracy, S tab i l i t y )  

0 Extreme Sensi t iv i ty  to  Vibration 
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6.4 EXTRA-VEHICULAR ACTIVITY* 

6.4.1 EVA - A Routine Service t o  SASP Payloads 

We have come t o  a point  i n  the United States space program where EVA i s  an 

acceptable, qua l i f i ed  a c t i v i t y  for  support o f  on-orbit  payloads. EVA 

support f o r  SASP s c i e n t i f i c  experiments w i l l  be provided during rout ine 

periodic v i s i t s  of Shutt le t o  the Power SystedSASP f a c i l i t y .  During these 

v i s i t s  i t  i s  anticipated that  EVA w i l l  also be used f o r  maintenance and 

servicing o f  the basic PSISASP fac i l i t y ,  thus d is t r ibu t i r lg  the costs across 

the f a c i l i t y  and payload. 

Figure 6.4.1-1 i s  an a r t i s t s  concept showing the Power System and SASP docked 

t o  the Shutt le wi th  an EVA crewman performing EVA i n  the v i c i n i t y  o f  one o f  

the SASP payloads and assisted by the Shutt le Remote Manipulator System (RMS). 

I n  the various u t i l i z a t i o n  modes available, EVA i s  a feasible a l ternat ive t o  

remote operations for sat is fy ing a l l  anticipated experimenter on-orbit  

support needs. 

EVA w i l l  be performed by astronauts intensively t ra ined i n  EVA basics and 

practiced on the EVA procedures for each specif ic mission. Normally two 

o f  the astronaut crewmen on each Shutt le f l i g h t  w i l l  be EVA trained. 

.,.4.2 EVA Req3irements Prospects 

Many SASP operations are candidates for  EVA implementation. Some o f  the more 

v i t a l  ones are l i s t e d  below. 

0 F i l m  dnd Tape Replacement 0 On-Orbi t Haintenance (Scheduled and 

0 Focal Plane Instrument Exchange 

0 Subsys tern Equipment Exchange 

0 On-Orbit Checkout 

Unscheduled) 

0 Pay1 oad Depl oymen+lRetrieval /Exchange 

0 GaslCryogen Replenishment 

0 Observation/ Inspection of Experiments 

* A br ie f ing on t h i s  material was developed and presented t o  the platform user 
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0 Experiment Cal ibrat ion/Al  ignment e Contingency Operations 

Arrliable r t  Periodic (Quarterly) I 
visits 
EVA Is a Malum T e c ~ ,  
AvailaMs In Vrrlous Modes 
Can Support All Known 
Exparimenter Noads 
Broadly Shared Cost8 
Trained Astronauts Avallable 
Cost EhtcWe Compared with 
Alternatives 

Figure 6.4.1-1 EVA - Routing Service t o  SASP Payloads 

These options span the range of possible ways of achieving SASP operational 

requirements, including EVA. The options considered f o r  each o f  the operational 

requirements are as follows: 

0 Remote Control from AFD Panel 0 RMS w i th  EVA Assist  

0 Remote Control f r o m  Ground 0 EVA Crewman on MRWS attached t o  

0 RMS Controlled by Crewmen RMS Boom 

0 TRS Operated from 7 t D  0 EVA Crewman on MMU 

0 EVA Alone 

Four of the options u t i l i z e  EVA, e i ther  alone o r  i n  combination wi th  other 

devices such as the RMS, FlRWS, and MW. Each of these EVA modes has both 

advantages and 1 i n i i  ta t ions which are sunmarited below. 
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E VA 

Prebreathing Time 

Produces Contaminants 

Protective Design o f  Payloads 

and Subsys tems 

Scheduling t o  Avoid South 

At lant ic Anomaly 

Additional Consumables 

Two Crewmen Required 

mws 
Development Status Uncertain 

RMS Unavailable for Other 

Func t i ons 

RMS 

0 Limited i n  Reach 

0 Grasping Fixture on Manipulated 

Objects 

0 Special End Effectors f o r  Non- 

Standard Operations 

0 RMS may be Otherwise Employed 

w 
0 Weight and Volume i n  Cargo Bay 

0 Requires Attachment F i t t i ngs  

on SASP/Payl oads 

- Figure 6.4.2-1 i l l u s t r a t e s  the manned-accessibility designed i n t o  the central 

support motule of the Plat form. 

Platform Design Goal: 
10 Years Life with 
Preventive and 
Contingency Maintenance 

Cockpit Tool Kits 
Applied and Specialties 

0 Basic Orbiter EVA and 

*JHICINAL PAGE IS 
OF’ POOR QUALITY 

Figure 6.4.2-1 EVA Servicing of P lat form Support Module 
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6.4.3 EVA Parameters 

The major EVA parameters which must be considered i n  trade studies are sumarized 

i n  the boxes i n  Figure 6.4.3-1. The crew/mission t i m e  parameter i s  important 

i n  assessing t i m e  required for par t icu lar  EVA applications. I n  a l l  o f  the 

:',A modes two crewmen must be suited even though only one may be act ive ly  

employed. The 3 hour prebreathing t i m e  i s  a NASA specified duration as i s  the 

l imi ta t ion t o  6 hours/day, although the s u i t  ECS system also l i m i t s  a 

par t icu lar  EVA sojourn t o  approximately 6 hours. Suite drying time i s  

C I  :luded here since i t  may d ic ta te the minimum time between EVA sojourns. 

CREW/MISSION TIME 

0 2 EVA CREWMEN; 3 IF RMS USED 
0 3 HOURS PREBREATHING OVERHEAD 
0 EVA LIMITED TO 6 HOURWDAY 
0 PRE- AND POST-EVA OVERHEAD TIME 
0 SUIT-DRYING TIME 

DESIGN 

HANDRAILS AND RESTRAINTS 
DESIGN FOR EVA SAFETY 
PROTECT INSTRUMENTS FROM EVA CONTAMINATION 
DESIGN COMPONENTS FOR EVA HANDLING 

Figure 6.4.3-1 EVA Parameters 
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U t i l i z a t i o n  o f  EVA does impose some design constraints, both on the SASP 

platform and the attached payloads as indicated i n  the box a t  the bottom 

o f  the page. 

6.4.4 EVA Considerations f o r  Cryo-cooled Piwloads 

Two pri,*ary areas o f  potential EVA support i n  these types of payloads are 

sensor and cryogen/repl acement. Sensors and coolant are untimely integrated 

i n  these type of payloads. Therefore, i f  periodic sensor replacement i s  

desired, specif ic EVA access t o  and simple provision f o r  coolant surface 

decoupling and removal af sensors i s  required. The l a t t e r  may increase the 

challenge of providing extremely low temperature cooling; however, the cost o f  

such a feature must be traded against the level  o f  in terest  i n  exchanging 

sensors. EVA i s  f e l t  t o  be more appropriate than RMS removal o f  such c r i t i c a l  

eq u i  pmen t . 

Conversely, the replacement o f  depleted cryogen tankage i s  current ly f e l t  

t o  require remtely-control led operations such as RMS o r  automated cartridge- 

type tank replacement, wi th EVA monitoring and selective assist  i n  preparation 

o r  securing steps such as remove1 and replacement of leak-proof enclosures 

around remtely-control led coup1 ings. 

6.4.5 Emerging SASP EVA Concept 

The EVA concept which i s  developing f o r  SASP operations recognizes that EVA 

i s  a qual i f ied candidate, but only one of several which must be considered. 

It i s  perhaps the only method for backup performance of operations i n  which 

the primary method f a i l s ,  such as re t ract ion o r  deployment o f  appendages. 

(See Figure 6.4.5-1 .) 
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ASSESSMENT 
EVA I S  A QUALIFIED CANDIDATE FOR CONDUclING ON-ORBIT PAYl3AD 

0 N A  REQUIRES MORE CREW TIME AND MORE CREW TRAINING 
EVA IMPACTS PAYLOAD DESIGN SlGNlFlCANflY 

SUPPORT FUNCTIONS 

PRELIMINARY CONUUS IONS 
0 EACH SPECIFIC OPERATION MUST BE ASSESSED EARLY SO THAT DESIGN 

IMPACTS CAN BE INCORPORATR) 

EVA CAN BE BENEFICIAL IN MPERIMENlIPAYlWD EXCHANGE OPERATIONS 
0 EVA BESl MnHOO FOR MOST BACKUP CONTINGENCY OPERATIONS 

Figure 6.4.5-1 Emerging SASP EVA Concept 

6.4.6 EVA by Skylab Crew - Key t o  Hission Success 

The difference between planned Skylab EVA (29 man-hours i n  6 EVA periods) and 

actual EVA (82.5 man-hours i n  10 EVA periods), as shown i n  Figure 6.4.6-1 

i l l us t ra tes  not only the effectiveness o f  EVA, but also i t s  f l e x i b i l i t y .  

Most o f  the 13 unplanned in - f l i gh t  repair  tasks were performed a t  locations 

where workstations had not been prov'ded, t o  which pre-planned translat ion 

paths were not available, and a t  which crew and equipment rest ra in ts  were 

non-existent. 

Deployment of the OWS solar ar ray and thermal shield, as well  as i ns ta l l a t i on  

o f  the rate gyro package, a re  dramatic i n  tha t  fa i lure t o  accomplish any one 

o f  them could have meant loss of the mission. O f  almost equal significance, 

however, are the unplanned EVA tasks which saved numerous experiments f r o m  

early fa i l u re  and contributed t o  the sc ien t i f i c  success of the mission. 

The i l l us t ra t i ons  on the next two pages depict Skylab locations where major 

EVA ac t i v i t i es  were performed. 
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3 
I 
I 

ieduled EVA-29 Man-Hours (6 EVA Periods) 
rTM Film Retrieval 
lo 24 Sample Retrieval 
,230 Collector Retrieval 
bcheduled EVA-53.5 Man-Hours (10 EVA Periods) 
leploy OWS Solar Array 
leploy Twin-Pde Thermal Shield 
istall Rate Gyro Cable 
iepair Charger Battery Regulator Module (CBRM) 
iepair S193 Antenna 
leplace S082A Film Magazine 
lecure SO54 and 5082A Aperture Door Open 
lepair SO54 Filter Wheel 
:lean SO52 Occulting Disc 
istall and Retrieve Samples 
istall and Retrieve S149 Experiment 
istall, Operate, and Retrieve TO25 S020, and 
,201 Experiments 
iemove SO55, SO%, and S082A Ramp Latches 
lbtain Tempera!ure of SO20 Experiment 
Extra Mission Objectives 
n-Flight Repair Tasks 

Figure 6.4.6-1 EVA by Skylab Crew - Key t o  Mission Success 

6.4.7 EVA Equipment - Extravehicular Mob i l i t y  Uni t  (EMU) 

Figure 6.4.7-1 i l l u s t r a t e s  some cf the  equipment comprising the  Shut t le  EVA 

capabi l i ty .  The Shutt le EMU, i l l u s t r a t e d  on the facing page, i s  an 

anthropomorphic pressure s u i t  continuing i t s  own back mounted l i f e  support 

system. Compared wi th  some e a r l i e r  suits,such as the  Gemini su i t ,  an 

umbil ical i s  not  required. Not shown i n  t h i s  i l l u s t r a t i o n  i s  the L iqu la  

Cooled Vent i la t ion Garment which i s  worn under the basic pressure su i t .  

The Shutt le a i r lock  through which the EVA crewman ex i t s  and enters the 

Shutt le pressurized middeck, may be mounted inside the crew compartment o r  

external i n  the payload bay attached t o  the forward bulkhead. 

equipment i n  the payload bay includes handrai ls for t rans la t ing  t o  various 

payload bay locations, l i gh ts ,  TV cameras, E V A  tools,and the Shut t le  Remote 

Manipulator System ( R E )  which i s  discussed i n  some de ta i l  l a te r .  

Support 
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M w w  and 
Control Module 

Communications 

Urine Collection 

-rl 
Oxygen 
Pack 

Figure 6.4.7-1 EVA Equipment - Extravehicular Mobi l i ty  Unit (EMU) 

Two EMU'S are carr ied on each Shutt le f l i g h t .  They w i l l  o rd inar i l y  be used 

by the P i l o t  and Mission Special ist,  both of whom w i l l  have extensive 

t ra in ing  i n  EVA. The EMU can support 6-hours continuous EVA a t  an average 

metabolic ra te  of 1,000 BTU per hour. Sui t  pressure i s  nominally 4 ps i  

and thus wi th  a 14.7 psi  Shutt le cabin prebreathing o f  approximately three 

hours i s  required. Following a 6-hour EVA the s u i t  can be recharged i n  

one hour. 
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6.4.8 EVA Equipment - Manned Manev er ing Unit (MW) 

The MMU i s  a propulsive modular backpack device used wi th  the Shutt le EMU 

t o  provide EA working range and access ib i l i ty  beyond the reach capabi l i t ies  

o f  the RMS. As i l l u s t r a t e d  and described i n  Figure 6.4.8-1, the MMU i s  

designed t o  interface with the Et:llJ and as such i t s  continuous operating t i m e  

i s  constrained by the 6 hour per EVA l i m i t  o f  the EMU. To a large extent the 

EMU i s  a self-contained work s tat ion since i t  provides worksite l ight ing,  

out lets for  power tools if needed, and a capabi l i ty  for automatic a t t i t ude  

hold a t  the work station. However, i f  large forces and torques must be 

exerted a t  the work station, additional worksite rest ra in ts  must be provided. 

The MI4U w i l l  be flown only on thoie Shuttle f l igh ts  where i t s  u t i l i z a t i o n  

has been planned pre f l igh t .  One or two MbIU's can be carr ied and they are 

stowed i n  the forward part of the payload bay on the por t  and starboard sides. 

CHARACTERISTICS 

0 Development Status Pmductlon 
0 Weight 240 Ib 

Propulsion: Noncontaminating OIY ON2 
,,m,,,,,, Control: 8 DOF Manual Translation m d  Rotatlm 
CUItIUlW Automatic Attitude Control 

Power: 2-28 VDC Outlets 
Lighting: Two Spot Worklights 

PERFORMANCE 

0 Day or NIght Operation 
Rotation Acceleration: l o o  per see2 

0 Translation Acceleration: 0.3 FPSZ 
0 Normal Operating Range: 3or) 11 

Velocity: 1-5 FPS 
0 Arms Fold Down for Clearance 
0 Donning Requires C 10 Minutes 
0 Untelhered Translation 
0 Can Transport Packages of Several Hundred 

Pounds MMU Donned 

Figure 6.4.8-1 EVA Equipment - Manned Maneuvering Unit (MMU) 
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6.4.9 EVA Equipment - Open Cherry Picker MRWS 

Manned Remote Workstation (MRWS) i s  a generic term f o r  a family o f  manned 

work platforms, the f i r s t  of which i s  the Open Cherry Picker (OCP), and 

includes closed work modules, r a i l e d  work stat ions, and f ree f l y e r  work 

stations. These future versions are planned pr imar i l y  t o  support large 

space construction ac t  i v i  t i e s  . 

The OCP, i l l u s t r a t e d  i n  Figure 6.4.9-1, attaches t o  the standard RMS end 

e f fec to r  and i t s  work volume i s  therefore constrained by RMS reach. The 

EMU sui ted crewman i s  restrained on the Platform by a standard Shutt le foo t  

r e s t r a i n t  system. He operates the work stat ion, inc lud ing the RMS i t s e l f  

i f  desired, f r o m  a control and display console located on the work stat ion.  

The OCP work s tat ion i s  completely self-contained, providing e l e c t r i c a l  power 

v i a  the RMS end effector, work s i t e  l igh t ing ,  bins f o r  EVA tools,  and a payload 

I Restralnt (Platform) 

3evelopnrmnt Strtuc Protorn 
Welght: 347 Ib 
Interlacs8 Wlth: RMS 

EVA Cnwman 
work Slb 

ElectrWl Ponm: 250 W vlr RMS 
Durl RMS OPS: OCP P~MUAFD Strtlon 
Work Site Illumlnatlon: 60 11 e 
Foot Restmlnt and CD CoIWOb 
Rotatable 180. 
Operrte In Dark or Lbht 
Payload Bay Stowego: Strrbosrd MMU Stalon 

Fic_lure 6.4.9-1 EVA Equipment - Open Cherry Picker MWS 
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automatically be chosen. For f i n a l  select ion o f  a u t i l i z a t i o n  mode the 

t o t a l  mission must be considered; i n  some cases, f o r  instance, there may not  

be room i n  the Shutt le payload bay for e i t he r  an MU o r  an OCP t o  be carr ied. 

I n  other :asps the RMS may be required for non-EVA a c t i v i t i e s  during the 

en t i re  mission and may not be avai lable t o  support EVA u t i l i z a t i o n  inodes 

which require it. 

EMU Alone 

Lowest Cost 
Frees RMS for Other Tasks 
Requires Only Two Crewmen 
Restricted to Small Packages 
Requires Translation PIth 
Requires Workrite Restraints 
Minimum Weight Penalty 

EMU with MMU 

Flexibility In Rango and A n a  t 
Noncontamlnating 
Minimum RestraintlMobllity Ak 
Reguims NO  on m a n  TWO CWMTWI 
Weight Penalty 
Reduced Range and Volaclty With Lwgo 

P 

Packages 

EMU With RMS EMU With RMWOCP 

Large Package Capability 
Task Time Efficient Provides a Stable Work Platform 
Constrained by RMS Reach 
Requires Grapple Fixtures 
Requires Translation Path 
Requires Three Crowmen 

Self-Contained Workstation 

RMS Operation From OCP 
Minimum Obstack Avoidance Problms 
Constrained by RMS Mach 
Minimum Design Impact 
Restrkted In Payload Transport 
RMS Unavailability for Othor Functions 
Weight Ponrlty 
Roqulns threo Cnrmnn 

Figure 6.4.10-1 Ut i1  i za t ion  Mode Selection C r i t e r i a  
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6.4.11 Responsibi l i t ies o f  Payload User 

For the experimenter o r  the space experiment f a c i l i t y  designer who desires 

t o  use EVA t o  enhance mission and s c i e n t i f i c  objectives, the suggestions 

on the facing page (Figure 6.4.11-1 ) provide a minimum l i s t  of responsib i l i t ies .  

It i s  important that  the user have a good understanding of t.;c capab i l i t ies  

and l im i ta t ions  of EVA and of i t s  various u t i l i z a t i o n  modes, tha t  he coordinate 

wi th  other users and wi th  qual i f ied EVA experts t o  use EVA i t -  V., .  .post cost 

e f fect ive manner, and that  he include potent ia l  EVA u t i l i z a t i o n  i n  h i s  

de f in i t ion  o f  experiment hardware and operating procedures as h i s  planning 

pro: Ysses. 

Provide Payload Definition and Operating Procedures 

* Define EVA Requirement and Utilization Mode 

Plan Maximum Use of Standardized EVA Tasks 

Specify Available EVA Took Where PO8Sible 

Provide Special Tools and Equipment i f  Required 

Provide Special Purpose RMS End Effectors if Required 

Provide Payload Specific Training Articles - Gross 
Representations of l=g Items and Neutral Buoysncy Items 

Coob,mate with NASA EVA Personnel 

In Special Cases Provida Training at Payload Production 
Facility 

Planning Documents and Advice Available 

Figure 6.4.11-1 Responsibi l i t ies of Payload User 
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The NASA astronauts provided on PS/SASP servicing f l i g h t s  w i l l  be highly 

trained i n  EVA as a technology i n  standard EVA procedures and i n  the use 

o f  standard Shuttle EVA tools and equipment. It i s  thus desirable, from a 

t ra in ing ef f ic iency standpoint, that  users specify t h e i r  EVA requirements t o  

include standard procedures and standard tools and equipnent t o  the maxinm 

extent possible. 

The f o l l m  'ng docunents provide further information and insights i n t o  EVA 

equipment, pmcedures, and guidelines: 

0 Space Shuttle EVA Opportmities, NASA JSC 11391 

0 Shuttle F l igh t  Operations Manual - EVA Systems, NASA JSC 12770, Volume 15. 

0 Shuttle EVA Description and Design Cri ter ia,  NASA JSC 10615 

0 User's Guide - Manned Maneuvering Unit, Martin b r i e t t a  Corporation 



Section 7 
lrEMMYSTRAT ION TEST 

In  order t o  minimize SASP program development r isks a demonstration tes t  

program w i l l  be required. This tes t  program w i l l  include ear ly  ground 

development test ing a t  various levels o f  subsystem assenhly ant 4 1 1  progress 

i n to  selected f l i g h t  demonstration tests of c r i t i c a l  mechanism, structures, 

and associated operations. 

7.1 GROUND TEST PROGRAM 

During the developnlent and qual i f icat ion o f  the SASP subsystem hardware the 

required f l i g h t  performance w i l l  be demonstrated v i a  ground tes t  ve r i f i ca t i on  

wherever pract icd l .  

hardware developnrent phase f o r  those components and subsystems where space- 

qua l i f ied  hnrdwaw i s  not avai lable or when the SASP appl icat ion and/or 

environnlent i s  s i g n i f i c m t l y  d i f fe ren t  than that  f o r  which the hardware had 

previously been qual i f ied.  Wherever possible, the avai lable tes t  and operational 

datd f o r  f l i gh t -qua l i f i ed  hardware w i l l  be used t o  qua l i f y  tha t  hardware 

fo r  SASP application. 

of npyl icat ion o r  by extrapolat ion of ex is t ing data via analyt ical  techniques, 

Development flight test ing i s  proposed only where ground simulation i s  inadequate 

t o  give the necessary confidence for f l  ight  performance. 

Ground developamt test ing w i l l  be conducted ear ly  i n  the 

This w i l l  be acccrmpl ished by demonstrating s i m i l a r l t y  

The p-oirtrd test  proqraiii being planned for  SASP w i l l  be s imi lar  t o  the design 

developnent mi qual i f i c s t i o n  t e s t  programs used ef fect ive ly  on manned space 

f l i g n t  proqr’ans. The developnwntjqual i f i c a t i o n  test  approach w i l l  qua l i f y  a 

coniporient jcqlripnrnt during a developntent tes t  if the tes t  specimen i s  

sufficiently r e p r t x n t t \ t i v e  o f  the fl ight drticle  and 1s subjected t o  tes t  
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levels meeting qua l i f i ca t ion  tes t  requirements without fai lure. Developnrent/ 

qua l i f i ca t ion  testing, together with evaluation end qual i f icat ion of 

components/equipment by analysis and s i m i l a r i t y  comparisons t o  previously 

qua l i f ied  hardware, provides the opportunity t o  develop SASP a t  the least  

possible cost while taking m i n i m  technical r isks.  

Table 7.1-1 shows the preliminary tes t  requirements generated f o r  the SASP 

developmnt/qualification program. This tab le shows the requirements t o  be 

sa t is f ied  a t  each level  of system assembly. 

7.2 FLIGHT TEST PROGRAM 

Certain portions o f  the platform systems w i l l  require f l i g h t  demonstration 

test ing t o  ve r i f y  the c r i t i c a l  parameters o f  the rotat ional  mechanism;, 

expandable truss. berthing por tsand the s t ructura l  free play effects i n  a 

zero-g env ronment. Test resul ts  w i l l  be used tr; verify/update the analysis, 

ground tes s.and the assumptions made during the design phase. Figure 7.2-1 

presents the general f l i g h t  demonstration tes t  requirements. A typ ica l  f l i g h t  

demonstration tes t  program i s  presented below. 

Th, f l i g h t  demonstration test  a r t i c l e  (Figure 7.2-2; w i l l  be stowed on a s ing le 

pa l le t ,  unloaded from the pa l l e t  w i th  the RMS,and assembled onto the Orbi ter  

berthing port.  

onto the tes t  a r t i c l e  berthing mechanism. This w i l l  ver i fy  the berthing por t  

latching systems and the RMS latching system. The ca r r i e r  pa l l e t  w i  1 house 

the necessary tes t  equipment to  co l lec t  and red is t r ibu te  data t o  the Orbiter. 

The t e s t  setup requirements and instrumentation are shown i n  Table 7 2-1 and 

Figure 7.2-3. 

other cargo bay experiment operations. 

The tes t  demonstration ca r r i e r  p a l l e t  w i l l  then be berthed 

Various portions of  t h i s  tes t  can be performed i n  para l le l  w i th  
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Table 7.1-1 Preliminary SASP ;'est Requiremetns (Continued) 
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Table 7.1-1 P r e l  iininary SASP Test Requirements (Continued) 



0 ROTARY JOINTS 
- POWER REQUIRED TO DRIVE - THERMIU GRADIENTS AND THEIR EFFECTS - FREE-PLAY EFFECTS - DYNAMIC LOADING CAUSED BY START AND STOP - NOISE GENERATION - POINTING ACCURACY 

0 EXPAMIABLE TRUSS STRUCTURE 
- EXPOSE TO T H E W L  ENVIRONMENTS AND DEPLOY AND RETRACT - RECORD POWER REQUIRED TO DEPLOY AND RETRACT - VERIFY THE COOLANT AND CABLING RESTRAINTS CAUSED BY ZERO G 
- VERIFY DISTORTION (THERMAL) 

e BERTHING PORTS 
- DETERMINE LATCHING AND UNLATCHING LOADS AND DYNAMIC EFFECTS 

- DETERMINE UMBILICAL LATCHING AND UNLATCHING LOADS AND POWER 

- VERIFY ACCURACY REQUIREMENT FOR AL:'4MENT BY MEANS OF CSTV 

WRING UNLATCHING 

CONSUMPTION 

U T I L I Z I N G  THE RMS 

FIRST-ORDER PAYLGr-aD SUPPORT STRUCTURE 
- VERIFY ROTATIONAL ACCURACY AND DYNAMIC EFFECTS DURING START AND 

- RECORD GEAR TRAIN NOISE TRANSMISSION - POINTING ACCURACY AT EACH STOP LOCATION 

STOP L'NDER THERMAL SOAK CONDITION 

Figure 7.2-1 F1 ight Demonstration Genera1 T e s t  Requirements 
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Figure 7.2-2 F l ight  Demonstration Test A r t i c l e  

m 

0 TEST ARTICLE 
0 CmITER 
0 P K L n  

Table 7.2-1 SASP F1 igh t  Test Requirements, Set-up and Instrumentation 
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Figure 7.2-3 Demonstration Test A r t i c l e  Instrumentation 

Additional study e f f o r t  i s  proposed t o  i den t i f y  addit ional t e s t  configurations 

and f l i g h t  t es t  scenarios t o  optimize the f l i g h t  t e s t  program. 

7.3 CONTRIBUTORY ROLE OF OPERATIONAL FLIGHT 

0 Can be f i n a l  step i n  "performance assurance" 

0 Detailed malfunction prospects defined i n  advarice 

0 Contingency mode options planned/trained i n  advance 

e Crew (EVA) and equipment ( tools)  f o r  contingencies 

0 Factional operation assumptions 

e Contingency support by subsequent-dedicated fl ights (three-month in terva ls)  

0 System can be designed for considerable contingency f l e x i b i l i t y  t o  

reduce need f o r  development f l i g h t  test ing. 
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Section 8 
SPECIAL EMPHASIS TASKS 

(Task 8) 

8.1 DATA FLOW 

The purpose o f  t h i s  task was t o  analyze the data flow requirements between 

SASP payloads and the investigators and other users, the  mission operations 

requirements, and the comnunications and data processing technology and 

resources available t o  ensure that  the SASP comnunication and data management 

system i s  responsive t o  payload requirements and that  viable approaches are 

i den t i f i ed  t o  accomdat ing the overal l  end-to-end data f low requirements. 

Overall Requirements Sumnary 

The overal l  requirements f o r  an end-to-end data system t o  accommodate SASP 

can be summarized as follows: 

0 

0 

0 

8.1.1 

Provide a data acquisit ion and real-time control capabi l i ty  for mu l t ip le  

payloads. 

Provide sc ien t i f i c  data t o  the user comnunity i n  a timely manner and i n  

readi ly  usable form. 

Accomdate the anticipate' growth i n  the t o t a l  amount of data t o  be 

acquired and processed. 

Peak data acquisit ion rates w i l l  be as high as 120 Mbps per payload. 

Impwtant Factors and Considerations 

The capabi l i ty  o f  the Tracking and Data Relay S a t e l l i t e  System (TDRSS) i s  a 

key consideration i n  end-to-end data flow since i t  i s  expected that  a l l ,  o r  

nearly a l l  , NASA spacecraft i n  the l a t e  1980's w i l l  use TDRSS f o r  ground/ 

spacecraft comnunication. This capabi l i ty  i s  sumnarized i n  Figure 8.1 .l-1. 

The overal l  NASA mission model, as  i t  affects TDRSS and ground network loading, 
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RETURN LINK 

t INTERACTIVE 
CONTINUOUS ‘ FORWARD LINK COIYTROL 

PEAK RATE CAPABILITY - PEAU RATE BITSIORBIT RATE 

(*SI NEED 220 X I d  10” - lo1’ #)-mXld 10 X 1$ YES 

n z 
o_ 
$ 
D a 

+ 
No 

Y E l  

YES 
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B X d  

310 X 1d OR 
m X d  
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312 x lob (312 I lob1 IT. TIYES)(AREDSA 

12.6 x 1@1 S O X  ld [MA + TIME SHARED SA] 312 x lob +( 312 lob, 

312 x l o b  DEDICATEDSA 312 x lon 1.8 x lo1’ 

624Xlfl 6001 1doR YES ‘ lo’’ (SMALLER X OF ORBIT) 50 x lb (PART OF ORBIT) OEDICATPD TORS 624 I 106 

T - SA TIME PER ORBIT ALLOCATED TO SASr 

Figure 8.1 . l -1  TDRSS U t i l i z a t i c n  Options 

must also be considered. 

(NEEDS) program must be recogniLed and considered i n  any SASP data flow 

analysis. The NEEDS program, managed by GSFC, has i d e n t i f i e d  and i s  developing 

a number o f  system concepts that  w i l l  be useful i n  the SASP era. 

Ongoing work i n  the NASA End-to-End Data System 

Other important factors are the mission operations concept f o r  SASP and i t s  

payloads, the geographical locat ion of various data users and payload c o m n d  

sources, and the state of technology i n  data handling and comnunications. 

8.1 .2 Work Accompl i s  hea - 
End-to-End data flow considerbbions have been included i n  the SASP data 

management system concept design. 

payload data storage capabi l i ty  and an emphasis on data processing a t  the 

payload, are responsive t o  end-to-end data flow requirements. 

Specific concept features, such as 

An analysis o f  the response time capabi l i ty  l i m i t s  imposed by TDRSS was made. 

The resul ts are shown ir, Figure 8.1.2-1 and are discussed i n  a subsequent 

paragraph. 
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NASCOM 

Response Time Delay Between Payload Event and 
Transmission to Payload of Command 
in Response to That Event rTii ;KJS Emergency Senrice Response - 5 Minutes 
TDRSS MA Acquisition Time - 15 Seconds 
POCC Operator Response Time - Variant 
Propagation Delays and Processing limes - ,<<15 
Seconds lAdequacyJ TBD 

Figure 8.1.2-1 In tzract ive Control - Response Time 

A concept fo r  providing "real-time" downlink data rates i n  excess of 50 Kbps 

without using a dedicated single-access TDRSS channel was defined. This 

concept, which i s  shown i n  Figure 8.1.2-2,would make use o f  more than one 

Hu l t ip le  Access (MA) Channel. The potential gains and problems associated 

wi th  t h i s  approach are discussed i n  a subsequent paragraph. 

The potential impact o f  a SASP 3n TDRSS loading, as opposed t o  the same 

payloads as free-flyers, was evaluated. Figure 8.1.2-3 s u m r i t e s  the 

results. 

8.1.3 - Conclusions and Comnents 

The i n i t i a l  port ion c c  a SASP end-to-end data f low analysis has been completed. 

This analysis w i l l  be continued as an add-on task t o  the SA'iP study. The 

i n i t i a l  e f f o r t  has ident i f ied  SASP data management system approaches tha t  are 
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SASP/Power System 

o Goal: Provide "Continuous" Data at Rates > 50 KBPS 
0 Each Data Stream is 50 KBPS or Less 
0 Each Data Stream has Different PN Code 
0 Technical Issues - (1) Mutual Interference 

. (2) Power System ElRP 
0 Preliminary Indications Are That Up To 4 Data Streams 

of 50 KBPS Each Can Be Simultaneously Transmitted 

Figure 8.1.5-2 Approach t o  TDRSS MA Usage >50 Kbps 

SASP Provides Better Utilization of Single Access Chsnnels 

SASP Can Dump Data From Several Payloads in One SA 
Schedule Bloc# - Thereby Saving Antenna Slew/ 
Acquisition time 

SASP, With a Spacelab Data Recorder (or Better] Can 
Dump Data Much Faster Than Most Free-Flyers 

User Charges for SA Channels will be Reduced, and Data 
Loss Probability will be Reduced by use of SASP With its 
More Effective Use of TDRSS. 

0 SASP Provides a Better Capability for MA Channel Use 

Higher ElRP Needed for MA Channel Use - Not 
Attractive for Free-Flyers 

Figure 8.1 2 - 3  SASP vs Free Flyers - TDRSS U t i1  i za t i on  
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important i n  re la t ion  t o  end-to-end data f low and has suggested that  TDRSS 

capabi l i t ies t o  support payload real-time in teract ive control requirements 

may be marginal, both i n  respect t o  real-time downlink data rates and i n  

rosponse time capabi l i t ies.  

It has been shown that  a SASP has potential advantages over tne same payloads 

as free-f lyers i n  the e f f i c i e n t  use o f  the TDRSS resource. 

the end-to-end data flow study e f fo r t  i s  important t o  quant i fy system loading, 

t o  ident i fy  technology constraints, and t o  bet ter  define user data interfaces. 

Continuation o f  

8.1.4 His tor ica l  Factors 

The quanti ty of data that  i s  handled by the NASA data network has grown as 

the resu l t  of incrzased level  of space ac t iv i t y ,  increasingly complex 

experiments, and incredsing electronics capabi l i ty .  The network, as o f  the 

lC7P time period, handled approximately 10" b i t s  per day. It has been estimated 

that t h i s  w i l l  increase by an order of magnitude ear ly  i n  the Shutt le era. 

The TDRSS w i l l  allow i n  excess of 1013 b i t s  per day t o  be comnunicated to  the 

ground 

Processing o f  the data has been a major problem f o r  some programs i n  the past. 

On some programs, a large port ion o f  the acquired data has never been examined 

by the user. Other programs have experienced excessive delays between data 

acquisit ion and a v a i l a b i l i t y  o f  the data t o  the user. Time and money have 

been spent acquiring and processing data that  was l a t e r  determined t o  be 

e i ther  unwanted o r  unusable. 

8.1.5 NASA End- to-End Data System (tiEEDS) 

As a resul t  o f  thzse h is to r ica l  factors, NASA i n i t i a t e d  the NEEDS program t o  

develop concepts and demonstrate technology t o  support future NASA data system 
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development. 

t o  the user interface, including the control  o f  the payload and sensor. The 

objectives o f  NEEDS are tc; provide the system concepts, techniques, and 

technology which w i l l  increase the end-to-end data system responsiveness, 

reduce the r e l a t i v e  cost o f  ext ract ing information f r o m  space data, and 

increase the degree of standardization throughout the system. 

This program addresses a l l  data system functions from the sensor 

The NEEDS program has adopted the fol lowing pr inc ip les which characterize 

the N E E X  concept: 

1. Data and Information Autonomy - Data w i l l  be autonomous and se l f -  

contained a t  the source. 

2. Spacecraft and Instrument Autonomx - Spacecraft and instruments w i l l  

be capable o f  operating without external in tervent ion f o r  extended periods. 

3. Reduce Data t o  Information as Soon as Possible - Extract  information 

from data and discard useless data a t t h e e a r l i e s t  pract ica l  po int  i n  the 

sys tem. 

4. Standard Interfaces and Protocols 

5. Bu i ld  t o  Integrate/Test/Operate - The system should be transparent 

between the sensor and the user. 

6. F a i l  Soft/Modular Redundancy - To achieve high a v a i l a b i l i t y .  

Some o f  the NEEDS a c t i v i t i e s  tha t  have potent ia l  appl icat ion t o  the SASP 

end-to-end data system include the Modular Data Transport System, the Information 

Adaptive System, the Data Base Management System, the Archival Mass Memory, 

the Massively Para l le l  Processor, and Synthetic Aperture Radar (SAR) 

processor development. 

program documents. 

D e t a i l s  of these a c t i v i t i e s  can be found i n  NEEDS 
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8.1.6 Overal l  TORSS -- Loading 

Early studies a i  MSFC and GSFC have sham tha t  the T O R S  w i l l  be overloaded 

i n  the l a t e  1980's. The resu l t  of t h i s  overloading would be that  schedu'le 

con f l i c t s  w i l l  a r i se  and data w i l l  be l o s t  for  l o w c r p r i o r i t y  spacecraft. 

This ccnclusion, o f  course, i s  dependent on the mission scenario used. The 

SASP follow-on end-to-etid flow study w i l l  examine t h i s  loading i n  more 

de ta i l  using the Data Systair Dynamic Simulator. (OSOS) a t  S F C .  

The studies have shown, however, the ef fect  o f  i ne f f i c i en t  use of TORSS 

channels. The channel usage i s  t y p i c a l l y  i n e f f i c i e n t  i n  the sense that  TORSS 

channels are used a t  datz rates much lower than t h e i r  capacity, thus great ly  

increasing the TDRSS t in le l ine that 4s used for a given amount of data 

transmitted. 

Figtire S . l . 7 - 1  shows the report ing reldt ionships envisioned i n  the overa l l  

SASP mission management concept. This chart  defines the data f low requirements 

that  resu l t  f r n m  the niission operations concept. Data requirements i n  t h i s  

category dt-e pr inmr i l y  f o r  "real-t ime" data. 

Figure 9.1.7-i S A W  Mission Operations Management 
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8.1.8 Response Time Considerations 

Many payload def in i t ions include a requirement for real-t ime in te rac t ive  

control , including real  -time down1 ink  data and connand capabil i ty. 

TDRSS forward l i nks  are less p l e n t i f u l  than return l inks,  i t  i s  un l i ke ly  

tha t  SASP w i l l  have a fu l l - t ime dedicated forward (comnd)  l i nk .  

Because 

Response time f o r  in teract ive control may be evaluated for two cases. One 

i s  f o r  the case where the real-time in teract ive control takes place i n  a 

re la t i ve ly  short, pre-planned time so that a TWSS forward l i n k  can be 

scheduled and dedicated to  SASP f o r  the time needed. 

where an experimenter needs t o  respond t o  an unanticipated event i n  the 

experiment data by sending a c o m n d  t o  the payload. 

t o  naet t h i s  situation, where d comnand l i n k  must be scheduled a f t e r  the 

downlink data event i s  seen, i s  sunmarired i n  Figure 8.1.8-1. Note tha t  

the response time w i l l  probably exceed f i v e  minutes. 

response t iae  for typical  payloads was not investigated. 

The second case i s  

The TORSS capabi l i ty  

The adequecy of t h i s  

NASCOM I POCC 

Response Time Delay Between Payload Event and 
Transmission to Payload of Command 
in Response tolhat Event 

Planning Factors TDRSS Emergency Senrice Response - 5 Minutes - 15Seconds TDRSS MA Acquisition Time 
POCC Operator Response Time - Variant 
Propagation Delays and Processing Times - <<15 
Seconds 

a Time 

1-1 TBD 

Figure 3.1 .ti-l In teract ive Control - Response Time 
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8.1.9 Real-Time Downlink 

A nunber o f  payloads have defined a requirement f o r  real-t ime downlink data 

a t  a ra te  o f  SO Kbps f o r  purposes o f  i m p l m n t i n g  in teract ive control.  

TDRSS provides mul t ip le  access channels, each wi th  a nominal SO Kbps capacity, 

which are intended f o r  dedicated use by a spacecraft. However, i f  a SASP 

payload group included two o r  more payloads with such a 50 Kbps real-t ime 

requirement, a single TDRSS MA channel would not be su f f i c ien t .  

Figure 8.1.9-1 defines a possible solut ion to  t h i s  requirement that  involves 

the use o f  more than one MA channel t o  meet data ra te  requirements i n  excess 

o f  50 Kbps. The MA channels i n  TDRSS a l l  operate a t  the same t a r r i e r  frequency 

and are separated by PN coding and, i n  the free-f lying case, by antenna 

gain differences. 

course, depend on FN coding. 

For the proposed concept, channel separation would, o f  

This concept requires further analysis t o  

determine the e f fec t  on 25 kW Power System EIRP requirements, the interference 

that might resu l t  t o  other MA users. and the t o t a l  data ra te that  would be 

I 
I 
I 
I 

I -t 4 I 

Figure 3.1.9-1 Arilroach t o  TDRSS I t 4  Usagc >50 Kbps 
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8.1.10 SASP Compared t o  Free-Flyers 

As discussed ea r l i e r ,  TCRSS loading depends s t rongly  on the  downlink data 

rates of the using spacecraft. A method f o r  a l l e v i a t i n g  the  TDRSS loading 

and potent ia l  schedrlle con f l i c t s  i s  t o  provide high r a t e  recorders on the 

using spacecraft so tha t  data can be stored and then dumped a t  a high rate. 

This can be done more economically on a SASP, where the recorder capab i l i t y  

can be provided as a central resource, than on free-flyers. 

$ASP has the advantage tha t  a dala dump can include data from several payloads 

i n  a s ing le dump, thereby minimizing the TDRSS acqu is i t ion  t im compared t o  

the f ree- f l yer  case. Figure 8.1.10-1 shows an example comparison o f  the 

TDRSS SA time required for three free-flyers versus the SA time required 

f o r  the same three payloads on SASP. 

ra te  assumptions shown, SASP has a 5: l  advantage over the f ree- f lyers  i n  

SA time required t o  dump the same amount o f  data. 

I n  addition, 

For t h i s  pa r t i cu la r  case and the dump 

ThreePayWs 

HE-1 
AST-4 
MEA 

as Free-flyers 
Assumed SATime 

Data Rate BiWOrbit DumpRate P e r m  

lo5 bps cont. 5.4 X 10; 10; bps 11 min 
lo6 bps cont., 5.4 X lo7 lo6 bps 11 min 
50 bps 1.3 X 10 10 bps 2m 14s 

Same Three Payloads on SASP 
(with 32 mbps Spacelab Recorder) 

Total [24ml 

SA Time 
Bits/Orbit Dump Rate Per Orbit 

6 X lo9 32 X lo6 bps 

0 For This Particular Group of Payloads, SASP Reduces SA 
Channel Usage and Charges by a Factor of 5 or More and 
Significantly Enhances TDRSS Scheduling Opportunities. 
This Advantage is Made Possible by the SASP Recording 
Capability and by the Inherent Elimination of Separate 
TDRSS Acquisition Sequences 

Figurc 8.1.10-1 TDRSS Utilization - Example o f  F/F v s  SAjP 
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8.2 CONTAMINATION 

8.2.1 Overview 

The objectives of t h i s  special emphasis task were t o  (1) define the na twe  o f  

the problem, (2) determine the status of problem understanding, and (3) i d e n t i f y  

operations which can cause problems and iden t i f y  possible countermeasures. 

The task e f f o r t  concentrated on contamination aspects of outgassing, ear ly  

desorption, and part iculates. Both outgassing and ear ly desorption resu l t  

i n  m lecu la r  quant i t ies along the l ine-of-sight (Number Column Density L imi t )  

o r  tha t  i s  ref lected back towards the sensors where i t  may adhere t o  the 

sensit ive surfaces (Return Flux l i m i t ) .  The outgassing o f  concern i s  a long- 

term weight loss from non-metallic materials while ear ly desorption i s  a 

short-term weight loss due t o  non-metal1 i c  materials. Consequently, ear ly  

desorption rates f a l l  off  and sensor protect ion may be necessary only f o r  

short t ime periods. 

Part iculate contamination w i l l  be generated as a consequence o f  material wear, 

micrometeoroid impact, o r  embrittlement and f lak ing  o f  protect ive materials 

when exposed to  space rad iat ion and thermal cycling. Experience w i t h  both 

manned and unmanned missions has sham par t icu la te generation and presence 

i n  sensor data. To date, par t icu la te generation has not  been computer 

inodeled and i n  general there have been work arounds devised t o  avoid 

par t icu la te showers which have occurred. 

8.2.2 Applicable Contamination Documents and Requirements 

I n i t i a l  payload contamination requirements are found i n  Reference 8.2-1. 

This reference requires that  a l l  payloads have cleanable surfaces, that  cargo 

ef f luents shal l  not resu l t  i n  payload cross contamination o r  jeopardize 

Orbiter system performance, and that cargo f lu ids vented overboard shal l  not 
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jeopardize mission objectives. 

a1 1 payl oads and covers vacuum stabi 1 i ty requirements f o r  non-metal 1 i c  

payload material. The l a t t e r  general spec i f icat ion l i m i t s  material maximum 

Total Mass LOSS (TM) t o  one percent w i th  a maximum V o l a t i k  Condensible 

Materia1 (VCM) content o f  0.1 percent during specif ied testing. Since 

materials waivers can be obtained OF t h i s  requirement, paylcad control o f  

non-metal1 i c  materials i s  not absolute. 

I n  addition, Reference 8.2-2 i s  imposed on 

Shuttle Orbiter contamination requirements s t a r t  w i th  Reference 9.2-3. This 

reference imposes a requirement that  the in ternal  surfaces o f  the  payload 

bay envelope shal l  be cleaned t o  a " v i s ib l y  clean" leve l  before payload 

loading. 

control of work ac t i v i t i es ,  and supply of class 5000 a i r .  The reference also 

states an Orbiter design and operational goal that---" venting o f  gases and 

Requirements are also established f o r  payload bay cleaning, 

l iqu ids  from the Orbiter w i l l  be l im i ted  f o r  sensit ive payloads t o  control 

i n  an instrument f i e l d  o f  view par t i c les  o f  5 microns i n  size t o  one event 

per o rb i t ,  t o  control induced water vapor column density t o  lo1* molecules/cm 

o r  less, t o  control re turn f l u x  to  molecules/cm /sec, t o  control 

2 continuous emissions o r  scattering not t o  exceed 20th magnitude/sec i n  the 

UV range, and to  control t o  1% the absorption of UV, Visible, and I R  

2 

2 

radiat ion by condensables on opt ica l  surfaces. Materials which can contaminate 

e i ther  the payl oad, payl oad bay or  Orb i ter  window by outgass in3 when exposed 

to the vacuum environment shal l  be selected for low outgassing characterist ics 

as defined i n  Paragraph 3.6.2.1. ' I . .  .The reference paragraph invokes 

Reference 5.2-4 which i n  turn imposes Reference 9.2-2 for non-metallic 

material s .  
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8.2.3 Defined Payload Requirements 

The environmental concerns o f  OSS and OSTA payloads (References 2-2 and 2-5) 

were reviewed and i t  i s  apparent tha t  only a few payloads have established 

d e f i n i t i v e  l imi ta t ions.  (E.g., 6 o f  74 payloads.) Forty-three percent 

o f  a l l  payloads indicated concern over contamination while the remainder 

indicate t h e i r  concern i s  TBD. Specified l i m i t s  are as follows: 

LIMIT TECHNOLOGY AREA OF CONCERN - 
ASTRONOMY RETURN FLUX - < z x 10" MOLECULES/CM~/SEC/STR 

COLUMN DENSITY < - io12 MOLECULES/CI+ 

PART I CLES - < 1 PARTICLE - >2,/FOV 

< G ' S  LIFE SCIENCES G LEVELS - 

It i s  worth noting tha t  section 10.6 o f  Reference 8.2-1 predicts both column 

density and return flux for Orbiter leakage, f lash evaporator operation, and 

f o r  both Vernier and main RCS operation. Predicted Colum Density ranges 
2 from 1.9 x lo1' t o  3.4 x 10l6 molecules/cm while Return Flux ranges from 

1.7 x 10l1 t o  2.6 x 1015 molecules/cm /sec. 2 From these data, i t  i s  safe t o  

assume that contamination sensit ive payloads should be shutdown and sensit ive 

equipment covered during the time the Orb i ter  i s  present. 

Further, the leakage contamination f r o m  the Orbiter suggests tha t  pressurized 

modules probably should not be combineo w i th  sensit ive payloads. The same 

log ic  indicates sensit ive payloads should not be considered f o r  Sor t ie  mission 

operations. 

8.2.4 PayloadlPal l e t  Contamination Ef f luent  

Spacelab f l i g h t  docuwnts were reviewed t o  determine attendant contamination 

eff luents. This was done assuming these data would be representative o f  
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the payload conmuni ty. The resul ts  reported i n  References 8.2-5 through 

8.2-7 were determined by the same computer program t h a t  developed the predicted 

Orb i ter  environment c i t e d  above. The resul ts  are shown i n  Figure 8.2.4-1 

which also indicates the percentage of t ime the experiments w i l l  be operated. 

As can be seen, a number o f  payloads have high colunm density predict ions 

and TBD re tu rn  f l u x  predict ions. Thus, wi th in the payload comnunity there 

w i l l  be reason f o r  payload scheduling t o  el iminate inter-payload interferences. 

TECHNOLOGY AREA 

0 PLASMAPHYSICS 
PLASMA 

0 ATMOSPHERIC 
PHYSICS 

0 HI ENERGY 
PHYSICS 

0 IR ASTRONOMY 
0 TECHNOCOGS 

i'YNP*.!lCS 
0 FtlllD AND AERCSOI. 

COLUMN DENSITY 
IMOLECULEWCM~) 

3.7 x 1014 
2.0 x 1018 

3.4 x 1014 

5.4 x 1011 
1.1 x 1013 
5.4 x 1011 
1.1 x 1013 
3.7 x 1012 
1.6 x 1013 
2.6 x 1013 
4.6 x tot4 
1.1 x 1014 
1 1  x 1017 

1.3 X 10l6 

WRCENTAGE TIME 
OPERATED 

13 
13 
49 

211 

100 
100 
100 
-1 
-1 
100 
100 
TBD 

TBD 

'NOWINAL LIMIT. OS PAYLOADS 4 IO%OL.ICM~ 

Figure 8.2.4-1 Contamination Effluents* Spacelab Experiments (SL 1, 2. 3) 

Additional contamination data were obtained from Reference 9.2-8 which 

provides expected e f f l u e n t  levels for Spacelab and p a l l e t  configurations 

w i t h i n  the Orbi ter  payload bay. These data represent a worst case ca lcu lat ion 

for the plat form confi?uration. Figure 8.2.4-2 provides these project ions 

which exclude a l l  Orbi ter  o r  payload effects. The predicted leve ls  are due 

e n t i r e l y  t o  non-metallic materials on the lab module and p a l l e t  plus l ab  

nlodule atmospheric leakage. No effects of the Spacelab vent system are 

included. Several in terest ing observations can be made from these data. 
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PALLETS ONLY 

1.3 X Id (AVO) t 2 X 10'' (AVO) 

_- SOURCE 

0 COLUMN MNSJTY CMOUdl - outo*s1NG 

- EARLY DESORPTION 

0 RETURNFLUX 

OclfcWsINQ 
EARLY DESORPTION 

(2 I SR - MOVCU21SEC) 
1.4 X lolo 
2.4 x 1013 

IAB AN0 PALLETS 

1.9 X 19 TO 1.1 X 10" (Avo) 

2.1 X lo1* TO 4.6 X 10l2 (AVO) 

1.6 X lo1' TO &7 X 10" 
2.4 X 10" TO 5.0 X 10'4 

'ASSUMES ORMTER PAYLOAD M Y .  NO ORBITER AND NO EXPERIYENT CONTRlWTlOlY 

Figure 8.2.4-2 Pa l le ts  Only vs Spacelab and Pal le ts*  

F i r s t ,  the  long-term outgassing effects r e s u l t  i n  below payload ' l i m i t  

conditions once the short term ear ly  desorption dies down. Second, the 

contaminant leve ls  are an order o f  magnitude higher due t o  atmospheric leakage 

from the lab  module. The upper range for re tu rn  f lux  values IS above the 

Orb i ter  design and operational goal even though no payload equipment e f fec ts  

have been included. Again, there i s  ind ica t ion  tha t  pressurized modules 

should not be scheduled together w i th  sensi ti ve payloads. 

The remarkable difference between ear ly  desorption and steady s ta te  outgassing 

(three orders o f  magnitude) further emphasizes the need t o  cover sensi t ive 

payload elements whenever the Orb i ter  i s  present o r  whenever new payload 

sets are delivered t o  the Platform. 

8.2.5 Other Potential Contamination Sources 

Contamination analysis i s  a developing a r t  based on computer modeling o f  

a l l  the system elements t o  obtain l i n e s  of s igh t  between sensors and sources. 

Further, the analysis requires accurate knowledge of materials selected, 

material quanti t ies, and material outgassing t e s t  resul ts .  I n  the case o f  

the combined Power System, platform configuration, and payloads most o f  the 
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necessary information i s  lacking. Both requirements and possible contamination 

e f f luen t  leve ls  have been presented i n  the preceding paragraphs o f  t h i s  task 

reporting; however, d e f i n i t i v e  design de ta i l s  are lacking. 

A quick review o f  the system elements permits a top leve l  l i s t i n g  o f  areas 

needing fu r ther  analysis, as follows: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Solar array including deployment system 

Radiators and rad iator  f l u i d s  

Reboost module 

Control moment gyros 

Batter ies 

Mechanisms f o r  point ing, deploying, and ro ta t ing  

Lubricants 

Micro-meteoroid impacts on metals, compos1 tes, thermal costings, paints, etc. 

Miiintenance and repai r  operations 

EVA Servicing operations/effl uents 

RMS placement/removal o f  pal lets/payloads 

Cryogenic and purge ,ds operation and rep1 acement 

Orbi t e r /p l  atform telescoping boom in ter face 

While t h i s  top leve l  check l is t  i s  impressive, i t  i s  appropriate t o  recognize 

that  equivalent problems e x i s t  also for free f l y i n g  payload systems where 

separati xi between source and sensor i s a 1 esser desi gn option. 

A review o f  the Power System solar array was made since t h i s  s ing le systems 

elenent has been under development ;Cor the Solar E l e c t r i c  Propulsion program. 

It was assumed that  the array represented the most mature design i tem tha t  

could be: ident i f ied.  Table 8.2.5-1 provides a breakdown of potent ia l  outgassing 
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0 OUTGASSING - ADHESIVE ON SOLAR CELL COVERS d z /  - ADHESIVE BETWEEN KAPTON SMEETS - HIOWTEMPERATURE POLYESTER - ADHESIVE ON FIBERGLAS CLOTM - TFE TEFLON MINCE STRIPS 
BONDED TO KAPTON PANELS - HIGH-TEMPERATURE POLYESTER - SOLAR ARRAY VERTICAL AND HDK)RIZONTAL CADDIN0 -[=]OR 677 SILICONE 

- LUBRICANTS ON ARRAY GIMBAL AND DEPLOYMENT CANISTERS - S GL*SSICOLYIMIDE LONGERONS AN0 BATTENS 

0 PARTICULATES - - - DACRON BRAIDED CORDRANEL EYELlTS - 
DRV LUBE USED ON S O U R  ARRAY TENSIONING SYSTEM (DAWS. REELS. S M A m )  
FIBERGLASS CLOTH - S GLASS EPOXY HINGE ?INS 

MATERIAL WEAR DURING EXTENTION - RETRACTION OF COILED MAST 
(ALUMINUM DEPLOYMENT NUT. ALUMINUM ROLLER LUGS, ROTATABLE NUT. ROLLER GUIDE. DRIVE MOTOR. 
STEEL BEARINGS IN ALUMINUM TURNTABLE.S.S. KAYDON BEARINGS. AND VEYEL PINION GEARS) 

- MICROMETEOROID IMPACT ON SOLAR CELL COVERS. LONQERONS, ETC. 
- THERMAL COATINGS ON LONGERONYeAfTENS 

WED ON L w z  ~9x93. MID-TERM REPORT. 18 JANUARY ion 

1-1 Acceptable Material Test Results 

Table 8.2.5-1 Potential Contamination Sources PM Array 

materials and potent ia l  par t i cu la te  sources. With the avai lab le design 

de f i n i t i on  i t  was possible t o  i d e n t i f y  only two materials f o r  which there are 

acceptable materials; the design d e f i n i t i o n  was i n s u f f i c i e n t  t o  make 

further determinations. 

I n  l i g h t  o f  the l im i ted  SEPS system material de f in i t ion ,  a preliminary analysis 

was conducted t o  determine what reasonable contr ibut ion t o  column density 

might cr m from the arrays, Consequently, material t e s t  data (outgassing) 
2 were examined and an i n i t i a l  outgassing ra te  o f  10” molecules/cm -sec was 

selected as portraying a design believed t o  be representative o f  the  SEPS 

array. Using t h i s  data, analyses were made and reported a t  the midterm 

(Reference 8.2-9) reporting. Figure 8.2.5-1 s u m r i t e s  t h i s  analysis and 

itemizes the physical factors involved. Colum density along the  Z-axis 

was calculated f o r  a range of atmospheric densit ies and for a c o l l i s i o n  cross 

section a fact Jr of 10 higher than normal. 

densit ies are < 2 x 10 moluculeslcm2, nearly four orders of magnitude below 

It can be seen tha t  column 
8 

the m i n i m  sensor detection leve l  and l i m i t .  
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SOLAR PANEL GEOMETRY AND CLOUD SHAPE 

I 
40 

n a 
E 2 0  s 
5 0  
Y 2 -10 

B 

w 

-40 

I 
0 20 40 60 # l o o  

24x1s IMETERS) 

RESULTS 2 4 x 6  
AMBIENT COLUMN DENSITV 

CONFIGURATION ~ t 8 : 5 ~ ~ ~ r u c m 3 1  IMOLECULEYC~) 

LOW AMBIENT - 1.6 X ~ 9 '  1.601 x ld 

-i 
PHYSICAL FACTORS 

0 AREA - FLAT - 5 9  X 18 an2 

0 RATE - 1010 MOLECULES/( a? SECOND) 
0 COLLISION X SECTION - 7.3 X 1O1'cm2 

ATOMIC OXYGEN VERSUS WATER 

1.- x ld 
COSI)(c C'rfQSSING PATTER( HIGH AMBIENT 6.6 X 18 1.6% x q+ 

1JlQ .' ,p 

AMBIENT DENSITY - 40:l RANGE 
MID AMBIENT - 7) x 10' 

1.6 X lo'' TO 6 C X  lo* M O L E C U L E Y d  

MEAN FR: E PATH - f (DENSIW AND CROJS SECTION) 

0 0.1 PERCENT CALCULATIONS FOR 1.0 PERCENT ACCUF %CY 
COMPUTATION METHOD ARBITRARY 6.6 X 1 8  

AMBlFNT 
0COOR31NATE SYSTEM -PANEL CENTERED ARBITRARY 

VARY PANEL ZONE AREA FOR REWIRED ACCURACY CROSS SECTION X 10.6.6 X l @ / c d  1,3:9 X 19 

Figure 8.2.5-1 Column Density - Analysis 

A second analysis was made comparing the uniform outgassirlg model assumed i n  

the above analysis t o  L structured solar 3rray outgassin5 cha-acter ist ic 

which should simulate the SEPS design. The resul tant  density con+.ours were 

compared t o  that  shown i n  Figure 8.2.5-1 and the s t ructura l  outgassing 

contours are lower; thus, the predicted column densit ies sh,uld be conservative. 

It should be noted tha t  the ambient atmosphere's composition i s  p r imar i l y  

atomic oxygen which bas a near zero InfraRed signature and need no t  be 

added t o  the H20 density given along the Z-axis. 

Simi lar  calculatiny's should be made t o  determine Return Flux predicticins f r *  

s imi la r  var iat ions i n  atmospheric densitr and col i i s i o n  cross sections, 

41 2 



8.2.6 Recomnenda t i ons 

Reconmendations are sumnarized on Table 8.2.6-1. Continued material development 

ape! test ing w i l l  be needed t o  assess the range of materials which w i l l  be 

used i n  systems and payloads t o  be developed. 

r :NUE MATERlAL MvELOpMENf AND 'IESTINC 

EXPAND COMPUTER MODELING To I N C L U M  PS AND SASP 

0 OBTAIN ON ORBITCONTAMINATION MONITORING OhTA WITH INDUCED ENVIRCNWNT 

CONTAMINATION MONITCS (IECM) 

CORRELdE IECM RESULTS WITH TEST DATA AND M O M L I N G  (UKF) 

CONSIMR IECM W I T H  OTHER PAYLOAO FLIGHTS 

0 UPDATE COMPUTER MODELS 

0 AVOID COMANIRSTINC CONTAMINATION SENSITIVE PAYLOADS WITH INSENSITIVE 

PAYLOAD OF HIGH CONfAMlNATlON P07fNTIAL 

PROVIDE REUSABIE. SENSOR SHROUDSICOVERS AND PLAN COMRUP DURING ORBITER 

PRESENCE, MAlNlENANCE OPERATIONS, PAYLOAD CHANGEOUTS, SUBSAlEUl lE  

OEPLOYMNTIRETRIEVAL, EVA ACTIVITIES, AND FOR EARLY ~ S O R ~ l O N  

Table 8.2.6-1 Recomnendations on Contamination 

In  t ime, expansion of the current computer model t o  encompass the Power System, 

candidate platforms, and representative payloads should be accomplished. 

Selection o f  the payloads riay be subject t o  much debate; however, i t  seems 

appropriate t o  ident i fy  extremes. One payload should be representstive o f  

a "pig-pen" system while the other should represent a w3io;d with very 

r i g i d  cleanliness requirements. 

as the SIRTF might be appropriate s!;,L~ i t  w i l l  have t o  contend with ef f luents  

f r o m  cryogenic he1 i urn. 

i t  i s  possible tha t  an IR telescope such 

Cvery e f fo r t .  should be made t o  obtain actual f l i g h t  data resul ts  using the 

NPC,A-MSFC develctped Induced Environment Cmtaminati on Monitor (IECM) which 
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w i l l  measure both gcsecus and par t icu la te matter. Planned use o f  t h i s  

instrument should be stressed and the resul tant  data should be used t o  

correlate IECM resul ts  wi th  both tes t  data and the compurer model. 

use o f  the instrument on the LDEF should also provide useful data about 

contamination f rom the Orbi ter  during launch, deployment, and u l t imate ly  with 

LDEF rendezvous and ret r ieva l .  These data should be valuable i n  understanding 

and contro l l ing contamination. Updating of the computer model and assumptions 

should resul t .  

Scheduled 

From a pract ical  point o f  view, highly sensi t ive payloads should not be flown 

with those which w i l l  have high er f luent  rates. This type o f  payload 

scheduling may have d i e c t  impact on platform design and usage; however, 

additiotial payload data w i l l  be necessary before any effects can be addressed. 

Reusable payload sensor covers w i l l  be a pract ical  necess1 ,’ when the f u l l  

ranae o f  on o r b i t  operations are considered. Table 8.2.6-1 itemizes a number 

o f  these operations and periodic coverup of sensit ive equipment w i l l  be 

required a t  intervals associated w i th  Orbi ter  r e v i s i t .  I t  also i s  worth 

noting that propos2d free f l y ing  payloads w i l l  present a s i i i i i lar  problem 

regards contamination. 

co l l i s i on  r i s k  which remains t o  be evaluated. 

Further, these subsatel l i tes also present a unique 

8.3 ROTATINS JOINT 

8.3.1 Introduction 

T h i s  section covers a l l  the rotat ional  mechanisms required t o  sa t is fy  the 

pointing, loading, and servicing of the SASP. 

a r e  as fo l l ows :  

The mechanisms t o  be covered 
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0 1s t  Order S&P +Y -_ and +X ports 

+90" - rotat ional  j o i n t  

0 2nd Order SASP +v arms 

+180° - rotat ional  j o i n t  

0 2nd Order SASP growth t r a i l  arm 360" rotat ional  j o i n t  

0 2nd Order SASP telescoping boom ro ta t iona l  j o i n t s  

8.3.2 Rotating Joints 

The i n i t i a l  study of the SASP indicated a n w d  for a 360" ro ta t iona l  j o i n t  

for the two cross arms and the t r a i l  arm t o  sa t i s f y  the  payload viewing 

requirements. 

modified and the requirement changed t o  where a t180" ro ta t iona l  feature 

was required for the cross arms and a 360" ro tat ional  f o r  the t r a i l  ami, the 

thermal study also indicated that there would be no need f o r  a f l u i d  t ransfer 

across the 360" t r a i l  ami, only data and power. 

As the study proceeded and the new f l i g h t  scenario was 

The f i n a l  concept for  the 1st and 2nd Order SASP are as follows: 

0 The 1 s t  orde!"s +Y and +Z payload support truss requires - +90" ro ta t i on  

and data, power, and coolant t o  be f lexed across the ro ta t iona l  j o i n t .  

0 The 2nd order +Y _ _  cross has - t180" ro ta t i on  and requires the data, power 

and coolant to be flexed across the j o i n t .  The +X por t  t r a i l  ann rotates 

360" and requires data and power t o  be transferred by means o f  rol l  r ings. 

There are no requirements for transfer of f l u i d  across t h i s  360" ro ta t iona l  

j o i n t .  

8.3.2 .1 

360" T r a i l  A r m  Rotational Jo in t  Requirements -- . 

Requ i remeri t s 

. - _ _  - ___ - . - -- - - - I I . - - - - - - -- 
e T rave l :  360" Continuous and I n f i n i t e  Point ing Posi t ion 

0 Rate: 0 t o  O.S"/Sec 
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Torque: 200 f t - l b  S t a l l  

Backlash: Zero 

Pointing Accuracy: 

Power Transfer: 25 kW a t  30 and 120 VDC 

Data Transfer: 40 Ci rcu i ts  a t  3 WSec 

No Coolant Transfer Across Jo int  

Envelope: 

Drive Power: 50 Watts 

12 Arc Min o r  Less 

1.0 m Diameter x 1 m Long 

1s t  Order Platform Rotational Joints Reauiremnts +Y and +X Arms 

Travel : 

Rate: 0 t o  .5/Sec 

Torque: 200 Ft-Lb S t a l l  

Backlash: Zero 

Point ing Accuracy: 

Power Transcer: 6 kW a t  30 and 120 VDC 

Data Transfer: Flexed Across Joint  

Coolant Transfer: Flexed and Swiveled 

Drive Power: 50 Watts 

Three posi t ion 0" + - 90" 

12 A r m  Min o r  Less 

2nd Order Platform Cross A r m  Rotational Jo in t  Requirements 

0 Travel: I n f i n i t e  Posit ion Between - +180" 

0 Rate: 0 t o  .5/Sec 

0 Torque: 200 F-Lb S t a l l  

0 Backlash: Zero 

0 Pointing Accuracy: 12 Arc  Min o r  Less 

0 Power Transfer: 25 kW a t  30 and 120 VDC 

0 Data Transfer: Flexed Across Joint  

0 Coolant Transfer: Flexed and Swiveled 

0 Drive Power: 50 I!atts 
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Figure 8.3.2-3 Rotary Fluid Coupling 
Operating Position 

i 

Figure 8.3.2-4 Rotary Fluid Coupling Positioned for  
Seal Rep1 a c m e w  
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Figure 8.3.2-1 i l l u s t r a t e s  the i n i t i a l  concept for the  360' ro ta ry  j o i n t  

which was required i n  the two cross arms and on the t r a i l  ann. Figure 8.3.2-2 

shows the power and data t ransfer detai ls.  

8.3.2-4 i l l u s t r a t e  the fluid transfer concept and themethod t o  replace the 

seals i n  o r b i t  without spi l lage. This repa i r  method was t o  inc idate tha t  

i t  i s  possible t o  repai r  i n  o rb i t .  The requirement now indicates tha t  there 

i s  no need for t ransferr ing f l u i d  across the 360" j o i n t  unless the t r a i l  arm 

radiators cannot dissipate the heat generated. f igure 8.3.2-5 schematical Jy 

i l l u s t r a t e s  the l a t e s t  concept for the 360" j o i n t  which i s  capable o f  

t ransmit t ing data and power. The design can be made t o  t ransfer  f l u i d  i f  

such a requirement d id  ex is t .  

Figures 8.3.2-3 and 

Figure  8.3.2-1 Rotating Jo int  Figure 8.3.2-2 Power Transfer Provisions 
Concept and 
Considerations 
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Figure 8.3.2-5 T ra i l  Arm 360-Deg Rotational Jo in t  

The ro ta t ing  j o i n t  provides such features as 360” rotat ion,  passive unb i l i ca l  

and berthing por t  i n f i n i t e  indexing posit ion, quick change out o f  the dr ive 

motor, and complete rotary j o i n t  i n  case of e lec t r i ca l  t ransfer fa i lure.  

The passive berthing por t  w i l l  have provisior,s f o r  coolant Q/D but  i s  not 

required f o r  t h i s  configuration. The unib -wly transmits power and data 

across j o i n t s  by means o f  r o l l  r ings. 

o f  power and 120 Mbps o f  data. 

It i s  capable of t ransmit t ing 25 kW 

Figure 8.3.2-6 i l l us t ra tes  another concept for a 360” ro tary  j o in t .  This 

method u t i l i z e s  r o l l e r s  i n  l i n e  w i th  the main longeron to transfer the 

tension and compression loads across the rotary  j o i n t  without inducing 

bending. The data and power and f l u i d  t ransfer system are located i n  the 

center. The rotat ional  dr ive mechanisms are mounted external ly for ease 

o f  r e p l a c m n t .  

The three r o l l e r s  which carry the axial  and radial  loads are shown i n  Figure 

8.3.2-7. 

sealed bearing t o  form the r o l l e r .  

A t h i n  butyl t i r e  i s  molded on the outer face o f  a standard 
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The 1s t  and 2nd order c ~ o s s  arm and the 1s t  order t r a i l  arms concept o f  

the ro ta ry  j o i n t  are s imi la r  (see Figures 8.3.2-8 and 8.3.2-10). The only  

differences are the - +90° ro ta t i on  f o r  the  1s t  order and 5180" r o t a t i o n  for 

the 2nd order cross arms and the d i rec t i on  o f  ro tat ion.  The load t ransfer  

system i s  s im i la r  t o  the de ta i l s  shown i n  Figures 8.3.2-6 and 8.3.2-7 except 

the dr ive  mechanism i s  located near the center and the data and power cables 

are f lexed across the j o i n t ,  t he  f l u i d  l i n e  i s  swiveled across the j o i n t .  

This concept i s  designed for ease of EVA d r i ve  actuator replacement. 

UnlH 
M R  

\ 

Figure 8.3.2-6 Rotary Jo in t  

Figure 8.3.2-7 Rotary Jo in t  Detai ls 
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mn- M U  
u r n  I--- n-- I I /- 

Figure 8.3.2-8 First-Order Platform Payload 
Berthing Structure and Mechanism 

Figure 8.3.2-9 T r a i l  Arm Fixed Truss w i t h  
360-Deg Rotary Joint  

Figure 8.3.2-10 Second-Order Platform A r m  Folding 
Joint  Mechanism 
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Trade Studies ( fo r  360" Rotational Joint)  

Trade studies were accomplished on methods f o r  t ransferr ing power, data, 

(e.g., s l i p  r i n g  and brushes, ro tary  transformer, f i b e r  optics, etc.) and 

f l u ids  ( i f  proposed thermal control  systems d ic ta te  t h i s  requirement). 

360° Rotating Adapter 

OPT ION& APPROACHES C O M N T S  

0 Elect r ica l  Power and Data Transfer 0 Perform Trade Studies on Re l iab i l i t y ,  

e S l i p  Rings and Brushes Data Transmission 

e Fiber Optics 

0 F lu id  Transfer 

0 Drive Mechanisms 

0 Motor and Gears 

0 Torquer Motor 

0 Backlash 

0 Re l i ab i l i t y  

0 Redundancy 

0 Trade Study o f  The Thermal Control 

System w i l l  Determine Necessity 

0 Compare Noise Generation 

0 Momentum Compensation 

0 Control Accuracies of Drive Torques 

0 Dampening Noise 

0 Choose System wi th  Least Backlash 

0 Preload Bearing 

0 I f  Single Point Fai lure Cannot 

Avoided, Make Replacement Poss 

by EVA. 

be 

b l  e 
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360' Rotational Adapter (Continued) 

OPTIONAL APPROACHES 

0 S l i p  Ring and Brushes 

0 Noise Generation 

0 Fai lure Repair 

0 F lu id  Leakage 

MAJOR CHALLENGES 

0 Determine Envelope Size for  Minimum 

Length Uni t  

0 Data Transmission Capabil i ty 

0 Determine Method t o  Dampen i f  

Requ i red 

0 tbke Provision for Easy Changeout 

by EVA 

0 Design System Redundant and Zero 

Leakage Phase D 

360" Rotatinq Joint  Conclusions 

The trade study on t h i s  rotary j o i n t  indicates the fol lowing order o f  

preference i n  selection of the components and subsystems. (See Table 8.3.2-1 .) 
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I 

+IF REQUIRED 

Table 8.3.2-1 Rotating J o i n t  Design Opt 

3 Telescoping Boom Rotating Jo int  

ng the t h i r d  quarter phase o f  the study a requirement 

have 

1 oad 

fuel  

. 

ons 

was generated t o  

a structure between the Orb i ter  and the 2nd order SASP t o  a i d  i n  

ng and unloading the payloads. I t was noted tha t  the Orb i ter  has 

only t o  dock once t o  the SASP o r  Power System during a v i s i t .  Th 

necessitates designing a piece of equipment which can be par t  o f  the S 

and folded out of the way when not  i n  use. Figure 8.3.3-1 i l l u s t r a t e s  

telescoping boom designed t o  the fo l lowing requirements: 

Berthinq Boom Requirements 

0 Retracted Center t o  Center Length 7.6m 

0 Telescoped Length 14.6m 

0 Design L i m i t  Load 125,000 ft# 

0 St i f fness t o  be Equal t o  Platform St i f fness 

0 Rotational Features 

0 Platform End and Orbi ter  End - +180° Pi tch and Yaw 

S 

SP 

a 
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0 Passive Berthing Port on Orbi ter  End 

0 Platform End may be Permanently Attached t o  Support Module 

0 Soom Stowed Under Support Module and Extension f o r  Launch and 

Deployed During Servicing and Sor t ie  F1 i gh t  Modes 

Work Accompl ished 

MDAC performed analysis of a ro ta t ing  j o i n t  (gimbals) per an IRAD study. 

The prel iminary resul ts  indicated the fol lowing conclusions: 

0 Components are State o f  the A r t  

0 Roll Rings Selected f o r  Power and Data Transfer 

0 F lu id  Sea: Leakage and Wear, L imits L i f e  o r  Assembly 

0 Seal Replacement on Orb i t  Considered Impractical 

0 Rol ler  Type Suspension and F r i c t i o n  Drive Selected because o f  Modular 

Design and Smooth Operation for 360" Rotational J o i n t  

0 Brushless DC Drive Motors Selected f o r  Low Weight and Long L i f e  

c) t1W 

?.Om RETRALTED 
14 6m DEPLOYED 

1 tw 
3 

1800 

3 
PASSIVE oRmiTtn 
INTERFACE 

PRESENT DESIGN CONCEPT 
I 

I 0 
INITIAL 
DESIGN 
CONCEPT 

1 1 W  

llebo cr) 
Present Design Selected Bsed on 
Greater Stiffness Capability in the 
Constrained Launch Envelope 

Rotational Features by Electro- 

Infinite Position Stop Provision 
Infinite Extension Stop Position 

Coolant Acrorr Joints with Swlvel 

mechanical Gear Train Servoactuator 

End to End 

Features: - Electric81 Cabling Flexed Acrosi 

- Coolant and Cabling Looped Stowed 

- Jack Screw for Extension Feature 

Rotating Joints 

Across Telescoping Section 

- inderdd to Preclude Rotatlonal In 
Telescoping Section 

Figure 8.3.3-1 Telescoping Boom for Orb i ter  lrerthing and Loading Aid 
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Section 9 
PROGRAMMATICS, COSTS ANG SCHFI.IULES 

(Task 9) 

The results of effort in this task are reported in Volume 111, same t i t l e .  
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Section 10 
CONCLUSIONS AND RECOMNDATIONS 

A sumnarization ?f the conclusions and recomndat ions o f  the study are 

presented i n  t h i s  l a s t  section of the report. 

10.1 OVERALL CONCLUSIONS 

0 'The P?atform configuration se'lezted can e f f e c t i v e l y  support f r o m  80-85% 

o f  the NASA/OSS and GSTA payioads planned f o r  the  mid-to-late e ight ies f r o m  

a performance stmdpoint  (in-houhe NASA p r o g r a m t i c s  analyses indicated 

considerable cost benefi ts for payloads wi th  the Platform mode). 

0 The modularity, shape, and size o f  the recomnended Platform concept of fers:  

- a low-investment, elemental module opt ion t o  demonstrate basic system 

performance ez-ly. 

- f l e x i b i l i t y  f o r  conservative growth as needs o r  funds permit. 

- adaptabi l i ty  i n  configuration arrangement t o  a great var ie ty  o f  mul t i -  

d iscipl ine,  dedicated discipl ine,  o r  appl icat ion modes. 

- good dispersion and viewing freedom f o r  payloads up t o  12 meters i n  

length. 

0 The subsystem approaches recommended are h s e d  on a l og i ca l  and cost-ef fect ive 

a1 locat ion o f  functions among payloads, Platform, the Power System, and 

ground support e l  emen t s. 

0 A 1  though most  candidate payload definitions/requirenients are current ly  

sketchy, the great number and d ivers i ty  of payloads (50-60) accomnodated 

by the selected platform concept const i tu te  a s o l i d  foundation f o r  the concept. 
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The T-bar/cruciform configurations inherent i n  the recamended Platform, 

wi th rotary jo in t s  on each leg, provide very good viewing, separation, 

and loading features f o r  payloads. 

Deployable structures o f f e r  stowage compaction advantages for long extension 

arms. Structural dynamics modeling and development test ing i s  required. 

Stabi l izat ion of 1.5 arc seconds can probably be achieved with an instrument 

point ing system f o r  payloads with Platform structure selected. 

T9e impacts o f  t rans i t ion  o f  Spacelab so r t i e  payloads t o  Platform f l igh t  

can be minimal. 

Shuttle RMS support of Platform deployment and loading requires a special 

berthing arm fo r  the extended span reaches involved o r  RMS relocation. 

The reference Power System used i n  the study f u l f i l l s  most Platform/payload 

requirements 5ut numerous minor changes are suggested. 

The study raised many design and operational issues which require more 

detai led analysis t o  bet ter  address (1) the emerging interface de f i n i t i on  

needs o f  the recentlJ i n i t i a t e d  Phase 6 Power System study, and (2) the 

accomdat ion needs of representative m ssion scenarios, recently out1 ined 

i n  the companion TRW study. 

10.2 PAYLOAD REQUIREMENTS AND ACCOMMODATIONS 

0 Ear ly  automation of the voluminous, 70+ payload requirements documentation 

saved considerable man-hours i n  the study. 

0 Seven o r  eight extremely large payloads were not used i n  s iz ing the Platform, 

but were instead relegated t o  the Advanced Platform (80 X 160 meter cruciform) 
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stuc'ied under a para l le l  e f fo r t  f o r  the  Langley Large Space Systems 

Technology Of f ice through MSFC. 

0 Configuration s iz ing requirements are driven by prospective payload 

dimensions and extensive operational movement. Cross arm separation from 

the PS solar array was established t o  avoid possible c o l l i s i o n  r isk .  

Cross arm docking por t  separations were established t o  avoid c o l l i s i o n  

between adjacent payloads during scanning (60" sweep cone instrument 

point ing system assumed). 

0 Five d i s t i n c t  orientdt ions have been recormended f o r  various SASP configura- 

t ions fo r  viewing requirements tha t  Cali f o r  one, two, and three viewing 

directions. O f  the cases examined, approximately 25 percent of the cases 

c a l l  f o r  an X-POP, Y-PSL orientat ion. Orientat ion f l e x i b i l i t y  i s  a basic 

requirement to  meet the various viewing needs. 

0 Payload inc l ina t ion  ranges show a descending order of preference f o r  28.5", 

70'*, 90". arid 56". Orbit  a l t i t ude  preferences peak strongly a t  400 km. 

0 -Scheduled payload s t a y - t i n e  on o r b i t  w i l l  strongly impact platform size, 

loadings, dnd platform numbers. 

0 Conservative loading of platforms appears prudent f r o m  many in tegrat ion and 

operation reasons. 

10.3 FOWER SYSTEM INTERFACES 

0 The PS should add +Y .- docking ports complete w i th  25 kW e lec t r i ca l  supply 

(30 mi 1;. VDC) and heat re ject ion capabi l i ty .  

0 Added study i s  needed t o  assess the value o f  the +Z docking por t  since a 

gimballed payload i n  a +Z viewing pos i t ion n u s t  be constrained t o  prevent 

payloadlradiator co l l i s ion .  
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0 The PS should increase i t s  KSA l i n k  capabi l i ty  t o  300 clbps and increase 

i t s  data storage capabil i ty. 

0 The PS should provide two 0" 390"  ginbals that  ro tate about both the 

Orbiter and PS docking por t  centerlines. These o f fse t  girabals are needed 

t o  provide RMS access t o  the Propulsion M u l e  and t o  the +Y docking port. 

10.4 CONTAMINATION 

0 Contamination r i s k  f o r  sensit ive payloads w i l l  reach tnaximun potent ia l  

s ta r t ing  wi th  onset of Orbiter Rendezvous and continuing unt i l  a f ter  

Orbiter departure. A t  a minimum t h i s  w i l l  include a l l  payload servicing 

o r  mintenance, payload changeout, resupply operations, solar array 

retract ion and deployment, R 6  operations, Orbi ter  leakage, and Flash 

Evaporator operation. The levels o f  contamination are expected t o  exceed 

nominal payload l i m i t s  during t h i s  t i m e  period and i t  seems prudent t o  

recomnend protection covers for a1 1 sensit ive payloads. 

0 Preliminary outgassing calculations were made for what i s  believed t o  be 

a representative SEPS solar array (exclusion of the deployment system) 

and the predicted Number Colunm Density fa l l s  about four 

magnitude below payload 1 i m i  ts .  

?!rs o f  

0 Every e f f o r t  should be made t o  obtain representative f l i g h t  data resul ts  

(SEPS arrays, Spacelab experiments, Orbiter deployment and recapture o f  

sate1 1 i tes , c :c. ) , using the NASA/MSFC devel oped Induced Envi ronment 

Contamination Monitor (IECM) which w i l l  measure both gaseous and par t icu la te 

matter. 

0 A l l  resul ts from I E C M  test ing should be fed back i n to  the computer modeling 

and materials test ing t o  update and improve contamination predictions. 

430 



0 Payload scheduling should avoid scheduling highly sensit ive payloads w i t h  

those predicted to  have high effluent rates e i ther  due t o  outgassing o r  

t o  part iculate generation. 

10.5 PLATFORM CONFIGURATION DRIVERS 

PAY LOAD REQUIREYENTS 

SIMULTANEOUS MULTI-OIRECTIONAL VIEWINGS 
- DRIVES OVERALL CONFIGURATION 

RO1 MEC 
- 25 LW POWER DRIVES POWER SUUWSTEY 

AN THERMAL CONTROL SUBSSTEM 
- 10- !? LIMIT DRIVES OPERATIONS 

0 PROVIDE HEAT OUT = ELECTRICAL POWER IN 

0 LIFE SYENCES PAY LOAOS 

- ORiVFS THERMAL CONTROL SUBSYSTEM 

- 40 F DRIVES THERMAL CONTROL SYSTEM 

0 CRYOGENIC RESUPPLY 

0 SO14 (MAGNETIC PULSE EXPERIMENT)/SPP3 

- 25 kW DRIVES POWER SUBSYSTEM 

- DRIVES OPERATIONS AND DESIGN 

W A V E  PARTlC L E INTERFEROMETER) 

0 R42 (EARTH RESOURCE SAR)/RI I  (OCEAN SARI 
- 120 MBPS DRIVE DATA SUBSYSTEM 

0 R41 (ICE/CLIMATE EXPERIMENT) 
- 25 MBPS FORWARD LINK DRIVES DATA 

SUBSYSTEM 

0 Sol1 (PARTICLE BEAM INJECTION) AND SO13 

A N 0  THERMAL CONTROL SUBSYSTEMS 

(GRAVITY WAVE ANTENNA) 
- 100 - 250 kW PEAK POWER DRIVES POWER 

0 PAY LOAD SIZE 
- DRIVES PLATFORM SIZE 

0 HIGH ORBIT ALTITUDE REQUIREMENTS 
- SYSTEM PERFORMANCE 

EXTERNAL SYSTEMS 

0 SINGLE RENOELVOUS PER lylSSlON 

0 RlllS REACH A N 0  PAY LOAD MASS CONSTRAINTS 

0 PAYLOAD DELIVERY CAPABILITY 

0 PAYLOAD LAUNCH ENVELOPE 

- IMPACTS PAVLOAO BERTHING CONCEPTS 

- W A C T S  PAY LOAO BERTHING CONCEITS 

- DRIVES WTR MISSION OPERATIONS 

- LIMITS F I X E 0  STRUCTURE LENGTH 
- CONSTRAINS STRUCTURE CROSS-SECTION 

0 ORBITER EFFLUENTS 
- CURTAILS PAYLOAD OPERATIONS 

I T O R S  

0 50 KBPS (MULTIPLE ACCESS CHANNELS) 

0 300 MBPS (SINGLE ACCESS CHANNEL) 

- LIMITS CONTINUOUS DATA DUMP 

- DRIVES DATA PROCESSING SYSTEM 
7 

I REFERENCE POWER SYSTEM 1 
0 INTERFACES - DRIVES PS TO PLATFORM INTERFACES 

10-16 LW HEAT REJECTION 
- ORIVES THERMAL CONTROL 

0 TWO-DEG POINTING ACCURACY 
- DRIVES POINTING 

10.6 Clll?tlI?t’ L!S? OF TRADES F90tl TASKS 1, 2, 3, ANn 4 (See next four pages.) 
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10.7 STABILIZATION AND CONTROL 

The reference PS can provide basic a t t i t ude  control  f o r  the  SASP with sone 

res tri c t i  ons on or ientat ions and/or o r ien ta t ion  hol d dura t i  ons . 
SASP can accomdate low-g payloads with some res t r i c t i ons  on point ing 

system maneuvering, payload location, and PS operation . Orb i te r  th rus ter  

and crew disturbances appear unacceptable i n  the Sortie-combo mode. 

Most point ing payloads can be accomdated but po int ing system raster ing 

and slewing operations may be res t r i c ted  t o  some degree when mul t ip le  

po int ing systems are operating simultaneously. 

Thermal induced accelerat ion transients are acceptable t o  low-g and 

point ing payloads when graphite/epoxy structures are used. Uncoated 

aluminum structures could resu l t  i n  unacceptable accelerations for low-g 

payloads. Point ing payload 1 ine-of-sight disturbances o f  about 0.04 arc 

sec are possible w i th  uncoated aluminum. 

Recomnenda t i ons 

0 The SASP should provide capabil i t y  t o  transfer payload sensor data t o  the 

PS a t t i  tude determination algorithm. 

0 The SASP structure should not resu l t  i n  PS/SASP vehicle system f l e x i b l e  

modes below 0.1 Hz (except so lar  array modes). 

0 Further analysis i s  required i n  the fo l lowing areas: 

- Detai l  or ientat ion requirements. 

- Mounting of point ing systems on f lex ib le  structure. 

- Operation of mu1 t i p l e  po int ing system simultaneously on f l e x i b l e  structure. 

- "Shaped-torque" torque comnds  f o r  maneuvering and point ing system 

slewing and rastering. 
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10.8 COMMUNICATIONS AND DATA MWAGEMENT 

0 The $ASP should provide a central ized data storage capabi l i ty  f o r  payload 

sc ien t i f i c  data. 

0 The trend toward autonomous data processing w i th in  the payload equipment 

(dedicated experiment processors) has advantages for a SASP concept and 

should be encouraged. 

0 Spacelab payloads can be integrated with a SASP data system by i n s t a l l i n g  

new interface adapters (modules o r  cards) on the payload side o f  the in te r -  

face. This change w i l l  be eased f o r  payloads tha t  use a modular interface 

electronics concept such as SPSME. 

0 The requirements (r i design concepts fo r  on-board data processing support 

o f  payload point ing system have not been adequately examined and need 

addit ional study. 

0 The impact o f  the recomnended SASP approach on Spacelab payloads tha t  are 

highly dependent on experiment computer support should be studied i n  more 

depth. 

10.9 END-TO-END DATA FLOW 

0 The SASP comnunications and data management system should be designed t o  

minimize the usage of TDRSS timeline. 

0 The SASP approach has a s ign i f icant  advantage over free-flyers i n  e f f i c i e n t  

u t i l i z a t i o n  of TDRSS because o f  i t s  capabi l i ty  t o  assemble data from 

mult ip le payloads and dump i t  t o  TDRSS a t  high rates. 

0 The combined requirements of mult ip le payloads for real-time o r  near rea l -  

t i m e  data f o r  interact ive control w i l l  probably exceed the b i t  ra te 
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capabi l i ty  o f  a single T O R S  MA channel. A possible sol i r t ion i s  t o  use 

mul t ip le  MA channels. Further study i s  needed t o  be t te r  define the 

requirement and t o  explore a1 ternative solutions. 

10.10 THERMAL C0N:'ROL 

0 Centralized radiator concept selected because of higher performance and 

reduced hardware requirements. 

0 Power System plus Platform radiator  on standoff section i s  adequate. 

Peak loads accomnodated by thermal capacitors o r  elevated temperatures. 

e Dual loop wi th  payloads i n  para l le l  i s  the selected loop configuration, 

10.11 CRYOGENICS 

0 Payload-provided cryogenics approach was chosen based on 1 imited avai lable 

data. 

0 Tank replacement on payload i s  necessary f o r  IPS-mounted payloads. 

0 Platform-provided concept evaluated l a t e r  when more data becomes available. 

19.12 POWER 

0 Dis t r ibut ion capabi l i ty  of 25 kW average/35.5 kW peak a t  30 VDC and 120 VDC 

f o r  payloads on mini-arms. 

capabi l i ty  o f  Power System versus rated capabi l i ty  o f  27.0 kW.) 

(Peak of 35.5 kW a t  120 VDC re f lects  potent ia l  

W 2q 
0 Dis t r ibut ion capabi l i ty  of-&kW average/M kW peak a t  30 VDC and 120 VDC 

for  payloads on cross arms. 

0 F l e x i b i l i t y  f o r  supplying peak power while maintaining maximum i so la t i on  

between pay1 oads . 
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0 Peak loads exceeding power d i s t r i b u t i o n  capab i l i t y  require peaking 

bat ter ies a t  payload. 

0 Provision for growth t o  extended second-order plat form with minimal scar. 

10.1 3 

0 Structural  Conf i gura t i on 

PLATFORM STRUCTURAL/MCHAN ICAL SYSTEMS 

Major i ty  port ions of the Platform may u t i l i z e  f i xed  instead o f  the expandable 

t russ except f o r  the growth opt ion o f  the  cross arms which w i l l  be 

assembled fu r ther  downstream i n  the program and should be h igh ly  compacted 

t o  minimize launch storage volume. 

0 1s t  Order Arm Configuration 

The act ive and passive Orb i ter  and payload berthing should be interchange- 

able w i th  any other parts on the Power System and Platform and payload 

carr iers .  The payload ca r r i e r  should be bottom mounted. The automatic 

payload ro ta t ion  and point ing system was selected over the manual EVA 

po int  t o  improve i t s  real  t ime  viewing f l e x i b i l i t y  and el iminate the EVA 

a c t i v i t y .  

The bottom-mounted pay’gad berthing por t  was selected over the end and 

s‘de mount. The side concept was not  selected because o f  i t s  thermal 

d i s to r t i on  character ist ics and platform st ructure supports being large and 

complicated. The end-mounted was not selected because i t  used addi t ional  

launch volume and each payload would require an adapter, and i t  was also 

not compatible wi th  the concept already selected on the Second Order SASP. 

0 2nd Order SASP Confiquration 

The study concluded tha t  the 2nd order basic conf igurat ion w i l l  require the 

fol lowing. 
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0 Many var iat ions o f  extension structures were reviewed and the conclusion 

was that  the te le fo ld ing  t russ concept i s  best because o f  i t s  automatic 

deployment feature, fo ld ing  and high compaction ra t i o .  The basic 

second order concept i s  a l l  f i xed  t russ which had the advantages o f  

s t i f fness  and reduced f ree play. 

0 Extended standoff f o r  payload ro ta t iona l  clearance and locat ion t o  

mount radiators. 

0 Support module t o  house the thermal control  system, electronics,  and 

(1) berthing port, and Orb i ter  berthing interface, and (1) berthing por t  

f o r  the t r a i l  arm. 

and the thrse act ive berthing ports each f o r  the payload and growth 

expandable crossarms. 

I t also has the mechanism t o  fo ld  the two crossarms 

0 Further study on the modif icat ion t o  the ERN0 pa l l e t s  should be 

accomplished caused by the impact of the bottom mounting, such as coolant 

and wire rout ing and thermal d is to r t ions  o f  t h i s  type o f  interface. 

Berthing Ports 

Many concepts o f  the berthing ports were studied and selected concept (developed 

on overstudy for  JSC/LaRC) f u l f i l l e d  major i ty  of the requirements. The other 

cimcepts could not meet the under-pallet Orb i ter  clearance envelope, and some 

designs could not meet the alignment e r ro r  o f  the RMS. 

10.14 ROTATION JOINTS 

The P l a t f o r m  requires several d i f f e ren t  configurations o f  the ro ta t iona l  j o i n t  

t o  sa t i s f y  t h e  point ing, viewing, and servic ing functions. The fo l lowing 

conf i  gurat i  ons are: 
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0 360" ro ta t i on  (2nd order t r a i l  arm). 

0 590" ro ta t i on  (1st order cross and t r a i l  ann and berthing adapter). 

0 +180" - ro ta t i on  (2nd order cross arms). 

The recomnended 360" ro ta t iona l  j o i n t s  subsystems are: 

0 Rol l  r ings selected f o r  power and data transfer. 

0 Ro l le r  type suspension and f r i c t i o n  d r i ve  f o r  smooth operation and 

module design. 

0 Brushless DC dr ive  motors f o r  long l i f e  and Iightweightness. 

1s t  Order Cross and T r a i l  A r m  Jo ints  

The ro ta t i on  required w i l l  be - +90° f o r  a l l  the arms. The index4ng w i l l  be a 

three-posit ion >top a t  0 - + 90". 

2nd Order Cross Arm Jo ints  

The ro ta t ion  required w i l l  be - +180° w i th  i n f i n i t e  stop posit ions between the 

0 t o  - +180° stops. 

Our recommendation i s  not t o  t ransfer  f l u i d  across the  360" j o i n t .  The f l u i d  

seal leakage and wear w i l l  l i m i t  the l i f e  of the assembly, and replacement i n  

o r b i t  i s  considered impractical. 

The f l u i d  transfer across the - +90" and 5180" can be accommodated w i th  a 

swivel j o i n t  which can be eas i l y  quick uncoupled and replaced by EVA without 

f l u i d  spi l lage. The power and data cables w i l l  be flexed zcross the j o i n t  

without rol l  r ings. 

1s t  Order Platform Berthing System 

An Orb i ter  t o  Power System berthing por t  adapter i s  required t o  supplement the 

reach o f  the RMS and clearances. The dual-hub adapter selected requires the 

capab i l i t y  t o  ro ta te  +90" on both the actSve and passive ports, 
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10.15 SHUTTLE INTERFACES 

a Rendezvous 

The acceptable rendezvous technique developed t o  achieve a s o f t  dock 

w i l l  have a major impact on Power System, Platform, and payload design 

snd be a major concern t o  the RMS. 

The technique selected w i l l  be required t o  provide an acceptable "slow" 

approach wi th  optimum c o l l  i s i on  avoidance and minimize contamination. 

Subsystems on the PS and Platform may require rctract ion, rotation, o r  

temporary protection during rendezvous operation. 

Sensors and del icate experiment components may require protection and/or 

may require stowing provisions during rendezvous. 

Using the RMS for attenuation a t  the f i n a l  berthing maneuver may be 

beyond the capabi l i ty  of the RMS. The Second Order Platform, when 

f u l l y  loaded wi th  sc ien t i f i c  experiments, w i l l  surpass the weight 

c r i t e r i a  used for the RMS design. Alst-, the  SASP w i l l  be an active, 

control lable s a t e l l i t e  a t  time of the  berthing operation which may 

have a serious e f fec t  on the RMS operation. 

0 Berthing 

0 Attaching the Orbiter to  the SASP i n  such a manner as t o  place payloads 

wi th in  reach envelope o f  the RMS w i th  Orbi ter  l im i ted  t o  a sing'e 

berthing operation i s  a major design impact on the SASP. 

0 Study r e w l t s  indicate that  berthing w i th  the SASP can be accomplished 

wi th  a common Orbiter berthing system and an adapter configured f o r  

the 1s t  Order Platform and an adapter configured for the 2nd Order Platform. 
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0 Study results and experiment requiremen+$ indicate that  the berthing 

interface must provide rotational capabilities for RMS access t o  

( Y )  axis payloads and maximize RMS access t o  Orbiter cargo bay. 

0 I t  has been concluded t h a t  the berthing system incorporated must place 

( Y )  axis payloads forward o f  Orbiter station Xo 679.5 t o  enable the RMS 

to  be properly oriented. 

0 Platform Deployment - 1st Order 

Placing payloads on t ie  +Y,  -Y ,  and +X Power System ports satisfies 

the multi-viewing requirenents imposed by the experiments. 

Using only three active ports on the PS enables the remaining port to  be 

exclusively for payload parking. This configuration satisfies the 

viewing requirements with no impact on Orbiter, Orbiter equipment, 

Payload Systems and does not require special Power ?;.stem equipment 

for payload parking. 

The mini-arms incorporated can be launched as separate items w i t h  the 

PS and attached on-orbit  by the RMS operator. Each identical arm 

provides ( 4 )  direction viewing a t  eacn port. 

0 Platform Deployment - 2nd Order 

0 Transition from a fu l ly  loaded 1st Order Platform t o  a 2nd Order Platfom 

can be made w i t h  minimum interference w i t h  the 1st order experiment 

program. Trdnsition requires the +X located payload be placed on the 

PS parking ports. 

would occur. 

I f  the parkfng port  was active, no interference 

0 The 2nd Order Platform, after berthing to  PS, i s  automatically deployed 

and verified without the use of the RMS and w i t h o u t  EVA assistance. 
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After  the i n i t i a l  deploymert, a 2nd order berthing adapter i s  required 

t o  pos i t ion the Orb i ter  within reach of each o f  the payload berthing 

ports. 

Cross-arm capacity can 

s t ructura l  extensions, 

Platform, aqd provide 

Experiment requirerent 

be double? with the addi t ion o f  self-deployed 

design t o  in ter face with the  basic 2nd Order 

mproved experiment separation. 

inu icate tha t  a l l  viewing parameteps can be 

accomdated w i th  arm ro ta t i on  of +180". This method o f  ro ta t i on  

eliminates the need of ro ta ry  f l u i d  j o i n t s  and s l i p  rings. 

+r 0 Platform Loading - Is: - 
0 RMS access t o  a l l  1s t  Order Platform payloads requires incorporation 

o f  berthing system that  places Lhe payloads a t  approximately Orb i ter  

s ta  Xo 550 ant* :,rovides a - +90° ro ta t i on  a t  the  PS/Orbiter interface. 

0 Sddition of berthing adapter t o  permit loading with standard RMS, 

appears more f lex ib l t?  f o r  Platform growth and/or reconf igurat ion than 

does other methods, such as RMS redesign. 

a Pal le t  i ns ta l l a t i on  on plat form berthing mechanisln w i l l  require v isual  

assistance t o  the RMS operator from TV cameras, o r  equivalent, on the 

P? a t  form. 

0 Platform Loading - 2nd Order 

0 P,.ysical characteri - t i c s  of the 2nd Order Platform places the payload 

b2rthing posit ions outside the capabi l i ty  of the Orb i ter  v i t h  a s ing le 

standard RMS. 

0 Incorporation of a t e i w o r i n g  2nd order berthing adapter olaces a l l  
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payload ports w i th in  range o f  the standard RMS by reposi t ioning the 

Orbi ter  whi le s t i l l  maintaining a pos i t i ve  s t ructura l  attachment. 

0 RHS operator visual observance of the  loading procedure i s  r e s t r i c t e d  

and requires platform-mounted TV cameras, o r  equivalent, t o  ass is t  i n  

placing payloads i n  berthing mechanism. 

0 Subsystem Interact ion (Unbil icals) 

0 The remotely extended and retracted I l r rL i l ical  panel concept i s  considered 

state-of-the-art and no major problems are foreseen. 

0 Study resu l ts  indicate t h a t  a l l  umbil ical interfaces between the 

Power System, SASP, and payload car r ie rs  can be designed ident ica l .  

The umbil ical a t  the SASP/Orbiter in ter face may require a special 

configuration t o  penni t crew eqress through berthing mechanism. 

10.16 FLIGHT OPERATIONS 

0 The preferred SASP configurations are self-deployed, automatically al igned 

and veri f ied, remotely control lnble, and receives payloads without EVA 

assistance. 

0 EVn can be reserved for maintenance and experiment reconfiguration. 

0 No Orbiter modifications are required. 

0 A parking posi t ion sui table for excepting a 12 rn long payload i s  recomnded 

f o r  the 2nd Order Platform t o  enable off-loading Orb i ter  without special 

handling equipment. 

I n i t i a l  t imel ine studies indicat.e experiment interchange may be a slow, 

time-ci,tsuniny operation due t o  the s ize and mass o f  the SASP and the 
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payloads being exchanged. Times are dictated by the R)ils l imi ta t ions.  

0 Experimental payloads w i l l  be r e q u i d  t o  cease operation and perhaps 

return t o  a stowed posi t ion durii ig exchange operations. This i s  t o  

prevent damage due t o  external disturbances. 

0 A l l  i den t i f i ed  f l i gh t  operations can be performed by the Orbiters 

standard equipment w i th  the addi t ion of special conffgured berthing 

adapters. 

10.17 PAYLOAD CARRIERS 

A comparison of the various payload ca r r i e r  options resulted i n  the fol lowing 

conclusions. 

0 Experimnts designed t o  operate free of the Orbiter need only a simple, 

l ightweight car r ie r  designed t o  protect the experiment i n  the launch 

environment. A suitable ring-type has bee0 developed i n  t h i s  study. 

0 The wide range of payload types, sites, and requirements indicated that  

a modular car r ie r  designed compatible wi th a l l  types o f  payloads may 

be the ,tiist economical f o r  the SASP application. 

0 The Spacelab pa l l e t  i s  designed for use i n  the Orbiter and i s  configured 

as not t o  impose viewing res t r i c t ions  from the cargo bay. 

designed to  sustain high vending moments and thus i s  heavy i n  terms o f  

weight t o  payload supported. 

l ighter ,  and s t i l l  thermally compatible wi th SASP. 

It i s  

SASP payload carr iers  can be less complex, 
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