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SECTION 1.0 

SUMMARY 

I n  t h i s  study Hamilton Standard i d e n t i f i e s  EMU factors associated w i th  

s a t e l l i t e  servicing a c t i v i t i e s  and out l ines  the EMU improvements necessarj. 

t o  enhance sate1 11 tt serv ic ing tperations. Areas o f  EMU capab i l i t ies ,  

equipment a ~ d  s t ruc tura l  interfaces, t ime 1 ines, EMU modi f icat ions f o r  

sate1 1 i t e  servicing , envi ronmgntal hazards, and crew t r a i n i n g  are v i t a l  t o  

manned EVA/satel l i t e  services and as such are de ta i led  w i th in  t h i s  study. 

Using man f o r  sate1 1 i t e  serv ic ing provldes numerous benefits, especial ly i n  

,he performance o f  complex tasks. These benef i ts  range from improving 

worksi t e  access t o  u t i l  i zing ~ l a n ' s  adaptive abi l i t y  t o  reprogram immediately 

i n  contingency and unplanned s i tuat ions.  

Evaluation o f  current EMU capab i l i t i es  ind icates t h a t  the  EMU can be used i n  

performing near-term, basic sate1 li t e  serv ic ing tasks ; however, sate1 l i t e  

servicing w i  11 be great ly  enhanced by incorporat ing key modif icat ions i n t o  

the EMU. For instance, serv ic ing missions invo lv ing  contamination sensi t ive 

payload repa i r  w i l l  requi re EMU modifications, as i 1 lus t ra ted  i n  Section 

7.0. 

EVA prccedures and equio:c;c can be standardized, reducing both crew t r a i n i n g  

time and i n-orbi t operations time. By standardizing and coordinat ing procedures, 

mission cumulative t ime l i nes  fa1 1 wel l  w i th in  the EMU capab i l i t y  (See 

i l l u s t r a t i o n  on the fo l lowing page). 

EMU capabi 1 i t i e s  and modif icat ions a f f e c t  design o f  support equipment and 

sate1 1 i t e  payload i n t e r f s c i  ng. For example, a non-contaminating thermal 

control  subsystem w i l l  a1 low access t o  sensi t ive payloads. Alsc, j o i n t  and 

g l  ove improvements w i  11 permit greater reach and range envel opes, consequently 

a f fec t ing  support s t ruc ture  design. Deveiopment o f  an 8 psi  EMU w i l l  e l  i m i  - 
nate conventional prebreathing, prov id ing "quick react ion" and greater crew- 

member safety. 

Iaent i  f i c a t i o n  o f  po ten t ia l  crew hazards indicates tha t  hazards do not 

exceed current Shutt le program safety requirements. However, expansion o f  

a iss ion p r o f i  les i n t o  increased rad ia t ion  o r b i t s  caul d requi re a reassessment 

o f  the s u i t  protect ion system. 
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SECTION 2.0 

OWECTIVES AND METHODOLOGY 

The primary object ives o f  the  "Study of EVA Operations Associated w i t h  Satel ! l i e  

Services" are t o  analyze and define Extrdvehicular A c t i v i t y  (EVA) operations 

associated w i th  on-orbi t  s a t e l l i t e  services. Of primary emphasis are the  

service a c t i v i t i e s  foreseen fo r  the  1983 t o  1988 t ime fralae, w i th  a secondary 

emphasis on the 1988 t o  1993 t ime period. This study provides a comprehensive 

and in-depth analysis o f  s a t e l l i t e  services from the EVA operations perspec- 

t i  ve and i d e n t i f i e s  po ten t i a l  improvenents i n  EVA-re1 ated equipment and opera- 

t i ons  which enhance the  u t i l i t y  and safety o f  EVA serv ic ing o f  s a t e l l i t e s  v i a  

the Space Stiuttle. This study i s  consistent w i t h  basic approaches t o  sate1 l i t e  

serv ic ing  contained i n  Gra~nrtlan Aerospace Corporation document (SSSAS NkZ 9-16120). 

2.1 STATEPENT OF WORK 

The Statement o f  Hork def ining the guidelines and tasks under which t h i s  study 

was developed are presented i n  the  f a l ~ o w i r t g  paragraphs. 

2.1.1 Study Guide1 i nes 

EVA serv ic ing operations sha l l  address three mission events; i n i t i a l  launch, 

rev i s i t s ,  and ear th  return. Service functioas nominal l y  associated w i th  these 

mission events are: i n i t i a l  launch inc lud ing  checkout and deployment; r e v i s i t s  

invo lv ing  examination, re t r i eva l ,  checkout, maintenance, resupply, reconf i  gura- 

t i o n  and deployment ; ear th  re turn  i nvo l v ing  ?xami nation, r e t r i e v a l  and ear th 

return. 

Servicing operations w i l l  occur near o r  i n  the general v i c i i i t y  of the Orbi ter  

vehicle, w i th  near beinq defined as w i t h i n  50 fee t  o f  the  Shuttle. 

On-orbi t serv ic ing  o f  satel  1 i tes  w i  11 a1 so be conducted whi le  docked [berthed) 

t o  the  0rb . te r  

2.1.2 Study Tasks 

2.1.2.1 EMU Capabi 1 i t i e s  

The Contractor sha l l  define dimensional and performance charac ter is t i cs  o f  the 

current Shut t le  Extravehicular #obi 1 i t y  Unit. Any inconsistencies i d e n t i f i e d  

w i th  projected sate1 1 i t e  serv ic ing tasks w i  11 be addressed. 



2.1.2.2 Interfaces 

The Contractor s h s l l  de f ine  the  man/machine in te r faces  f o r  EVA procedures t o  

i d e n t i f y  areas f o r  special  design/operations concerns i n  planning f o r  s a t e l l i t e  

service operations. I n  addit ion, the Contractor sha l l  provide t ransport  i n t e r -  

face and techniques cor~ceots between Shut t le  a i r - lock  and worksite. The methods 

w i l l  be categorized i n  accordance w i t h  the  distance from Shuttle. Three cate- 

gories sha l l  be covered; namely (1) w i th in  t h e  Orb i te r  payload bay; (2)  close- 

to-Orbi ter  ( less than 50 fee t ) ;  and (3) near-Orbiter (greater than 50 fee t  but  

l ess  than 1000 f t ) ,  The t ransport  options w i l l  inc lude Manned Maneuvering Un i t  

(MNU) considerations. 

2.1.2.3 EVA Procedures 

Ttte Contractor s h a l l  assess EVA serv ic ing operations associated w i th  the  th ree  

mission events; i n i t i a l  launch, rev i s i t s ,  and ear th return. Each category may 

requi r e  vnique operat ional procedures t o  accatlpl i s h  EVA/Satell i t e  servicing. 

Su f f i c i en t  serv ic ing  scenarios s h a l l  be selected from Appendix B o f  the  G r u m n  

Service Equipment Requi r e n t s  document t o  adequately r e f l e c t  the  extent o f  

po ten t ia l  EVA a c t i v i t y ,  and sha l l  be analyzed t o  i d e n t i f y  t he  spec i f i c  proce- 

dures required t o  accmpl ish  EVA-based servicing. 

2.1.2.4 Time Lines 

The Contractor sha l l  def ine t ime l i n e  e l m n t s  fo r  generic EVA rout ines expected 

t o  be used i n  s a t e l l i t e  servicing. These sha l l  cover both contingency and 

nominal EVA operations. 

2.1.2.5 Support Equipment 

The Contractor sha l l  i d e n t i f y  and analyze worksi te EVA equi~ment requirements 

f o r  slrpport o f  s a t e l l i t e  servicinq. Equipmect which may be gsed by the EVA crew- 

men sha l l  be defined and concepted. 

2.1.2.6 Extravehicular Mobi 1 i t y  Uni t  (EMU) Improveme~ts 

The Contractor sha l l  i d e n t i f y  modif icat ions a n d / ~  improvements required o r  des i r -  

able t o  the Shut t le  EMU and MW i~ order t s  optimize o r  improve s a t e l l i t e  serv i -  

c ing  a c t i v i t i e s .  

2.1.2.7 Hazards Analysis 

The Contractor sha l l  i d e n t i f y  and categorize safety hazards issues tha t  are 

relevant t o  s a t e l l i t e  servicing1EVA. Provide reso lu t ion  o r  approaches f o r  

e l im inz t ing  and/or preventing the occurrence of po ten t i a l  hazards. 



2.1.2.8 C r e w  Training 

The Contractor shal l  i den t i f y  generic E V A  servicing approaches that  are applic- 

able t o  the s a t e l l i t e  scenarios, and which w i l l  lead t o  a reduction o r  a mini- 

~ i z a t i o n  i n  crew t ra in ing  requi resents (e.g., approaches using e lec t r i ca l  

connectors, fasteners, and module changeout comonal i t y  features). 

2.1.2.9 EVA Benefits Associated With The EW 

The contractor shal l  define benefi ts associated wi th E N  modifications and 

support ~ u i  pment f o r  use i n  Sate1 1 i t e  Servi c i  ng. 

2.1.2.10 Technalogy Plan 

The contractor shal l  approximate development program schedules and eventual 

market entry dates f o r  EMU mi fications. 



SECTION 3.0 
THE EXTRAVEHICULAR MOBILITY UNIT (EMU) 

The Extravehicular Mobi 1 i t y  Uni t  (EMU) performs two basic funct ions f o r  the  

EVA astronaut. One i s  the l i f e  support function, t h a t  i s ,  i t  provides a 

cont ro l  l ed  pressurized envi rotanent , clean oxygen for  breathing, temperature 

cont ro l  and waste management. The second i s  t ha t  i t  provides a h igh ly  mobi 1 e 

enclosure, the  space s u i t  assembly (SSA), h i c h  permits tasks t o  be performed 

almost as eas i l y  as on earth. 

The EMU cornbines the fo l lowing l i f e  support functions: 

- Pressure Retent i o n  

- Oxygen Regulation 
- Atmosphere Revital  i z a t i o n  (C02 and moisture removal ) 

- Temperaturecontrol 

- Thermal Hazards Protect ion 

- Radiation Hazards Protect ion 

i n t o  an end product which a1 lows nearly 85% nude body mob i l i t y  capabi 1 i t y .  The 

EMU consists cr niaeteen (19) end items, displayed i n  Figure 1. Each of the 

nineteen end items has been developed as a pa r t  o f  an in tegrated system, but  

are delivered, field-managed and maintained as individua: i t e m  i n  order t o  

provide f l e x i b i l i t y  and economy i n  f i e l d  operations. Due t o  the use of stan- 

dardized f i t t i n g s ,  the  EMU spacesuit arms, legs and boots of various sizes are 

interchangeable w i t h  various sizes o f  the f iberg lass Hard Upper Torso (HUT) 

element. This modular feature permits assembly of EMU'S for  both male and 

female creummbers, and el iminates the cost associated w i th  custom s i z i n g  f o r  a 

p a r t i c u l a r  crewmember. Table 1 contains overa l l  EMU performance charac ter is t i cs  

and Figure 2 provides EMU dimensions. 

3.1 EMU END ITEMS 

Each o f  the EMU nineteen end items are described i n  the fo l lowing paragraphs. 

1. P r i m r y  L i fe  Support System (PLSS) - The backpack, mounted on the rear o f  

the Hard Upper Torso, contains the l i f e  support subsystem expendables and 

machinery. 
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TABLE I. EMU PERFORMANCE CHARACTERISTICS 

SYSTEM PROVISION PARAMETER 

VENT SYSTEM NORMAL FRESSURE 

EMERGENCY PRESSURE 

PRESSURE RELIEF 
COLLAPSE PRESSURE 
INTERNAL TEMPERATURE RANGE 
DEWPOINT (SSA INLET! 
C02 PARTIAL PRESSURE 

SYSTEM PROVISION PARAMETER -- 
HEAT SINK CAPACITY 
HEAT LOADS 

METABOLIC 

0 ENVIRONMENTAL LEAKAGE 
LbEE: SUPPORT jCHEMlCAL e ELECTRICAL) 
BODY HEAD STORAGE 
SKIN CONTACT TEMPERATURE 

EVA DURATION NORMAL INDEPENDENT 

EMERGENCY 

LIFE 

WEIGHT (CEI SPEC) 

USEFUL 

LSS . INCL o2 e n20 
SSA 

EMU 

AAP 
SCU 
OPA 

TOTAL FL:GHT WEIGHT 

PERFORMANCE REQUIREMENT 

EVA 4.12 0.1 PSlD 
IVA 0.4 TO 0.9 PSlD 
0.06 TO l .OO LBSJHR 3.33-3.7 PSlD 
1.01 TO 4.90 LBS/HR 3.33-3.7 PSlD 
4.51 TO 5.76 LBS/HR 3.33-3.55 PSlD 
5.3 PSlD MAXIMUM 
1.2 PSlD MAXIMUM 
40-90 DEG F 
65 DEG F MAXIMUM 
7.6 HMHG FOR METABOLIC RATES 
UP TO AND INCLUDING 1600 
BTUlHR FOR ONE HOUR - 15 MMHG 
FOR METABOLIC RATES UP TO 
2000 BTUlHR FCR 15 MINUTES 

PERFORMANCE REQUIREMENT 

10.700 BTU'S 

+lo00 BTU/HR NOMINAL 
+1600 BTUIHR MAXIMUM 
+330 BTU/HR MAXIMUM 
+I450 BTU/HR MAXIMUM 
2300 BTU MAXIMUM 
+ I  1OoF MAXIMUM 
50°F MINIMUM 

7 HOUR NOMINAL AT NOMINAL 
METABOLIC AND MAXIMUM 
DESIGN ENVIRONMENTAL. 
30 MINUTES MINIMUM AT 
NOMINAL METABOLIC. 
15 YEARS HARDWARE 

6 YEARS OF SOFTGOODS 

136.84 LBS 
105.12 

22.60 LBS 
12.09 

1 .oo 
-- - -- 

277.61 LBS 



FIGURE 2. EMU DIMENSIONS 

3-4 

DIMENSION 

A - HEIGHT 
B - HAXIMUM BREADTH A T  ELBOWS (ARMS RELAXED) 
C - MAXIMUM BREADTH AT ELBOWS (ARMS AT SIDE) 
D - MAXIMUM DEPTH WITH PRIMARY LIFE SUPPORT 

SYSTEM (PLSS) AND SECONDARY OXYGEN PACK (SOP) 

E - PLSS/SOP HEfGHT 
F - PLSS AND SOP BREADTH 
G - PLSS AND SOP DEPTH 

- 
PERCENTILE MAN 

5% 
C M 

171.5 - - 
66.0 
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67.5 - 
- 

26.0 

C M 

192.8 
74.7 
67.1 

72.1 

CM (MAX ) 

78.7 
58.4 
i 7.8 

I N  

75.5 
29.4 
26.4 

28.4 

IN (MAX.) 

3 1 
2 3 
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3.1 (Continued) 

2. Displeys and Control Module (DCM) - The :hest mounted displays and 

contro l  module contains a1 1 external f l u i d  and e l e c t r i c a l  in ter faces,  

contro ls  and displays required f o r  one-man operation o f  the EMU. The 

DCM holrses the fan switch, water pump switch, commut~ications selector  

switch and audio volume cont ro l  , oxygen quant i ty  ind icator ,  s u i t  

pressure gauge, cool ing contro l  valve, purge valve and status i n d i -  

cators. The loca t ion  and s ize  o f  the DCM i s  such t h a t  the crew- 

member can read displays and reach manual cont ro ls  without undue 

compromise o f  work v i s i b i l i t y  and mobi l i ty.  The ind iv idua l  DCM con- 

t r o l  s  have been engineered t o  prevent inadvertent actuat ion by e i t h e r  

the crewmember o r  external equipment contact. 

3. EMU E l e c t r i c a l  Harnesses (EEHL - This i n te rna l  harness provides hio- 

instrumentation and communications connections t o  the DCM. 

4. Secondary Oxygen Pack (SOP) - This pack i s  mounted to,  and removable from 

the base o f  the PLSS. It contains a 30-minute emercycy 02 supply and a 

valve and regulator  assembly. 

5. Service and Cooling Umbil ical  (SCU) - This umbi l ica l  connects the  Ai r lock 

Support System (ALSS) t o  the EMU f o r  recharge and for  In t ravehicular  

A c t i v i t y  (IVA). The SCU contains power, recharge and communicat ion 1 ines , 
water and 02 recharge l i n e s  and a water d ra in  l ine.  It has a n ~ u l t i p l e  

connector a t  one end and a permanent f i t t i n g  a t  the  other. 

6 .  Battery - The bat te ry  provides e l e c t r i c a l  power used by the EMU during EVA. 

The bat tery i s  stored dry, and i s  f i l l e d ,  sealed and charged p r i o r  t o  

f I i ght. The bat te ry  i s  rechargeable. 

7. Contaminant Control Cartr idge (CCC) - This dssembly in tegrates LIOH, char- 

coal and a f i l t e r  i n t o  m e  assembly. It i s  replaced i n  f l i g h t  without use 

o f  tools. 

8. Hard Upper Torso (HUT) - This assembly i s  the s t ruc tura l  mounting i n t e r -  

face f o r  most o f  the EMU - helmet, arms, lower torso, PLSS, DCM and elec- 

t r i c a l  harnesses. It also includes the top h a l f  o f  the donning entry 

body seal closure. 



3.1 (Continued) 

9. Lower Torso - This assembly consists o f  the pants and boots, and contains 

the bottam ha1 f of the body seal closure, as we.: l bs the hip, knee and 

ankle jo ints .  

10. Arms (Le f t  and R igh t1  - This assembly contains the shoulder j o i n t  and upper 

arm bearings t h a t  permit shoulder mobi l i ty ,  as we1 1 as the  elbow j o i n t  and 

w r i s t  bearing. 

11. Helmet - The helmet consists o f  a c lear ,  polycarbonate bubble, neck discor,- 

nect and ven t i l a t i on  pad. 

12. Gloves (Le f t  and Right)  - Gloves contain the  w r i s t  disconnect, w r i s t  j o i n t ,  

the f ingers  and thermal protection. 

13. L iqu id  Cooling and Vent i la t ion  Garment (LCVG) - This garment, worn under 

the pressure garment, contains the l i q u i d  cool ing tubes and gas vent i la -  

t i o n  manifolding. 

14. Urine Col lect ion Device (UCD) - This i tem consists of the adapter tubing, 

storage bag and disconnect hardware fo r  emptying l i qu id .  

15. Extravehicular Visor Assembly (EVVAl - This assembly attaches ex terna l ly  

t o  the  helmet and contains visors which are manual l y  adjusted by the crew- 

man t o  sh ie ld  h i s  eyes. 

16. I n s u i t  Drink Bag (IDB) - This assembly stores 1 i q u i d  i n  the HUT and has a 

tube pro jec t ing  up i n t o  the  helmet t o  permit the crewman t o  dr ink whi le  

suited. 

17. Communication Car r ie r  Assembly (CCA) - This assembly consists o f  a f a b r i c  

head cover which mounts the headphones and microphone t o  the crewman. 

18. Ai r lock Adapter P la te  - This i tem i s  the mounting f i x t u r e  f o r  the EMU dur- 

i ng  stowage and i s  used as an a id  i n  donning and do f f i ng  the EMU. 

19. Clxygen Purge Adapter - The oxygen purge adapter permits the EMU t o  be 

purged o f  residual n i t rogen p r i a r  t o  EVA. 

These end items form a compact system capable o f  prov id ing a seven-hour EVA. 

A system schematic i s  shown i n  Figure 3. 





3.2 EMU SUBSYSTEM DESCRIPTIONS 

? L. 1 Primary L i f e  Support System - The Primary L i f e  Support System (PLSS) i s  

a se l f -conta ined 1 i f e  support system t h a t  provides 1 i f e  support, voice commu- 

n i ca t i ons  and biomedical te lemetry  f o r  an astronaut performing Space Shu t t l e  

ex t raveh icu la r  a c t i v i t y  (EVA) tasks and f o r  those i n t r a v e h i c u l a r  a c t i v i t y  j iVA)  

tasks which requ i re  t he  use o f  a space su i t .  The PLSS i s  capable o f  suppor t ing 

metabol ic loads up t o  2 X lo6 J I k r  and i s  designed t o  support a nom'nal EVA/IVA 

mission o f  seven hours. 

F ive  ma j ~ r  cornponmt groups perform the  1 i f e  support functiot is. These compopent 

groups are: 

- Oxyqen V e n t i l a t i n g  C i r c u i t  

- Condensate C i  r c u i t  

- Feedwater C i r c u i t  

- L i q u i d  Transport  C i r c u i t  

- Primary Oxygen C i r c u i t  

Each of these c i  r c u i  t s  a re  discussed i n t h e  f o l  lowing paragraphs. 

3.2.1.1 Oxygen V e n t i l a t i n g  C i r c u i t  

The Oxygen V e n t i l a t i n g  C i r c u i t  shown i n  F igure 4 forms a c losad loop w i t h  t he  

space s u i t  assembly w i t h i n  which oxygen f o r  b rea th ing  and s u i t  p ressu r i za t i on  

i s  c i r c u l a t e d  and pu r i f i ed .  Th is  oxygen p i c k s  up heat, humidity, C02 and o ther  

contaminants from the  astronaut. These metabol ic by-products are removed from 

the  oxygen by t h e  Oxygen V e n t i l a t i n g  C i r c u i t  components. 

The Oxygen V e n t i l a t i n g  C i r c u i t  operates over a range o f  pressures c o n t r o l l e d  

by t h e  Primary Gxygen Subsystem o r  t h e  Sec0ndar.y Oxygen Pack (SOP) as fo l l ows :  

Oxyqen V e n t i l a t i n q  
C i  r c u i t  Pressure 

Level 
Pressure 
Source 

SOP 

P r i  02 

SOP 

P r i  02 

P r i  02 

Operating 
Mode 

EVA - purge 

EVA - normal 

EVA - emergency make-up 

I V i  - normal 

I V A  - pressur ized 
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3.2.1.1 (Continued) 
SECONOARY OXYGEN MAKEUP 

FLOW RESTRICTOR 
PRIMARY OXYGEN 

RELIEF AND ORIFICE VA 

POSITLVE PRESSURE RELIEF VALVE 

SEPARATOR 
NEGATIVE Pr.eSSURE RELlEF VALVE 

VENT DUCTING 
ON LCVG 

CONTROL 
CARTRIDGF 

PURGE VALVE 

FIGURE 4. OXYGEN VENTILATING CIRCUIT 

A cen t r i f uga l  f a n  ( in tegra ted  i n t o  a f an/separator/pump assembly) running a t  

14,000 t o  2G,000 rpm dr i ves  v e n t i l a t i o n  f l ow  through t he  space s u i t .  The gas 

f low p icks up C02 and t r a c e  contaminants, humidi ty and sens ib le  heat from t h e  

dstronaut.  C02 and t r a c e  contaminants a re  removed i n  t he  contaminant con t ro l  

ca r t r idge .  The gas stream continues through t he  subl imator,  where i t  i s  cooled. 

Excess humi d i  t y  i s removed from t h e  vent i 1 z t  i on oxygen c i  r c u i  t and condensed i n 

t h e  sublimator. 

The COz  l e ve l  i s  measured i n  the  Ven t i l a t i ng  C i r c u i t  uostream o f  t' - subl imator 

by an electrochemical  C02 sensor. A check val  ve/ f low sensor i s  loca ted  c '  .wn- 

stream o f  the subl imator.  The check valve assures t h a t  when the  f3n  i s  b,- 

powered, a l l  purge f low i s  d i r ec ted  t o  t h e  helmet. The f low sensor monitors 

f l ow  l eve l .  

The v e n t i l a t i n g  c i  r c u i t  f l ow then passes t o  the  HilT through hard-l~lumbed con- 

nect ions,  and on t o  the  helmet. Ver' i l a t i n g  r.i r c u i t  duc t ing  i n  t he  HCT super- 

heats the i n f l o w  02 s u f f i c i e n t l y  t o  prevent vJsor  fogging. Within the  helmet 

the  f low passes downward over the  v i so r  and head t o  prov ide C02 removal and 



3.2.1.1 (Continued) 

head cooling, then continues t o  the pressure garment. Vent i la t ion  f low i s  picked 

up a t  the extremit ies and returned t o  the Hard Upper Torso v ia  a manifold tha t  

i s  par t  o f  the L iquid Cooling Vent i la t ion Garment. 

Duri na emergency o r  other conditions requi r i n g  open 1 oop operation the vent i  1 a- 

t i n g  c i r c u i t  can be operated i n  a purge mode. Purge, checkout and pressure 

re1 i e f  are a1 l a c c a p l  i shed wi th  val ves mounted i n  the DCM. The purge val ve i s  

manual l y  act ivated and passes 02 from the ven t i l a t i ng  c i r c u i t .  Posi t ive pres- 

sure re1 i e f  protect  ion  against f a i l ed  open Secondary Oxygen Pack o r  Primary 

Oxygen Subsystem regulators i s  effected by a r e l i e f  valve. A negative Dressure 

re1 i e f  valve permits s u i t  in te rna l  pressure t o  r i s e  a t  the same ra te  as the 

Orbi ter  a i  r l  ock during an emergency repressuri rat ion. 

3.2.1.2 Condensate C i  rcu i  t 

The Condensate C i r cu i t  shown i n  Figure 5 rmoves the condensate generated by the 

vent i la t ing  c i r c u i t  and returns it t o  the feedwater c i r c u i t .  

T O  FEEDWATKR 

TEST CONDENSATE WATER CIRCUIT 

1 
I 
I 
I 
I 

ACTUATED i 
SEPARATOR 

I 
I 

I PRESSURE REGULATOR ( 
L,,,,,,,,----J 

SERVICE AND C O O L I N 6  
UMBILICAL 

FIGURE 5. CONDENSATE CIRCUIT 
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3.2.1.2 (Continued) 

Condensate col lected by the  s lurper  i s  passed t o  the water separator w i th  a 

small amount o f  ven t i l a t i on  gas. A gas and water mixture a lso enters the water 

separator from the  gas t rap  t h r w g h  the p i l o t  actuated valve. The water sepa- 

r a t o r  separates the gas/water mixture, returns the gas t o  the  ven t i l a t i ng  c i r -  

c u i t  and pumps the water through a ccndensate water r e l i e f  valve i ~ t o  the  feed- 

water c i  rcu i  t. 

3.2.1.3 Feedwater C i r c u i t  

The Feedwater C i r c u i t  as shown i n  Figure 6 stores and supplies feedwater f o r  

LCVG makeup, pro- ides water f o r  EMU cool ing and condenses and de l ivers  condensate 

t o  supplement the feedwater supply. Feedwater from the  Orbi ter  potable water 

supply i s  stored i n  a water reservoi r  and pressurized by the  Primary Oxygen 

Ci rcu i t .  Potable water from Air lock Support System (ALSS) i s  added v ia  the  

Service and Cool i ng Unbi 1 i c a l  (SCU). Feeduater passes through a pressure 

regulator tha t  reduces pressure t o  top of: and pressurize the LCVG loop and t o  

feed the sub l im to r .  Feedwater passes i n t o  the  sublimator, freezes i n  the  

sta in less steel porous p la te  and sublimates t o  space, cool ing the  LCVG coolant 

water as i t  flows t h r w g h  the sublimator. 

TE%l PORT 
WATER RELIEF VALVE 

ACTUATED 
VALVE I 

CROY 
GAS 
TRAP 

- p m T  CONDENSITS WATER 
REL*EF VALVE 

I 

m C N C K  VALVE 

RELIEF NU1 INLET I - 
FFLDW ATER 

!SEN-R CEEOWATER 
--RE 
REGULATOR 

WATER 
W A R A T O R  

TO 01 VCNT 
ClRCUlT 

tCEowAThR SHUTOCF 
VALVE 

m r ~ o u t o  
TRAI I .ORT 

FILTER 

LOOP 

1 
WATER --RE 
REGULATOR 

I 
I 

FIGURE 6. FEEDWATER CIRCUIT 
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3.2.1.4 Liquid Transport C i rcu i t  

The Liquid Transport C i rcu i t  as sham i n  Figure 7 c i rculates water through the 

LCVG and sub l im to r  v ia  a centr i fugal pump, performing crevanan temperature 

control. The LCVG pressure level i s  regulated by the Feedwater Circui t .  A 

cooling control valve located on the DCM provides temperature control by 

permitt ing the astronaut t o  bypass a variable amount of  water araund the 

sub l im to r  o r  ALSS heat sink back t o  the LCVG. During I V A  operation, the pump 

ci rculates water not only through the EMU, but also through the ALSS through 

the SCU. 

During I V A  operation astronaut heat loads are picked up by a heat exchanger i n  

the Orbiter ALSS control sjstem. This i s  accaapl ished v ia  the SCU which 

connects the Liquid Transport C i rcu i t  i n t o  the ALSS, The PLSS Venti lat ing 

C i rcu i t  heat loads are transferred t o  the Liquid Transport C i rcu i t  i n  the 

sublimator, which acts as a gas-to-l iquid k a t  exchanger i n  t h i s  mode. The 

PLSS pump provides the water c i rcd la t ion through the Liquid Transport Circui t ,  

SCU acd ALSS heat exchanger i n  the I V A  mode. 

LCVG - I P'T Of 
CONNECTORS 

GAS TRAP CHECK VALVE 

ACTUATED 

COOLING CONTROL VALVE 

SC3 CONNECTORS 

VALVE 

SENSOR 

I I 
FIGURE 7. LIQUID TRANSPORT CIRCUIT 



3.2.1.5 Primary Oxygen Ci rcu i t  

A schematic diagram o f  the Primary Oxygen System i s  shown i n  Figure 8. Charging 

gas from the ALSS (v ia  the SCU) f i l l s  the c i r c u i t  through a disconqect on thc 

DCH. Tno oxygen tanks stcre thz oxygen. The tanks are isolated from the Ven- 

t i l a t i n g  C i rcu i t  by a manual shutoff valve. 

Two regulators provide oxygen a t  usable pressures. One regulator pressurizes 

the feedwater c i r cu i t ,  and the other regulator has two schedules, one t o  pres- 

surize the Venti lat ing Ci rcu i t  for I V A  operation and one f o r  EVA operations. 

Regulator valve sett ings are control led by an 02 actuator mounted on the DCW. 

PRIMARY OXYGEN 
TANKS 

DISCONNECT 

PRIMARY OXYGEN 
PRESSURE SENSOR 

RESTRICTOR 

-WATER PRESSURE REGULATOR 

I 
/Or--: SUIT PRESSUR 

I REGULATOR 
FOUR POSITION TO FEEDWATER 
VALVE ACTUATOR L--- -- -- 
(ON DCM) 

TEST PORT 
a 
I 

b: 
FROM FEEDWATER 
CIRCUIT 

I 

I 

L 

RELIEF 

TO VENTILATION VALVE 
CIRCUIT 

FIGURE 8. PRIMARY OXYGEN ClRCUlT 



An assembly diagram o f  the PLSS i s  shown i n  Figure 9, The PLSS has been de- 

signed t o  incorporate the  f o l  lowing key features: 

- Serv iceab i l i t y  - Consumablss are east l y  recharged i n  f l i g h t .  

- Main ta inab i l i t y  - PLSS i s  quick ly  returned t o  f l i g h t  status. 

- Cunpact Size - m e  sui ted astronaut has ar overa l l  front-to-back 

(PLSS t o  Da4) dimension o f  less than 19.75 inches (50.G cm), and a 

PLSS width o f  23 inches ( 5 9  an). 

- Capabi 1 i ty Mi f i cat ion - Capacity o f  expendables can be increased 

without redesign o f  moving par ts  or  major rearrangement of the  

packagi ng. 

- Hodu!ar Construction - Consists o f  separable, i d e n t i f i a b l e  subsystems. 

CO2 SENSOR AND 
BRACKET 

I VALVE 

-VENT 
FLOW 
SENSOR 

/ BATTERY' i I TANKS - 

0 2  T4NKS 

PLSS STRUCTURE 

FIGURE 9. PLSS PACKAGE 



3.2.2 EHU E lec t r i ca l  Subsystem 

The EMU E lec t r i ca l  Subsystem as shown i n  the e l e c t r i c a l  schematic, Figure 10, 

consists o f  the DCM, Fan, Battery, Extravehicular Communication System and 

and instrumentation items t o  monitor EMU parameters as pa r t  o f  t he  Caution 

and Warning System. 

The LWU Elec t r i ca l  Subsystem features maintainable e l e c t r i c a l  components and 

harnesses. Crimp type connectors are  used f o r  e l e c t r i c a l  termi nations. 

The Caution and Warning System (CWS) feateres a microprocessor which monitors 

EHlr and Manned hneuver ing Uni t  (IrWU) instrumentation. The visaal d isp lay i s  

a 12 character a1 phacumeri c 1 i g h t - m i  tti n~ d i  cde type prov id ing system para- 

meter status, cor rec t ive  act ions i ns t ruc t i on  i n  t he  event o f  malfunctions and 

expendables moni t o r i  ng. 

The CWS u t i l i z e s  software which i s  f i e l d  interchangeable, low power CMOS elec- 

t ronics,  and i n te rna l  provisions f o r  self-checking aqd f a i l u r e  diagnosis from 

the PLSS instruments. Information i s  transmitted t o  the crewman v ia  an alpha- 

numeric d isp lay located on the  DCM. Audio tones a l e r  the crewman t o  observe 

the d isp lay f o r  i ns t ruc t i on  o r  information. I n  addit ion, the DCM provides the  

fo l lowing information: 

1. Startup, checkout, IVA, egress and ingress procedures t o  be executed 

by the  creman. 

2. A quant i ta t i ve  status readout o f  system parameters (temperature, voltage, 

pressure, etc.) inc luding oxygen, water and bat te ry  amp-hour expendables. 

3. Not i f i ca t i on  o f  a f a i l u r e  o r  ou t -o f - l im i t  condit ion, the spec i f i c  para- 

metr ic  value and the necessary cor rec t ive  ac t ion  t o  be taken. 

The CUS contains bui 1:-i n-test eqilipment (BITE) consis t ing o f  softwcrc rout ines 

which v e r i f y  proper operation of the system. These rout ines are mult iplexed 

w i th  the normal monitoring rout ines t o  provide continuous monitoring o f  the 

heal th o f  the CWS as wel l  as the EMU. 





3.2.3 Secondary Oxygen Pack 

The Secondary Oxygen Pack (SOP), shown schematically i n  Figure 11, p rov~des 

space s u i t  backup pressure regulat ion and emergency open loop purge capabi l i ty .  

The SOP de l ivers  oxygen a t  a s u f f i c i e n t  r a t e  t o  support a metabolic work load 

o f  106 J/hr f o r  30 minutes i n  the open loop purge mode. 

The SOP package contains two high pressure oxygen tanks, a regulator  manifold 

assembly and a pro tec t ive  conta iner /s t ructure assembly. The two oxygen tanks 

contain a heating tube brazed t o  the i n te rna l  wal l  o f  the tank t o  heat the 

ef f luent  gas p r i o r  t o  enter ing the  regulator  manifold assembly. The SOP 

package i s  mounted t o  the  bottom o f  the  PLSS. The outside back contour of the 

SOP c losely  matches the ins ide  radius o f  the  a i r lock.  

FILL CONNECTOR 

PRESSURE GAUGE 

F -A REGULATOR 

FLOW RESTRICTOR TO FOUR POSITION 

ACTUATOR 

REGULATOR69 
SHUTOFF VALVE 

PLSS/SOP INTERFACE 
CONNECTOR 

TO VEhTlLATlON CIRCUIT 

FIGURE 1 1 .  SECONDARY OXYGEN CIRCUIT 



3.3 SPACE SUIT ASSERBLY (SSA) 

The SSA consists of eleven (11) end items forming an anthropomorphic pressure 

vessel which protects the extravehicular crewmen from extreme temperatures, 

micrometeroids, and space vacuum. 

The eleven end items comprising the  SSA are l i s t e d  below: 

Hard Upper Torso 

Lower Torso Assembly Arm Asses3ly 

He1 met 

Extravehicular Visor Assembly 

GI  oves 

Communications Car r ie r  Assembly 

U r i  ne Col 1 ect  i on Device 

I n s u i t  Drink Bag 

L iquid Cooling and Vent i la t ion  Garment 

Oxygen Purge Adapter 

The key design features o f  the Space Sui t  Assembly are: 

1. A hard upper to rso  tha t  incorporates provisions for  PLSS/SOP s t ruc tura l  

mounting and f o r  interconnecting the DCM w i th  the PLSS/SOP. 

2. Tucked f a b r i c  and f l a t  patterned j o in t s .  The w r i s t  and f i nge r  j o i n t s  are 

pleated tucked f a b r i c  jo in ts .  A l l  other j o i n t s  on the SSA, inc iud ing  the  

shoulder, elbow, waist, knee, h i p  and ankle, are s ing le  ax is  f l a t  pat- 

terned jo in ts .  Sealed bearings a t  the scye, upper arm, wr is t ,  and waist 

provide m n i - d i  rec t iona l  capabi l i ty .  

3. Hard r i n g  to rso  entry  c lcsure and sealed bearings f o r  increased ro ta t i ona l  

mobi l i ty .  

4. Removable bubble shaped helmet. 

5 .  Removable Extravehicular Visor Assembly w i th  replaceable visors. 

6. Non-custom s i z ing  w i th  length adjustment provisions i n  arms and lower 

torso. 

7. Combined LCVG water and vent connecter t ha t  connects a t  the upper f ron t  

torso. 



3.3 (Continued) 

8. Boot conf igurat ion t o  in te r face  w i th  Shut t le  foot  res t ra in ts .  

3.4 EMU MOBILITY CAPABILITIES 

The Shutt le EMU i s  capable o f  meeting a1 1 rout ine sate1 l i t e  serv ic ing  require- 

ments. However, add i t iona l  requirements w i l l  evolve from simple tasks and 

missions, such as work on contamination sens i t i ve  pay1 oads, w i  11 requi re 

modi f icat ion o f  the EMU, which w i l l  enhance s a t e l l i t e  serv ic ing and create a 

completely responsive s a t e l l i t e  services system whjch, i n  turn,  provides 

greater u t i l i z a t i o n  of man i n  space. Speci f ic  projected EMU modif icat ions are 

described i n  Section 7.0. 

Imp>t:dn: human factors engineering i s  evident i n  the EMU design. The use o f  

new j o i n t  designs and bearings provides pressurized space s u i t  rnobi 1 i t y  motions 

o f  near ly  85% nude range capabi l i ty .  Space s u i t  j o i n t  torques are such t h a t  

the EMU equipped crewmember can perform a wide range o f  a c t i v i t i e s .  I n  addit ion, 

j o i n t s  such as an e l  bow o r  knee, f u l l y  f lexed, have no tendency t o  spring back 

t o  the extended posit ion. 

Speci f ic  mob i l i t y  capab i l i t y  o f  the EMU i s  shown i n  Table 11. I n i t i a l  s a t e l l i t e  

serv ic ing tasks demand nc more than a few hours o f  EVA. However, as sate1 1 i t e  

serv ic ing  becomes more complex afid m i  ss i  on t ime 1 i nes grow 1 onger, crewmember 

fa t igue w i  1  1 a f f e c t  mission success. Providing greater nude range capabi 1 i t y  

(i.e., >85% average) ar,d reducing crewmember fa t igue over long periods o f  t ime 

w i  11 d i r e c t l y  enhance crewmember product iv i ty .  

Mob i l i t y  capab i l i t i es  d i r e c t l y  inf luence crewmember reach dimensions, which i n  

t u r n  a i d  i n  determining the design o f  both s a t e l l i t e  serv ic ing equipment and 

design o f  f u tu re  sate1 1 i t e  st ructures and compartmentalized payloads. Results 

o f  reach dimension analyses are presented i n  Figure 12. 



TABLE II. MOBILITY REQUIREMENTS (AT 4.0 PSIG) 
ITEM RANGE TORQUE (IN-LBS) 

SHOULDER MOBILITY 

kDDUCTION/ABDUCTION 
LATER ALiMEOlAL 

FLEXIONIEXTENSION 
ROTATION (X -Z  PLANE) 
ROTATION (Y-Z PLANE) 

(LATERAL-MEDIAL) 

ELBOW MOBILITY 

FLEXION/EXTENSION 

WRIST MOBILITY 

FLEAION: EXTENSION 
ADOUCTION/ABOUCTIO~l 

WAIST MOBlLlT Y 

FLEXION/EXTENSION (HIP & WAIST) 9 0. 

ROTATION 150- 

HIB MOBILITY 

FLEXION 
ABDUCTION 

Kt.EE MOBILITY 

FLEXION (STANDING) 

FLEXION (KNEELING) 

ANKLE MOBILITY 

FLEXIONIEXTENSION 

FOREARM M O B I L E  

WRIST ROTATION 

GLOVE MOBILITY 

FINGER FLEXION/EXTENSION GRASPING FOR - 
5 MINUTES 



TABLE 11. MOBILITY REQUIREMENTS (AT 4.0 f 0.20 PSIG) (CONTINUED) 

HIP AND 
WAIST 

SHOULDER 
ADDUCTION1 
ABDUCTION 

ANKLE EXTENSION 
ANGLE FLEXION 

SIDE TO SIDE 
ON ROTATION 

MOVEMENT 

-- 

TORQUE. INCHES 
ANGLE OF' MOT?ON 

HIP ABDUCTION 
(LEG STRAIGHT) 

ELBOW 
(FLEXION EXTENSION) 

FOREARM MOBILITY 
WRIST ROTATION 

SHOULDER FLEXION / 
SHOULDER 

SHOULDER EXTENSION ROTATION 
(X-Z PLANE) 
(DOWN-UP) 

I SHOULDER ROTATION 
HlP FLEXlON (Y-Z PLANE) 

'LATERAL-MEDIAL) 

KNEE: FLEXION (KNEELING) 
KNEE MOBILITY 
FLEXION STANDING 



CENT~MET~RS 

EVA CREWMAN SIDE REACH ENVELOPE 

0 
CENTIMETERS 

FIGURE 12. EVA CREWMAN FORE-4FT REACH ENVELOPE 



SECTION 4.0 

EVA EQUIPMENT AND TRANSPORT INTERFACES 

4.1 EVA SCENARIOS 

Grumman Aerospace Corporat ion 's  Sat21 1 i t e  Services System Analysis Study 

(SSSAS Document No. CSS/SSS/RP008 dated August 1981) has i d e n t i f i e d  s a t e l l i t e  

serv ices from an equi prnent systemsloperat i  ons standpoint. This study u t i  1 i zes 

Grumrnan Aeros~ace Corporat ion scena?ios as a base1 i ne from which t o  devel op 

t h e  manned i n t e r f a c e  w i t h i n  sate1 1 i t e  se rv ic i r i g  missions. A p re l  f ~n i na ry  

out1 i ne o f  c u r r e n t l y  def ined sate1 1 i t e  se rv i c i ng  tasks has  bee:^ formed 

w i t h i n  the  184 scenarios def ined by Grumman Aerospace Corporation. The 

missions a re  d i v i ded  i n t o  four separate operat ional  categories. This breakdown 

appears as fo l l ows :  

TOTAL SCENARIOS 

I n i t i a l  Launch 34 

Revi s i t  E 8  

Earth  Return 98 

Orb i t a l  Storage - 4 

TOTAL 184 

From t h i s  set  o f  184 scecarios, Grumman Aerospace Corporat ion se lected a subset 

of 43 reprSesentat ive scenarios as a bas is  f o r  more de ta i l ed  analysis.  These 

43 scenarios form t h e  basel ine from which Hamilton Standard conducted i t s  de- 

t a i l e d  analysis.  I n  respect t o  t he  subcategories, the  sce,.arios are d i v i ded  

3s  follow^: 

SCENARIOS - DETAILED ANALYSIS 

! n i t i a l  L3unch 19 

Rev i s i t  8 

Earth Return 12 

Orb i t a l  Storage 

TOTAL 43 

By s e l e c t i v e l y  analyz ing 10 o f  the 43 scenarids, almost a1 1 aspects o f  sa te l  1 i t e  

se r v i c i ng  Drocedures are covered, and u t i l i z a t i o n  o f  both Grumman Aerospace 

Corporat ion equipment and s p e c i f i c  works i te  t o o l s  i s  addres,ed. The 43 



4.1 (Continued) 

scenarios were fu r the r  subdivided i n t o  prime o r  backup EVA usage. This break- 

down i s  presented be1 ow: 

EVA STATUS 

Prime Usage Backup Total 

I n i t i a l  Launch 4 

R v i  s i  t 8 

Earth Return 5 

Orbi ta l  Storacje - 4 

TOTAL 2 1 

Hami 1 ton Standard selected prime usage EVA missions since a1 1 sate1 1 i t e  service 

procedures and equipment are found w i th in  these and t h e i r  re la ted  backup missions. 

The scenarios are referenced accordingly: D = i n i t i a l  launch, R = r e v i s i t ,  

ER = ear th return, OS = o r b i t a l  storage. The fo l lowing scenarios were 

selected as being representct i  ve: 

HAHILTON STANDARD DETAILED SCENARIOS 

I n i t i a l  Launch 

Revi s i t  

Earth Return 

These scenarios provided the  foundation from which a "bui 1 ding block" procedural 

in te r face  and t ime l i 3 e  analysis was created. The "bui ld ing blocku approzch 

a1 lows f o r  redundancj of operations among scenarios. Redundancy a1 1 ows f o r  

standardization o f  procedures, thus minimizing the amount o f  t ime required t o  

t r a i n  astronauts f o r  sate1 l i t e  service functions. I n  addit ion, standardized 

procedures increase the ease w i th  which s a t e l l i t e  serv ic ing funct ion= can be 

effected. 

Scenarios D l  and D2 are discussed i n  detai  1 i n  the report  text .  The remaining 

scenarios are presented i n  d e t a i l  (along w i th  the task data bank) i n  Appendix A. 

The f i r s t  stage of in te r face  analysis involves de f in ing  humanjequipment i n t e r -  

faces w i th in  three broad categories, namely: 1) w i th in  the o r b i t e r  payload 

bay, 2)  close t o  the nrb i  t e r  ( less than 50 fee t ) ,  and 3) near the o r b i t e r  

(greater than 50 feet  but less than 1000 fee t ) .  These in ter faces were 

i d e n t i f i e d  as fol lows: 
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4.1 (Cont inued ) 

Operational Subcategory Scenario 

I n i t i a l  Launch D l  

(.4nalyses include 

Payload Deployment, Retention 02 

Latch Hangup and Appendage 

Hangup) 04 

Rev is i t  R 2 

{ ' ~ a l y s i s  includes Payload 

Deployment/Retrieval , R 4 

Retention Latch Hangup and 

Appendags Hangup) 

Earth Retorn ER4 

(Anaiyses includes Payl oad 

Retr ieval , Retention Latch ER5 

Ha~gup and Appendage Hangup) 

Inter face 

Within Grbi t e r  Payl oad Bay 

Close t o  Orb i te r  

Within Orb i te r  Payload Bay 

Close t o  Orbi ter  

Within Orbi ter  Payload Bay 

Close t o  Orbi ter  

Y i th in  Orbi ter  Payload Bay 

Close t o  Orb i te r  

Within Orbi ter  Payload Bay 

Close t o  Orbi ter  

Within Orbi ter  Payl oad Bay 

Close t o  Orb i te r  

Ui t h i n  Orbi ter  Payload Bay 

Close t o  Orbi ter  

Within Orbi ter  Pay!oad Bay 

Close t o  Orbi ter  

Near Orbi ter  

Within Orbi ter  Payl oad Bay 

Close t o  Orbi ter  

Near Orbi ter  

ER8 Within Orbi ter  Payload Bay 

Close t o  Orbi ter  

Near Orbi ter  

These operational procedure in ter faces then were sc ru t i  n i  zed i n  more detai  l by 

u t i :  i zing the ten de ta i led  scenarios. The resul tant  procedures and associated 

t imel ines i d e n t i f i e d  by t h i s  atialysis can be combined t o  Preate almost any o f  

the 184 scenarios i d e n t i f i e d  by Grumnan Aerospace Corporation. :Several i so la ted  

tasks which were not addressed i n  the ten scenarious were analysed i n  order t o  

provide complete coverage o f  the 184 scenarios. Tnis information appears i n  

Appendix 0 .  
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4.1 {Continued) 

Equipment in ter faces are covered f i r s t  since they are considered a subset of 

p roced~~ra l  in ter faces and time1 i nes. The equip.lent in te r face  analysis i s  

i n i t i a l  l y  conducted on an established spec i f i c  leve l  before progressing t o  

more undefined general levels. 

4.2 EQUIPMENT INTERFACE 

The design o f  EVA equipment must take EMU operations; c a p a b i l i t i e s  i n t c  account. 

Design c r i t e r i a  f o r  items such as handrails/handholds, switches, displays, 

stirfaccs, tools ,  modules, fasteners, and envelopes must be included i n t o  

equipnent design wherever manned EVA in te r face  may occur. 

The major EMU parameters a f fec t i ng  equipnent and payload design are as follows: 

- W b i l  i t y  Requi renents 

- Dimensions 

- Reach Envelope 

- Environmental Conditions 

4.2.1 Mobi 1 i t y  Requi remerts 

The Shutt le E19U provides 85% of nude range mobi l i t y ,  thereby es tab l ish ing  1 i m i t s  

t o  which associated equipment must be designed. k b i : i t y  ~arameters fo r  the  

key physical l i nes  o f  motion hare been presented i n  the EMU Capab i l i t ies  Section 

(3.0). These m o b i l i t y  parameters gust be taken i n t o  account when considering 

design o f  p lat form ro ta t iona l  envelopes, placement o f  contro ls  and handholds, 

modular work k i t s  and hand held tools.  For example, current foot  r e s t r a i n t  

s t ructures can ro ta te  a f u l l  360° a t  99' i n te rva ls .  This w i l l  not create any 

reach problems, since the crewman's waist ro ta t i on  capab i l i t y  exceeds 9S0. 

An important, most used i n te r face  i s  t ha t  o f  the EJ glove and i t s  surrounding 

environment. The leve l  o f  EVA task complexity i s  d i r e c t l y  re la ted  t o  E V  glove 

t a c t i  1 i t y  and pro tec t ion  capabi 1 i t ies .  Due t o  the somewhat reduced t a c t i  l e  

feqback inherent i n  any glove, mechanical feedback must be s u f f i c i e n t  enough 

t o  overr ide glove attenuat ion so tha t  the creman receives pos i t i ve  i nd i ca t i on  

t h a t  the task i s  complete. This leve l  of feeatack cap be obtained by u t i l i z i n g  

devices s ~ c h  as toggle switches. Use of devices such as push buttons and ro tary  

switches are discouraged due t o  uncer ta inty  o f  ver i fy ing  operational status. 

The mechanical feedback actuat ion forces should be detectable ye t  not exceed 

15.8 kg (35  lbs) .  
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4.2.2 EMU Dimensions 

EWU dimensions affect the s t ruc tura l  design o f  EYA equipment. The dimensions 

o f  the EMU have been shown i n  Figure 2. The EMU dimensional envelope w i  11 

play an important r o l e  f o r  any task requ i r ing  the crtmnember t o  enter  i n t o  an 

opening such as during a space construct ion task and the serv ic ing o f  large 

sate1 l i t e s  such as the Space Telescope. For example, z passageway o r  traverse 

po in t  must provide a t  least  a 39.4' (1.0 meter) breadth clearance due t o  human 

dimensions. Also, the design o f  handholds (see Fiaure 13) o r  work compartments 

should account fo r  the glove dimensions (see Figure 14) and work envelope. A 

7.9' (20 cm) clearance i s  required f o r  any g r i p  function. This, along wi th  

the  1.2' i3.0 un) diameter clearance f o r  ind iv idua l  glove fingers, provides 

design guides from which t o  construct instrumentation o r  equipment which 

requires the cr-er t o  grab it. Hobi 1 i t y  t es ts  ind ica te  t h a t  handhold/handrai 1 

spacing, t o  be effective, should not exceed 16' (46 un) above o r  below the 

shoulder o r  21" (61 an) t o  the  l e f t  o r  r i g h t  o f  the  body center l ine  when 

working i n  a foot restrained posit ion. However, extensions o f  t h i s  area are 

possible. 

GRID FASTENER XLIGNMENT PIN (4) 1 

ACTUATOR BUT TON FINGER GRIP 

ADJUSTMENT NUT 

PORTABLE HANDHOLDS IISED ON SKYLAB 

PORT ABLE HANDHOLD MOUNTING TECHNIQUE USED 
I N  THE SKYLAB ORBITAL WORKSHOP (OWS) 
TECHNIQUE REQUIRES A STANDARD GRID PATTERY 
FOR MOUNTING. SIMILAR GRIDS MAY BE USED 
ON THE SDACELABS' EXPERIMENT PALLETS. 

FIGURE 13. PORTABLE EVAJIVA HANDHOLD CONCEPT 
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20 CM (8 IN) MIN. 

36 CM (14 IN) -r 

46 CM (18 IN) MAX. - 

FIGURE 14. MINIMUM WORK ENVELOPE FOR GLOVED HAND 

Figure 15 demonstrates t h e  docking handle posi t ioning o f  t h e  A n c i l l a r y  Equip- 

ment Stowage Area (AESA), which represents simi i a r  work p lat form structures.  

1 50TH PERCEHT lLE 
CREWMEMBER 

MODULE 

FiGURE 15. DOCKING HANDLE POSITIONS CC THE ANCILLARY 
EQUIPMENT STOWAGE ASSEMBLY 



4.2.3 Reach Envelopes 

The EVA crewman must have access t o  most areas o f  the payload bag, berthed pay- 

1 odds, c r b i  t e r  ex t2r i  o r  surfaces, sate1 1 i tes and sate1 1 i t e  serv ic ing equip- 

ment. Figure 12 i l l u s t r a t e d  a Shutt le EVA crewman's side reach envelope and 

fore-af t  reach envelope. This reach envelope guides the design o f  work p l a t -  

forms such as the Open Cherry Picker (OCP). Morp spec i f i ca l l y ,  boom length and 

cont ro l  design are considered so t h a t  c rehman /~a te l l i t e  distances can be pro- 

p e r l y  established. As an example, the  astronaut's a b i l i t y  t o  reach i n t o  t i g h t  

areas o r  work w i th in  a confined environment i s  a funct ion o f  h i s  a b i l i t y  t o  

e f f e c t i v c : ~  coordinate h i s  reach envelope and the  work p lat form boom range. 

The more e f fec t ive ly  the crewmember posi t ions himself  f o r  a task, the less  

e f fo r t  he must expend t o  complete the task. By expending less energy, the  

crerormernber reduces any fa t igue e f fec ts  along w i th  u t i l i z i n g  a higher per- 

centage o f  EVA work time. 

For u t i l  i z a t i o n  o f  contro ls  o r  equipment requ i r ing  visual a1 ignment, contro ls  

should be located w i th in  2 5 O  o f  the normal l ine-o f -s igh t  i n  the v e r t i c a l  plane 

and 50" i n  the horizontal  plane. Visual range i s  i d e n t i f i e d  as a function o f  

both helmet desigr! and environment i 1 lumination. 

Table I I 1  i l l u s t r a t e s  the v isual  range requirement f o r  the  EV helmet. The 

nelmet provides both I R  and UV protect ion, as wel l  as pro tec t ion  from b r i g h t  

l i g h t  v i a  the Extravehicular Visor Assembly. 

The EV a s t r o l i g h t  assembly, which i s  located on the helmet, provides s u f f i c i e n t  

i 1 luinination t o  conduct a1 1 close sate1 1 i t e  serv ic ing tasks, The as t ro l  i g h t  

assembly consists o f  two l i g h t  por ts  (one on each side o f  helmet), each o f  which 

contains two l igh ts .  Tests conducted a t  Johnson Space F l i g h t  Center have 

provided i ns igh t  i n t o  EVA 1 i g h t i n g  requirements; resu l t s  for complete dark 

environment as t ro l  i g h t  t es t s  are as fol lows: 

Distance (F t  :Meters) No. Lights On Ft  -Candl es Comments* 

2 : 0.6 1 3.37 a 

2 6.05 a 

4 12.73 a 



4.2.3 (Continued) 

Distance (F t  :Meters) No. L igh t s  On 

5 : 1.5 1 

2 

4 

10 : 3 1 

2  

4 

1 

2  

4  

1 

2 

4  

4  

4 

Comnents* 

b  

a  

a  

b  

b  

b  

b  

b  

b  

Same as 30' 

b 

b  

Can d i s t i n g u i s h  

shapes ab le  t o  

avo id  bumping 

i n t o  ob jec t i ves  

* Legend a  - Can conduct any task 

b  - Can d iscern  l a rge  nomenclature 

As an example o f  v i s i b i l i t y  design implementation, F igure 16 shows a  t y p i c a l  

lamp assembly. Th is  LED i s  recessed approximately 0.8 i nch  ( 2  cm) i n  a  f l a t  

b lock c y l i n d r i c a l  nole. Any il luminated d isp lay  must ensure v i s i b i l i t y  o f  t he  

l i g h t s  i n  a1 1  l i g h t i n g  condi t ions.  

4.2.4 E ~ v  i ronmental Condi t i o n s  

Environrner~tal condi t ions p lay a  v i t a l  r o l e  i n  p rov id ing  f o r  crewman sa:ety and 

equipment u t i l i z a t i o n  dur ing EVA. Environments which e x h i b i t  extreme condi - 
t i o n s  0.1' sharp edges, prot rus ions,  thermal extremes, r ad ia t i on ,  e l e c t r i c a l ,  

e lectro,nagnet ics o r  pyrotechnics should e i t h e r  ae avoided o r  neu t ra l i zed  f o r  

s a t e l l i t e  serv ic ing.  P o t e n t i a l l y  dangerous equipment located w i t h i n  30.5 cm 

(12.0") of the t r a n s l a t i o n  rou te  o r  works i te  w i l l  be i d e n t i f i e d  i n  accordance 

w i t h  document No. SC-M-0003. Thermal surfaces ;ha1 1  be compatible w i t h  

EMU I im i t s ,  namely w i t h i n  -180°F t o  t200°F (-117.8OC t o  t93.3OC). If not, 

spec ia l  thermal p ro tec t i on  must be provided. 
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TABLE Ill. EVA HELMET VISUAL RANGE LIMITATIONS 

SYSTEM PROVISION PARAMETER PERFORMANCE 

HELMET AND EVVA FIELD OF VISION 
OPTICAL VISIBILITY 

120 DEG. LEFT AND RIGHT I N  THE 
HORIZONTAL PLANE. I 0 5  DEG. DOWN 
AND 90 DEG. UP I N  THE VERTICAL 
PLANE 

CRITICAL AREA OF VISION THERMAL 90 DEG 
SUPERIOR-TEMPERAL 62 DEG 
SUPERIOR 81 DEG 
INFERIOR-TEMPfRAL 85  DEG 
INFERlwR 70 DEG 

OPTiCAL DISTORTION 

TRANSMITTANCE NANOMETERS 

THERMALiCOATING 
3PTICAL CHARACTERISTICS 

NO VISIBLE DISTORTION OR OPTICAL 
DEFECTS DETECTABLE BY THE 
UNAIDED EYE. (20,'20 VISUAL ACUITY) 
AT THE TYPICAL "AS WORN" 
POSITION 

UV - LUMINOUS 5 
200-300 400-700 700+ 

INNER PROTECTIVE OUTER SUN 
CHARACTERISTICS VISOR VISOR 

TRANSMITTANCE 
S50 NM 70% MIN. 16 % 4% 

I100 NM N/A 10% MAX. 

*SOLAR REFLECTANCE 

5% MAX. 40% MIN. 
70% WIN. N/A 

N/A 55% MIN. 

1.63 D l A M  

MOUNTING INTERFACE TED 

0.88 

NOTE: DIMENSIONS I N  INCHES 

(CABLE LENGTH 5 F T )  

k 2 . 0 0  D l A M  MAX. 4 
FIGURE 16. LAMP ASSEMBLY 



4.2.4 (Continued) 

Contamination from the  envi  ronment o r  payl  oads could create adverse sa fe ty  

condit ions. Whereas most forms o f  contamination w i l l  d i s s i pa te  i n t o  t h e  

vacuum o f  space, c e r t a i n  f l u i d  t r a n s f e r  missions may d i c t a t e  t h a t  the as+rorlaut 

don a p ro tec t i ve  overgarment wh i le  performing the  mission. A1 1 such equipment 

must be designed so as t o  avoid contamination o f  the  EMU by rup tu re  o f  tanks, 

seals, o r  f l u i d  l ines.  

The Manned Maneuvering Un i t  (MMU) wi 11 prov ide t r anspo r ta t i on  from t h e  payl  oad 

bay t o  a  work s i t e .  The primary i n t e r f a c e  between t he  Primary L i f e  Support 

System (PLSS) and t h e  MMU includes hard po in t s  and mechanical latches, a  re-  

served e l  ectro-opt i cal  data in te r face ,  and man/machi ne i n te r f aces  re1 ated t o  

use of the  M19U by an ex t raveh icu la r  crewmember. The dimensions o f  t he  MMU are 

i l l u s t r a t e d  i n  F igure 17. Man/machine in te r faces  between t he  MMU and t he  

crewmember a re  re l a ted  t o  reach and v i s i b i l i t y  requirements f o r  MMU swi tch 

actuat ion,  hand con t ro l  l e r ,  con t ro l  -arm glove envelopes, and gage and cue 

readabi 1  i ty. Two work s t a t i o n  attachment po in ts  and two anci: l a r y  equipment 

attachment po in t s  prov ide on-orbi t i n t e r f a c e  points.  The i r ~ t e r f a c e  po in t s  

a re  shown i n  F igure 18. 

Table I V  1  i s t s  the poss ib le  man/equipment in te r faces  which are i d e n t i f i e d  i n  

more d e t a i l  i n  Sect ion 5.0 o f  t h i s  repor t  

Whereas s p e c i f i c  tasks w i l l  not be analyzed as a func t ion  o f  equipment f o r  t he  

t ime l i n e  task, they w i l l  be analyzed according t o  procedures. 

Table I V  provides a comprehensive l i s t  o f  Grumman Aerospace Corporation proposed 

equipment f o r  sa te l  i i t e  serv ic ing.  The t r i a n g l e s  located a t  t he  f d r  r i g h t  o f  

the  t a b l e  i nd i ca te  t h a t  the designzted equipment has been u t i l i z e d  i n  t h e  

t imel i ne analysis.  

The fo l lowing summary takes each o f  the  major pieces o f  equipment from Table 

I V  and summarizes gene:al crew i n t e r f a c e  charac te r i c t i cs .  

RETENTION STRUCTURE - provides c a p a b i l i t y  t o  s to re  spacecraft  i n  the o r b i t e r  

bay. 

- The payload bay must provide an adequate handrai l  s t r uc tu re  f o r  

crewmember t r a n s f e r  from the  a i r l o c k  t o  the  re ten t i on  s t ruc tu re .  



PLSS DATUM "A" 

LSS DATUM "F" 

L5S DATUM "E" 

GEOMETRIC 
CENTER OF 
THRUSTERS 

HC POSITION 

MAXIMUM 
ARM POSITION 

NOTE: DIMENSIONS I N  INCHES 

FIGURE 17. OUTBOARD PROFILE OF THE MMU 



FIGURE 18. THE MMUIFSS-TO-EMU INTERFACE 
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TABLE IV. SATELLITE SERVICING SCENARIO SUMMARY 

0- 1 0.1 0 -4  0 -4  

I DIRECT DELIVERY 

u 1 NOMINAL 

RETENTION STRUCTURE 

@ 

- 

0 

MULTIPLE 
rAYLOA0.  

SPECIAL' R tTENTION STR 

LOUIPMENT STORAGE PROV181 

FLU10 TRANSFER SYS 

T I L l  TABLE 

WIN TamLc 

r l c ~  
RMS 

OCP TI1.T TABLE W I  PLAT 
OCPIRMS 

MFR.RMS 

MMU:WRU 
WIENO EFFECT 

W!STABILIZER 
WlPL'D MOLG 
PROX om uon 

PROX O I S  MODULE 
- MANNED VERSION 

PROX OPS MOOULC 
- MTV AOAP'N 

nrr 
NON CONTAM ACS 

MTV 

vrs 
Wi00CUlNG RENDEZ 
WIENO EFFECT 
W!QEBRIS CAPTURE 

A r o c e m  
WI RM. 
W/CWECKOUT 

WlCL PROX CONT 

- 
R-a R-4 

DIRECT 
DELIVERY I E V I S I T  

NOMINAL (MMS) 
TYPE PAVLOAD 

SUN SWILL0 

OROITAL STORAGE 

A L I .  TR*NSPACIAGE 

LIGWTING ENWANCFMENl 

RMS INOPERATIVE 

ER.4 hR.5 E R 4  ER-rn 

o l w l c r  DELIVERY RETURN 

NOM (MMbTYPE)PVLD y,",",' CON .ENS. 
COO*/NON-COOP colNoN.co CO/NON.CO 

I 

nETENTION STRUCTURE 

"SPECIAL" RETENTION STR 

EQUIPMENT STORAGE PROVISION 

FLUID  TRANSFER SYB 

TILT TABLE 

W I N  TAOLE 

PlDA 

RMS 

OCP-TILT TABLE W* PLAT 

MMUIWRU 
WIENO EFFECT 
W/STIBILIZER 
WIPL'D HOLG 
PROX OPS MOO 

PROX DPS MODULE 
- MANNED VERSION 

PROX OPS MODULE 
- MTV AOAP'N 

nrr 
NON.CO..ITAM ACS 

MTV 

V S8 
WlDOCKlNO RENOEZ 
WlEND EFFECT 
W/DCDRID CAPTURE 

AFD C.8 
WIRMS 
WICMECKOUT 
W/CL PRDX CONT 

W T I O N A L  

SUN SHICLO 

ORBITAL STORAGE 

ALTITUDE TRANS PACKAGE 

LIGMTIUG ENHANCEMENT 

RMO INOPERATIVE 
- - -- 

CODE a PI I Y E  USAGE @ OPTIONAL 4 MMUlW'1.J R E 0  D A US REPORT 

0 BACKUP 01 SECOND J JSLCONO MMUIW~U RLO.D COVERAOE 
MMU/WRU REP'D * E V A  VIA MAND~AILSOPTIONAL 



4.2.4 (Continued) 

- The crewmember must be capable o f  s t a b i l i z a t i o n  and poss ib le  

two-handed work ab i  1  i ty.  

- I n  case o f  ma1 func t ion ,  t h e  manual release o f  t he  r e ten t i on  la tches  

must be safe, i.e., if the  la tches * re  sp r ing  loaded t h e  f o r ce  

exerted upon t he  astronaut may be up t o  35 lbs.  

- Provide e i t h e r  a  j s t t i s o n  mode o r  crewmember manual r e t r a c t u a i  made 

f o r  contingency. 

- The manual r e ten t i on  release mechanism must be db le  t o  accommodate 

the  EMU glove (must extend beyond t h e  plane o f  t he  r e t e n t i o n  

s t r uc tu re  by c t  l e a s t  5.0" (12.8 crn)). 

- The r e t e n t i o n s t r u c t u r e m u s t  no t  e x c e e d t e m p e r a t u r e l i m i t s o f  t he  

EMb . 
RMS - deploy; spacecraft from cargo bry and r e t r i e v e  f r e e  f l y i n g  s t ruc tu res .  

Condi t ions same above. 

- Must a l low f o r  r ou t i ne  mat ing o f  EVA manned s t ruc tu res  such as t h e  

OCP. 

OPEN CHERRY PICKERIRMS - t ranspor t  EVA astronaut and equipment. 

- S/C equipment and t o o l s  sha l l  be EVA compatible. 

- Controls and d isp lays  sha l l  be EVA compa~ib le .  

- OCP designed f o r  crewmember comfort, 

- The manual r e ten t i on  release mechanism must be ab le  t o  accommodate 

the EMU glove (must extend beyond t he  plane o f  the r e ten t i on  

s t r uc tu re  by a t  l e a s t  5.0" (12.8 cm). 

- The re ten t i on  s t r u c ~ u r e m u s t  n o t e x c e e d t e m p e r a t u r e l i m i t s o f  the  

EMU. 



4.2.4 (Continued) 

MANIPULATOR FOOT RESTRAI NT/RMS - s tab le  work p l a t  form. 

- Same as OCP/RMS. 

- Sate1 l i t e  a r  debr is  r e t u r n  operat ions must prov ide f o r  ex t r a  r a r e  i n  

deal i ng w i t h  sharp edge;, damaged appendages, r a d i a t i o n  o r  con- 

tamination. 

SPECIAL RETENTION STRUCTURE - prov ide storage f o r  i n a c t i v e  s a t e l l i t e s  and 

space debr i  s. Same condi t ions as r e ten t i on  s t ructure.  

EQUIPMENT STOWAGE PROVISION - o r b i t e r  cargo bay stowage o f  any t ype  o f  

OR EQUIPMENT. 

- The operat ion o f  stowage actuators  s h a l l  conform t o  crewmember 

grasp envel ope. 

- Access must be provided f o r  astronaut t o  r e t u r n  t o  t he  a i r l o c k  from 

the  rear  o f  o r b i t e r  wh i le  a  l a rge  payload i s  pos i t i oned  i n  t h e  

r e ten t i on  s t ructure.  

SPIN TABLE - spins spacecraf t  t o  impact a separat ion AV. Same condi t ions as 

r e t e n t  i o n  s t ruc tu re .  

PIDA - move l a rge r  payloads i n  and out o f  payload bay. 

FLU!D TRANSFER SS;STE?4 - prov I de rep1 en i  shment of S/C propel 1  ant. 

- Crewmember must be ab le  t o  perform backup operations. 

- Contamination Control .  

- Provide accurate i n d i c a t i o n  o f  t he  re fue l  l e ve l  and pt .essur izat ion 

l eve l  . 
TILT TABLE - ro ta tes  payload out o f  Say. 

- Manual r ~ v e r r i d e  o f  tilt t a b l e  arms - incl t ides a1 1 condi t ions asso- 

cr aeed w i t h  the r e ten t i on  s t ruc tu re .  



SECTION 5.0 

SATELLITE SERVICING PROCEDURE TIMELINE ANALYSIS 

I n  t h i s  po r t i on  o f  the  sate1 l i t e  se r v i c i ng  study, t h e  l o g i c  employed i n  devel-  

oping t h e  procedures and t i m e l i n e  analyses f o r  t he  e i gh t  (8) d e t a i l e d  scenarios 

i s  presented. Two (2)  simple example scenarios (Dl and 02) a re  d e t a i l e d  i n  

order t o  exp la in  the  methodology employed i n  analyz ing a1 1 12 cif t h e  scenarios. 

(See Figures 19a and 19b f o r  g. aphic i l l u s t r a t i o n s ) .  

5.1 SATELLITE SERVICING SCENARI3 D l  - INITIAL LAUNCH 

S a t e l l i t e  se r v i c i ng  scenar io D l  i s  an i n i t i a l  launch scenar io i n  which EVA 

i s  requi red i n  ? contingency mode. The contingency modes f o r  t h i s  scenar io 

cons is t  o f  backup f o r  e i t h e r  r e ten t i on  l a t c h  o r  appendage malfunct ion.  Each 

of these backup modes i s  analyzed i n  t h e  f o l l ow ing  paragraphs. 

5.1.1 Retention Latch Mal funct ion 

The analys is  o f  t h i s  scenar io assume t h a t  a problem e x i s t s  w i t h  a r e t e n t i o n  

la tch,  i n  t h a t  t h e  mechanism has f a i l e d  t o  unlatch,  prevent ing removal and 

deployment o f  t he  sate1 l i t e  from t h e  payload bay ( v i a  t he  RMS). The astronaut 

must disengage t h e  f a u l t y  mechanism i n  order  t o  co r rec t  t h e  s i t u a t i o n  and 

ensure mission success. The t i m e l i n e  analys is  u i  t h i s  and a l l  o ther  scenarios 

assuumes t h a t  the  astronaut has campletee prebreathe a c t i v i t i e s ,  has donned 

the  s u i t ,  has v e r i f i e d  t h e  operat ional  hea l t h l s t a tus  o f  t h e  EMU, and i s  i n  

t he  a i r l o c k  ready t o  begin t he  EVA. Also, post EVA a c t i v i t y  i s  no t  inc luded 

i n  time1 i ne analysis.  Time1 i nes f o r  a1 1 sate1 1 i t e  se rv i c i ng  scenarios 

i n i t i a t e  when the  astronaut opens the  a i r l o c k  hatch, and conclude when t h e  

astronaut has re-entered t h e  a i r l o c k  and closed t h e  a i r l o c k  hatch. 

Table V l i s t s  the  EVA a c t i v i t i e s  the  astronaut must perform i n  order  t o  

implement the  mission. The task times associated w i t h  each o f  t he  operat iona l  

steps have been estimated based upon data obtained from WIF (Water Immersion 

F a c i l -  i t y )  tank t e s t i n g  which invo lves the  use o f  t h e  EMU f o r  s a t e l l i i e  

se rv ic ing  on such s t ruc tu res  as t h e  space telescope (handl ing of replacement 

modules). I n  add i t i on ,  t i m e l i n e  data from Apol lo and Skylab missions, and 

simf-1ator-s are considered. Factors incorporated i n  determining the  t ime1 i n e  

@- t imates  inc lude conp lex i t y  o f  the  task in;olved and the  t r a n s l a t i o n a l  

ztances wliich must be tcaversed w i t h i n  t h e  payload bay, c lose  t o  the  

o r b i t e r ,  and near the  o r b i t e r .  
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5.1.1 (Continued; TABLE V 

I n i t i a l  Launch 

D l  Woninal Deploy~lent Sequence 

Backup For Retention Latch Hangup 

Leave A i r  Lock 
Translate To Tool Storage 
Obtain Equipnent 
Translate To MFRIRUS 
Attach I F R  In to  Rm End Effector 
Lock In to  WR 
Translate RMS To Retention Latch 
Manual i y  Release Retention Latch 
Translate RMS To Storage Posit ion 
Unlock F m  MFR 
Detach f f R  Fron RMS End Effector 
Translate To Tool Storage 
Return Equipnent 
Trans1 ate To A i r  Lock 
Enter A i r  Lock 

* With Computer Cantrol Of RbfS 

S t e ~  No. 1 

Task Tirne (Min.) 

1 
1 
5 
1 
.5 
.5 
1.5* 
10 
1 .5* 
.5 
-5  

Cm. lime (Min.) 

1 
2 
7 

;r 
8.5 
9 
10.5 
20.5 
22 
22.5 
23 
24 
29 
30 
3 1 

I n  scenar io  Dl t h e  f i r s t  a c t i v i t y  t h e  as t ronau t  must per form i s  t o  l eave  t h e  

c i r l o c k .  Th is  i n v o l v e s  t h e  opening of t h e  a i r l o c k  hatch, s tepp ing  through 

t h e  hatch i n t o  t h e  payload bay, and then  c l o s i n g  t h e  a i r l o c k  hatch. The 

a i r -  luck hatch i s  shown i n  F igu res  20 and 21. Based upon t h e  r e l a t i v e  

r o u t i n e -  ness of a c t i v a t i n g  t h e  a c t u a t o r  handle, opening t h e  hatch,  s tepp ing  

throu(!n ',he hatch i n t o  t h e  payload bay, c l o s i n g  t h e  hatch and latching t h e  

hdtch, i t  q a i  been est imated t h a t  a  t i m e  of 1.0 minutes i s  r e q u i r e d  t o  

!)erfcrri:i d l  1 of t h e  above 1 i s t e d  a c t i v i t i e s .  (F igu re  22 presents  t n e  view o f  

t ne  3 i r : o c k  hdtch w i t h i n  t h e  S h u t t l e  bay). Also dep ic ted  w i t h i n  t h e  f i y ~ r e  

d r e  n d n d r a l l s  which the  as t ronau t  can use f o r  support ,  s t a b i l i z d i i m ,  and 

t r ~ n s l ~ t i o r ~ a l  3 c t i v i t i e s  w h i l e  o p e r a t i n g  w i t h i n  t h e  payload bay. 









5.1.1 (Continued) 

Step No. 2 

The second step requires the astronaut t o  t rans la te  t o  the t o o l  storage area 

(MESA) i n  order t o  obtain the equipment necessary t o  e f f e c t  a repa i r  on the 

ma1 funct ioning re ten t ion  latch. The time associated w i th  t h i s  a c t i v i t y  has 

been estimated t o  be 1.0 minutes due t o  a t rans la t iona l  distance o f  approxi - 
mately 10 feet.  Handrails located along the sides o f  the shu t t l e  bay are 

employed as an a i d  during the  t rans la t iona l  a c t i v i t i e s .  

Step No. 3 

The t h i r d  a c t i v i t y  requires the astronaut t o  obtain the necessary equipment 

from the MESA i n  order t o  e f f e c t  the  l a t c h  repair. This a c t i v i t y  has been 

estimated t o  take 5.0 minutes o f  EVA time. The MESA and equipment layout  

are shown i n  Figure 23. Although a predetermined set o f  t oo l s  are required 

t o  e f f e c t  l a t c h  repair ,  a 5.0-minute t ime l ine  i s  required a t  the  MESA since 

the  astronaut must lock i n t o  the  foot  r e s t r a i n t  and obtain the Droper combination 

o f  too ls  necessary f o r  l a t c h  repair .  The astronaut te thers the required 

MESA bags v i a  the caddy te the r  r i n g  and r e s t r a i o t  tethers, thus min is iz ing  

problems associated w i th  t ransport ing mu l t i p le  MESA bags t o  the repa i r  s i t e .  

Step No. 4 

Once the astronaut has obidined the proper equipment, he must unlock from 

the foo t  res t ra in t s  and t rans la te  v ia  use o f  the handrai ls t o  the RMS end 

ef fector .  The t rans la t iona l  t ime has been estimated a t  1.0 minutes due t o  

the  short  t rans la t iona l  distance involved (approximately 50 fee t ) .  

Step No. 5 

The next step i s  f o r  the astronaut t o  ass is t  i n  i nse r t i ng  the  Manipclator 

Foot Restraint (XFR) i n t o  the RMS end e f fec to r  v ia  the grapple f i x t u r e  i n  

the MFR. (The MFR concept i s  shown i n  Figure 24.) A t yp i ca l  grapple f i x t u r e  

used f o r  capturing equipment v ia  the RMS end e f fec tor  i s  shown i n  Figure 25, 

and the RMS end e f fec to r  i t s e l f  i s  shown i n  Figure 26. Typilzal operation o f  

the RMS end e f fec to r  and a grapple f i x t u r e  i s  shown i n  Figure 27. These 

figures i 1 lus t ra te  +he straightforward procedure fo r  at tachins the MFR t o  

the RMS. 





ROTATING 
FOOT RESTRAINT 

FOOT RESTRAINT 
ASSEMBLY 

RMS 

FIGURE 24. MANIPULATOR FOO-i RESTRAINT COKCEPT 

PROBE 

FIGURE 25. ELECTRICAL FLIGHT GRAPPLE FIXTURE 
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PAY LOAD GRAPPLE PAY LOAD 
SNARED POSITION 

2 

PAY LOAD GRAPPLE 
INSIDE OPEN END 

1 OF END EFP ECTOR 

WITH RING I N  FORWARD WIRE STORED. 
POSITION. WIRES STORED. 
PAYLOAD GRAPPLE ENTERS 
OPEN END OF EFFECTOR. 

WIRES STORED 

END EFFECTOR 

INNER ROTATING RlNG 

OUTER R IN6  

aRAppa 
END EFFECTOR RlNG 
BEGlNS TO ROTATE. 
WIRES BEGIN TO CLOSE 
ONTO PAY LOAD GRAPPLE. 

GRAPPLE CAP END EFFECTOR RlNG 
FULLY ROTATED. 
WIRES CLOSED ON 

OPERATION OF BALL SCREW & NUT PAYLOAD GRAPPLE, 
WITHDRAWS WIRES PULLING PAYLOAD CENTERING I T  & 
INTO CULL CONTACT 8: KEYED ORIENTATION. CAPTURING PAYLOAD. 
FURTHER OPERATION TENSIONS WIRES 

EE/PAY LOAD RlGlDlZlNG THE CONTACT. 
INTERFACE 

FIGURE 27. SNARE E/E -CAPTURE AND RlGlDlZE SEQUENCE 



5.1.1 (Continued) 

I n s e r t i o n  o f  t he  MFR grapple f i x t u r e  i s  a  r o u t i n e  task and i s  est imated t o  

t ake  0.5 minutes t o  complete. The ac tua l  capture o f  t he  grapple f i x t u r e  

w i t h  t h e  end e f f e c t o r  w i l l  be ~ 0 n t r 0 l l ~ d  from w i t h i n  t he  s h u t t l e  a t  t h e  a f t  

f l i g h t  deck (AFD) w i t h  verbal  a s s i s t  from t h e  EVA astronaut i n  t h e  payload 

bay. The AFD i s  shown i n  Figures 28 and 29. 

CONTROLS 

CLOSE PROXIMITY 
PLIGHT CONTROL 

- 
POTENTIAL LOCATIONS OF .4FT FLIGHT DECK (AFD) 
CLOSE PROXIMITY FLIGHT CONTROL PANEL 

RMS CONTROLS 
/e DISPLAYS 

SATELLITS 

FIGURE 28. POTENTIAL LOCATIONS OF AFT FLIGHT DECK (AFD) 
STANDARDIZED SATELLITE CHECKOUT CONTROL PANEL 



5.1.1 (Continued) 

TRANSLATIONAL 
HAND CONTROLLER 

(THC) 

PANEL A7 
CCTV CAMERA CO 
AND EXTERNAL L 
CONTROLS 

TORS 

ROTATIONAL HAND CONTROLLER (RHC)/ 
(INCLUDES MANUAL CAPTURE/RELEASE. RATE HOLD 
AND VERNIER RATE SELECT) 

FiGURE 29. RMS OPERATOR STATION 

Step No. 6 

Once t h e  MFR has been connected t o  t h e  RMS, t he  astronaut then mounts t h e  

MFR and locks  i n t o  t he  f oo t  r e s t r a i n t s .  The f o o t  r e s t r a i n t s  a re  s i m i l a r  t o  

those shown on the  MESA (refe:ence F igure 23). It should take 0.5 minutes 

f o r  t h e  astronaut t o  lock i n t o  t he  f oo t  r e s t r a i n t s ,  t e t h e r  t h e  equipment t o  

t h e  t o o l  b in ,  and s t a b i l i z e  h imse l f  w i t h  the  hand r e s t r a i n t s  p r i o r  t o  t r a n s l a t i o n  

( v i a  t he  RMS) t o  the  ma l func t ion ing  re ten t i on  la tch.  

Step No. 7 

T rans la t ion  o f  t he  astronaut t o  t h e  r e ten t i on  l a t c h  w i l l  be performed from the  

a f t  f l i g h t  deck v i a  con t ro l  o f  t he  RMS. It i s  estimated t h a t  t r a n s l a t i o n a l  

t ime w i l l  be minimal (1.5 minti tes). Operation o f  t he  RMS w i l l  be c o n t r o l l e d  

from the  AFC. The t imeless associated w i t h  t h i s  step have been est imated 

based upon two dimensional a i r  bear ing f l o o r  t e s t i n g  o f  the  RMS and t e s t s  i n  

Grumman Aerospace Corporat ion Large Amp1 i t u d e  Space Simulator (LASS). 
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Step No. 8 - 
Override o f  the  mal funct ion ing l a t c h  has been estimated t o  take  10 minutes 

s ince t he  backup mechanism should be mechanical ly noncomp:ex. It i s  noted 

t h a t  time1 ines associated w i t h  r e p a i r  o f  ma1 func t ion ing  equipment remain a  

f unc t i on  o f  the complexi ty o f  t he  r e p a i r  problem and may vary from t h e  

estimates. 

Step Nos. 9 through 15 

Upon completion o f  the  r e p a i r  ( i n  .Lais case t h e  un1a:ching o f  t h e  problem 

r e t e n t i o n  l a t c h )  t h e  f i r s t  seven s t e y  of t he  scenar io a re  regeated i n  

reverse order. The t imo l i nes  associated w i t h  each o f  those steps a ra  i d e n t i c a l  

t o  those p rev ious ly  discussed. 

Once t he  MFR has been removed from t h e  RMS end e f f ec to r ,  t he  .IS c~ s. usod 

t o  grapple the  s a t e l l i t e  w i t h i n  t he  payload bay and deploy t i t c  -tt ~ t e .  

thus saving t he  mission. The sequence o f  events d e t a i l e d  i n  t h i s  scenar io 

po r t r ay  the  need f o r  manned EVA i n  order t o  insure mission success. Althoc!gh 

robo t i c s  may a t  some t ime be used t o  e f f e c t  repa i rs ,  r obo t i c s  can i n  no ;day 

prov ide the f l e x i b i l i t y  man con t r ibu tes  t o  t h e  system operat ion loop. The 

development o f  r obo t i c s  capable o f  e f f e c t i n g  sate1 l i t e  se rv i c i ng  r epa i r s  o f  

a  complex nature has been estimated a t  B a t t e l l e  iabs t o  take a t  l e a s t  15 

years, whi ie  the bene f i t s  o f  manned EV1 have been demonstrated v i a  numet.ous 

space missions (Skylab, Apol l o ,  Gemini ). 

5.1.2 Appenda~e Ma1 f unc t i on  - 
I n  t h e  analys is  o f  t h i s  scenario, i t  i s  assume. t h a t  a  problem e x i s t s  w i t h  a  

sate1 1  i t e  appendage i n  t h a t  the appendage has f a i l e d  t o  deploy proper ly ,  

prevent ing f i n a l  deployment o f  the sate1 1  i t e  t o  t he  planned o r b i t .  As wzs 

t he  case w i t h  the r e ten t i on  la tch,  astronaut i n t e r f a c i n g  w i t h  the  f a u l t y  

mechanism i s  necessary i n  order t o  insure  success of the  mission. Several 

o f  t he  steps included i n  t ~ t i s  scenacio are ccm~mon t o  tne  p rev ious ly  discussed 

r e t e n t i o n  l a t c h  scenar io and w i l l  no t  be repeated i n  d e t a i l .  The p rev ious ly  

presented re ten t i on  l a t c h  scenar io w i  11 be referenced f o r  de ta i  l e d  exp lanat ion 

o f  the common scenar io steps. 
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Step Nos. 1 through 3 

Table V I  presents the d c t i v i t i e s  the astronaut performs i n  order t o  complete 

t h i s  scenario. The f i r s t  three steps o f  t h i s  scenario are i den t i ca l  t o  

those i n  the previously presented re ten t ion  l a t ch  scenario, I n  these three 

steps, the astronaut opens the a i r l ock  natch, steps i n t o  the  payload bay, 

closes the a i r l ock  hatch, t ranslates t o  the t o o l  storage area and obtains 

the equipment necessary t o  effect the  repai r s  on the ma1 funct ioning appendage. 

The t imel ines associated w i th  each o f  these three steps are i den t i ca l  t o  

those discussed i n  the re ten t ion  l d t c h  scenario (1.0, 1.0 and 5.0 minutes, 

respectively). 

TABLE V I  

I n i t i a l  Launch 

D l  Noleinal Depl oylaent Sequence 

Backup For Appendage Hangup 

Leave A i r  Lock 
Translate Tc Tool Storage 
Obtain Equipsent 
Tr, ~l ate To 11111 Lock Into 11111 
Tra:. .late To WRU Lock Into WRU 
Translate WYRU To Appendage Hangup 
Repair Appendage Ma1 function 
Translate W/HRU To PLB AESA 
Unlock Fran Wt/W 
Configure W And WRU For Re-entry 
Translate To Tool Storage 
Return Equi paent 
Translate To A i r  Lock 
Enter A i r  Lock 

Task Time (Min.1 CIJII. Time (Win.) 

$tep No. 4 

The four th  step i n  t h i s  scenario requires tha t  the astrcnaut t rans la te  from 

the too l  storage area t o  ttd Manned Maneuvering Unit/Work Restraint Unit  

(MMU/#RU area). This t rans la t iona l  a c t i v i t y  i s  estimated t o  take 1.0 minutes 

due t o  the short t rans lc t iona l  distance involved and i s  performed wi th  tne 

a i d  o f  the EVA h=ndrai ls ~-.cated w i th in  the Shutt le payload bay. The storage 

locat ion (PLB AESA) of the MKU wi th in  the Shutt le bay i s  shown i n  Figure 30. 



VIEW LOOKING FORWARD 

FIGURE 30. MMU LOCATIONS IN  CARGO BAY WITH AIRLOCK/TUNNEL ADAPTER 

Once the astronaut has reached the 8YMU storage pos i t i on  he must connect the  

EMU t o  the  MMU. The Mi by i t s e l f  and i n  a donned conf igurat ion i s  shown 

i n  Figure 31. Typical diiaensions of the MI were presented i n  Figure 17. 

Figure 32 presents a close-up view o f  the  equipment storage area i n  which 

the  ?lMU i s  stowed. 

Step No. 5 

Har t i n  Marietta Corporation estimates tha t  i t  ni l  1 take an astronaut 2.0 

minutes t o  don an H#U and lock i n t o  the  WRU. This conservative t ime l i n e  

a1 lows f o r  proper EMUIMMU in ter lock.  Time va r ia t i on  may occur i n  the  donning 

o f  the MMU since the astronaut must back i n t o  the u n i t  and lock i n t o  the 

mechanism. 'igure 33 displays the !!MU donning conf igurat ian. The actual 

EMU t o  MMU i n te r fac ing  was deta i led  i n  Figure 18. A ser ies of handrai ls are 

employed as aids f o r  the astror.aut i n  order t o  achieve the EMU t o  MNU i n te r lock .  

Once t,ie ast;onaut has donned the MMU, he must t rans la te  t o  the WRU and lock 

i n t o  the WRU. Locking i n t o  the WRU requires two in ter faces;  firs:, the 

astronaut must lock h i s  fee t  i n t o  the foot  rest ra int :  located on the WRU and 
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FIGURE 31. SPACE SHUTTLE MANNED MAMEUVERING UNIT (MMU) 

FIGURE 32. LAUNCH. ENTRY. AND ON-ORBIT STOWAGE 





secondly, engage the Mtr(\l wi th the WRU. The WRU i s  stored next t o  the MMU 

wi th in  the paylo& ksy, and as such, minimal t rans la t ion time i s  required 

f o r  movement between the two. An example o f  the WRU i s  shown i n  Figure 34, 

wi th the WRU t o  HMU engagement mechanism shown i n  Figure 35. Figure 36 

displays an example o f  an astronaut donnrd t o  an MMU uni t ,  and completed 

engagement w i th  the WRU. 

MAIN FRAME 

TILE CONTAINER 

UTRIGGER (2) 

WRU/MMU 
ENGAGEMENT 
MECHANISM (2 

FOOT RESTRAINT 
ADJUSTABLE PLATFORM 

FIGURE 34. WORK RESTRAINT UNIT 



DET ENT 
HANDLE 

. . 

FIGURE 35. THE WRU-TO-NIMU ENGAGEMENT MECHANISM 

FIGURE 36. WORK RESTRAINT UNIT 
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Step No. 6 

The s i x t h  step involves the t rans la t i on  o f  the astronaut and MMU/WRU t o  the 

malfunct ioning appendage. Based upon t e s t i n g  resu l t s  performed on the  N U ,  

i t  has been estimated t h a t  a t ime approximating 14.0 minutes w i l l  be required 

i n  order t o  e f fec t  the  t ranslat ion.  Although t h i s  t ime l ine  may appear 

conserva- t i v e  due t o  the  short  t r ans la t i ona l  distance involved, i t  i s  

expected i n  t h a t  the astronaut must manually control  h i s  departure from the 

payload bay and i n  doing so avoid any accidental impacts w i th  the  Shutt le 

c r a f t .  Secondly, the  astronaut must pos i t i on  himself  next t o  the  malfunct ioning 

sate1 l i t e  appendage so as t o  be able t o  effect the required repa i r  easi ly.  

The exact pos i t ion ing  o f  the  MMU/URU may requi re addi t ional  care on the  pa r t  

of the  astronaut so as not t o  c o l l i d e  w i th  the s a t e l l i t e  and t o  a t t a i n  a 

pos i t i on  r e l a t i v e  t o  the  s a t e l l i t e  such tha t  t he  necessary repa i r  can be 

eas i l y  achieved without tax ing  the  reach l i m i t a t i o n s  of the astronaut. 

Step No. 7 

A time1 i n e  of 10.0 minutes i s  estimated i n  order t o  properly deploy the 

s a t e l l i t e  appendage. This t ime l ine  may take more o r  lezs than the estimated 

t ime based upon the complexity o f  the repa i r  task involved. Only when the 

astronaut i s  capdbl? of accurately assessing damage o r  contingency operations, 

w i l l  t h e  task complexity be known. 

For the  i n i t i a l  launch, sate1 l i t e  deployment w i l l  be a r e l a t i v e l y  rou t ine  

repa i r  task. Appendages w i  11 t yp i ca l  l y  be deployed v i a  spring actuation, 

and as such, required repai rs  should consist  o f  items such as removal o f  a 

res t ra in ing  p i n  o r  simple impartat ion o f  a force upon the appendage i n  order 

t o  overcome the ma1 function. 

Step No. 8 

Upon completion o f  the repai r ,  the astronaut must tr- . , !s i?t l? the MHU/WRU back 

t o  the storage pos i t ion  w i th in  the Shutt le bay. P +ice of 14.0 minutes has 

been estimated by MMC fo r  t h i s  t rans la t iona l  act t.. <L? t 9  the care which 

must be taken 1) i n  the maneuvering o f  the MMU/WRU ir(d; f rom the s a t e l l i t e  

and 2 )  i n  the maneuvering o f  the MMU/WRU w i t h i r  the payload bay t o  the 

storage area. 
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Step No. 9 

Disengagement from the  WRU and MMU are r e l a t i v e l y  rou t ine  and have been 

estimated t o  take a t o t a l  o f  1.0 minutes. As was previously mentioned, the 

t rans la t iona l  distance between the  WRU and the MMU stowage pos i t i on  i s  

minimal, and i s  not a s i g n i f i c a n t  fac tor  i n  t h i s  t imel ine. 

Step No. 10 

The f ina l  task o f  any operation i n  which the  astronaut uses the MMU involves 

conf igur ing the  WRU and MMU f o r  re-entry. Based upon t e s t i n g  o f  t he  MMU 

(which included t ime l i n e  analys is)  completion o f  t h i s  task w i l l  take 34.0 

minutes. Preparation o f  the  MMU and WRU f o r  re-entry i s  more complex since 

a number o f  tasks are involved. These tasks include recharging o f  the  MMU 

w i t h  gaseous n i t rogen (GN2) and replacement of rechargeable bat ter ies.  

(Batter ies rmoved from the MMU w i l l  u l t ima te l y  be car r ied  by the astronaut 

i n t o  the  Shutt le cabin and recharged.) 

Step Nos. 11 through 14 

The remaining steps ( t rans la t i on  t o  t o o l  storage, re tu rn ing  equipment, 

t r ans la t i on  t o  a i r  lock and enter ing the  a i r  lock)  have been discussed 

previously i n  the re ten t ion  l a t c h  scenario, and w i l l  not be repeated herc. 

The t imel ines associated w i th  each o f  these four steps are appl icable throughout 

a1 1 o f  the sate! 1 i t e  serv ic ing scenari 0s. 

As w i th  the previously discussed re ten t ion  l a t c h  scenarios, WIF tank tes t i ng  

i l l u s t r a t e s  tha t  the p robab i l i t y  o f  manned EVA provid ing mission success i s  

high. Increased f l e x i b i l i t y  i s  at ta ined through the use o f  EVA, prov id ing 

both operating and repa i r  capab i l i t i es  d i f f i c u l t  w i thout  the  use o f  man. I n  

addi t ion,  the analysis o f  the e igh t  (8) scenarios demonstrates the important 

r o l e  manned EVA can plan i n  ensuring success o f  various Shutt le serv ic ing 

missions. 

5.2 SATE!-LITE S E R V I C I N G  SCENARIO 02 - INITIAL LAUNCH 

Sate1 l i t e  serv ic ing scenario 02 i s  an i n i t i a l  launch scenario i n  which EVA 

i s  required f o r  both prime and backup s i tuat ions.  I n  t h i s  i n i t i a l  launch 

s i t ua t i on ,  the baseline assumption i s  tha t  a problem ex i s t s  w i th  the RYS, 

thereby rendering the u n i t  inoperative. Whenever the RMS i s  rendered i noperati ve 
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a man must perform the operations the RMS was scheduled t o  perform f o r  

mission success. Oependi ng upon the  complexity o f  the sate1 1 i t e  serv ic ing  

nission, a second astronaut may be required i n  order t o  e f f e c t  repai rs  

r e l a t i v e  t o  malfunct ioning re ten t ion  latches o r  appendages. I n  scenario 02, 

only one astronaut i s  required f o r  payload deployment and re ten t ion  l a t c h  

malfunction, whi le a second astronaut i s  required i n  order t o  repa i r  an 

appendage ma1 funct ion. Each o f  the three scenarios associated w i t h  sate1 1 i t e  

serv ic ing scenario D2 are discussed i n  the  fo l  lowing paragraphs. 

5.2.1 Pay1 oad Deployment 

Astronaut EVA i s  requi red i n  order t o  deploy the  sate1 1 i t e  through the  use 

o f  an MMU/WRU equipped w i th  an RMS type end ef fector .  This piece o f  equipment 

shown i n  Figure 37. 

FLOODLIGHTS (2) 

MANNED 
MANEUVERING 

SNARE END EFFECTOR 
UNIT 

MMUlWRU 
INTERFACE 

EXTENDABLE MAST 

6 IN. HT ADJUSTMENT 

MODIFIED WORK RESTRAINT UNIT 

FIGURE 37. CONCEPT FOR MMUaRU - END EFFECTOR ACAPTATION 

Table V I I  presents a l i s t i n g  o f  the EVA a c t i v i t i e s  necessary t o  complete a 

successful mission. f 5 2  t imel  i nes associated w i th  each o f  the scenario 

steps have been estimated based upon t rans la t iona l  distance data, complexity 

o f  task, data obtained from WIF tank tes t i ng  conducted upon numerous pieces 

o f  squi pment , Apol l o  and Sky1 ab t imel i nes , and simul ators. 
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5.2.1 (Continued) 
TABLE VI I  

INITIAL LAUNCH 

02  RMS INOPERATIVE DEPLOYMENT SEQUENCE 

PAY LOAD DEPLOYMENT 

1. LEAVE AIR LOCK 
2. TRANSLATE TO TOOL STORAGE 
3. OBTAIN EQUIPMENT 
4. TRANSLATE TO MMU LOCK INTO MMU 
5. TRANSLATE TO WRU LOCK INTO WRU 
6. TRANSLATE MMU/WRU TO SATELLITE STORAGE AREA 
7. ATTACH MMUlWRU TO SATELLITE 
8. TRANSLATE SATELLITE TO DEPLOYMENT AREA 
9. DEPLOY SATELLITE APPENDAGE 

10. RELEASE SATELLITE FROM MMUlWRU 
11. TRANSLATE MMUIWRU TO PLB AESA 
12. UNLOCK PROM MMUlWRU 
13. CONFIGURE MMU AND WRU FOR RE-ENTRY 
14. TRANSLATE TO TOOL STORAGE 
15. RETURN EQUIPMENT 
16. TRANS 'E TO AIR LOCK 
17. ENTER .OCK 

TASK TlME (MIN.) CUM. TlME (MIN.) 

SCENARIO ASSUMES WRU IS EQUIPPED WITH RMS TYPE END EFFECTOR 

Steps Nos. 1 through 5 

For the  payload deployment po r t i on  t he  f i r s t  f i v e  steps invo lved are s i m i l a r  

t o  those prev ious ly  discussed f o r  t h e  appendage malfunct ion po r t i on  o f  scenario 

Dl. I n  addi t ion,  s ince these steps are i d e n t i c a l  t o  those i n  scenario D l ,  the  

t ime l ines  associated w i t h  each step are i d e n t i c a l  t o  tqose prev ious ly  pre- 

sented. Although t o o l s  are not  a c t u a l l y  requi red by t he  astronaut i n  t he  pay- 

load deployment sequence o f  t h i s  scenario (should a l l  aspects o f  the scenario 

be implemented as scheduled), the  t o o l s  are included should the  astronagt en- 

counter a  contingency mode (such as a  ma1 func t ion ing  re ten t i on  l a t ch ) .  blhere- 

as some supplementary EVA t ime i s  added i n  o b ~ a i n i n g  and re tu rn ing  the  too ls ,  

t h i s  expended t ime may save the  astronaut a  s i g n i f i c a n t  amount o f  mission t ime 

should he f i n d  h imsel f  unable t o  open a  mal funct ion ing re ten t i on  l a t c h  which 

pre-EVA analys is  f a i  1  ed t o  i den t i f y .  

Step No. 6 

The s i x t h  step requi res the astronaut t o  t r ans la te  the  MMUIbiRU from w i t h i n  the 

payload bay t o  a  p o s i t i o n  near the stowed s a t e l l i t e .  A t ime o f  14.0 minutes 
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has been a l l o t t e d  f o r  t h i s  step based upon Mart in Marietta Corporation 

t e s t i n g  o f  the MMU. As noted, t h i s  conservative t ime l ine  i s  j u s t i f i e d  since 

the  astronaut must use caut ion when leaving the payload bay v i a  the  WU/WRU. 

Secondly, the astronaut must pos i t i on  the  MMU/WRU over the RMS grapple 

f i x t u r e  such t h a t  the f i x t u r e  may be captured v ia  the RMS type end e f fec tor  

on the  WRU. Care must be taken t o  ensure t h a t  accidental c o l l i s i o n  does not 

take place between the MMU/WRU and the  stored s a t e l l i t e .  

Step No. 7 

This next step involves the actual capture o f  the s a t e l l i t e  through the use 

o f  the RMS type end e f f e c t o r  located on the  WRU. A t ime o f  5.0 minutes has 

been estimated f o r  t h i s  step. Although the actual capture and r i g i d i z a t i o n  

sequence i s  r e l a t i v e l y  short, addi t ional  EVA time has been a l loca ted  t o  

a l low fo r  f i n a l  pos i t ion ing  o f  the MMU/WRU p r i o r  t o  capture. 

Upon completion o f  the capture and r i g i d i z a t i o n  seauence, the  re ten t ion  

latches (which were previously tested from the a f t  f l i g h t  deck and determined 

t o  be operating co r rec t l y )  are released permi t t ing  the  s a t e l l i t e  t o  be 

t rans l  ated t o  the deployment area. 

Step No. 8 

I n  t h i s  step, the astronaut i s  required t o  remove the s a t e l l i t e  from the 

payload bay and t rans la te  the s a t e l l i t e  t o  the deployment area. A t ime o f  

14.0 minutes has been a1 lowed f o r  t h i s  step based upon resu l ts  o f  Mart in 

Mar iet ta Corporation tes t i ng  f o r  t rans l  at ional  a c t i v i t i e s  invol  v i  ng the use 

o f  the MMU. I n  addit ion, the length o f  t h i s  t ime l ine  i s  j u s t i f i e d  since the 

astronaut must exercise care when removing the s a t e l l i t e  from the payioad 

bay stowage area so as not t o  damage any equipment. Upon achieving removal 

o f  the sate1 li t e  from the payload bay, actudl t r ans la t i on  o f  the equipment 

t o  a deployment area i s  a r e l a t i v e l y  straightforward task. 
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Step No. 9 

Step No. 3 c a l l s  f o r  deployment o f  s a t e l l i t e  appendages. For t he  ?.stronaut 

t h i s  step i s  a c t u a l l y  a "standby" as he w i l l  no t  he invo lved  i n  t h e  actua l  

appendage deployment . Appendage depl oyment w i  1 1 be con t ro l  l e d  v i  a ground 

command w i t h  t h e  astronaut s imply v e r i f y i n g  t h a t  deployment has occurred. 

A t ime o f  10.0 minutes has been a1 lowed f o r  actua l  appendage deployment and 

v e r i f i c a t i o n  t h a t  t he  appendages have locked i n t o  t h e  deployed pos i t i on .  I n  

add i t i on ,  f i n a l  operat iona l  s t a tus l hea l t h  checks p r i o r  t o  re lease o f  t h e  

s a t e l l i t e  i n t o  o r b i t  may be performed dur ing  t h i s  t ime frame. 

Step No. 10 

Upon complet ion o f  appendage deployment and f i n a l  operat iona l  s t a tus l hea l t h  

chocks, t h e  sate1 li t e  w i  11 be ready f o r  re lease i n t o  o r b i t .  F ina l  re lease 

of t h e  sate1 l i t e  w i l l  be accomplished by t h e  impar ta t ion  o f  a t r a n s l a t i o n a l  

v e l o c i t y  of approximately 1.0 f t l s e c  upon t h e  u n i t  t t r ough  t h e  use o f  t h e  

MMUIWRU. Upon at ta inment o f  t he  des i red v e l o c i t y  and o r b i t a l  d i r ec t i on ,  t he  

RMS end e f f ec to r  on t he  WRU w i l l  be opened, and t h rus te r s  on t he  MMU used t o  

slow t h e  speed o f  the  MMUIWRU. The s a t e l l i t e ,  once released from the  RMS 

end e f f e c t o r  w i l l  move toward i t s  des i red o r b i t a l  pos i t i on .  Thrusters on 

t h e  sate1 l i t e  may be con t ro l  l e d  v i a  ground command f o r  impar t ing f i n a l  

sate1 1 i t e  o r b i t a l  and a t t i t u d e  adjustments. 

A t ime o f  2.0 minutes has been est imated f o r  f i n a l  re lease o f  t h e  sate1 1 i t e .  

Step Nos. 11 through 17 

The remaining steps i n  t h i s  scenar io have been presented p rev ious ly  i n  t he  

appendage malfunct ion p o r t i o n  o f  s a t e l l i t e  se r v i c i ng  scenar io D l .  The t ime-  

l i n e s  presented f o r  each o f  these steps a re  app l i cab le  f r , ,  a l l  scenarios r e -  

qu i  r i n g  use o f  t he  MMU throughout a l  1 o f  t he  s a t e l l  Ste sel d ic ing  scenarios 

discussed i n  t h i s  repor t .  

The importance of manned EVA capabi 1 i t i e s  i s  again exempl i f i e d  s ince successful 

completion o f  t he  mission ob jec t i ves  occurs i n  s p i t e  o f  a ma l func t ion ing  

RMS. Should manned EVA c a p a b i l i t i e s  f a i l  t o  be developed t o  t h e i r  utmost 

potent i a1 , the  success probabi 1 i t y  o f  most sate1 1 i t e  se rv i c i ng  scenarios 

becomes questionable. 



5.2.2 Retent icn Latch Ma1 f unc t i on  

I n  t h i s  scenario, i t  i s  assumed t h a t  the  r e ten t i on  l a t c h  mechanism f a i l s  t o  

unlatch,  thereby prevent ing removal o f  t he  s a t e l l i t e  from the  payload bay ( v i a  

t h e  MMUIWRU) p r i o r  t o  deployment. The act ions requi red by t h e  astronaut i n -  

c lude steps prev ious ly  descr ibed i n  scenario Dl - Retent ion Latch Mal funct ion 

and scenar io D2 - Payload Deployment Ma1 funct ion.  

Due t o  the  beauty o f  t he  " b u i l d i n g  b lock '  approach, many o f  t h e  sate1 li t e  

se rv i c i ng  scenarios described have been analyzed by combining i s o l a t e d  i n f o r -  

mation. This methodology a1 lows de ta i l ed  zna lys is  o f  an) o f  t he  one hundred 

e igh ty - four  (184) sate1 1 i t e  se rv i c i ng  scenarios i d e n t i f i e d  by Grumman Aero- 

space Corporat i  on. 

Table V I I I  presents t he  se r ies  o f  steps which comprise a r e ten t i on  l a t c h  mal- 

f unc t i on  f o r  s a t e l l i t e  se r v i c i ng  scenar io D2. Since t he  l o g i c  which was i n -  

corporated i n t o  the  development o f  t ime l ines  f o r  each o f  these steps has been 

p rev ious ly  described, i t  sha l l  no t  be repeated i n  t he  ana lys is  o f  t h i s  scenario. 

The prev ious ly  described scenar io Dl may be reviewed f o r  a d e t a i l e d  ana lys is  o f  

t he  act ions which comprise t h i s  scenario. 

TABLE Vl l l  

I n i t i a l  Launch 

02 RMS Inoperat ive Deploynent Sequence 

Backup For Retent ion Latch Hangup 

Leave A i r  Lock 
Translate To Tool Storage 
Obtain Equi pnent 
Translate To MJ Lock I n t o  WJ 
Translate To URU Lock I n t o  URU 
Translate W/URU To Retent ion Latch 
Manually Release Retent ion Latch 
Transl a t e  CIFUIWRU To Sate1 1 i t e  Stowage Area 
Attach r(MI/WRU To Sate1 1 i t e  
Transl a t e  Sate1 1 i t e  To Depl oynent Area 
Deploy Satel 1 i t e  Appendages 
Release Sate1 1 i t e  From W/WRU 
Translate MMUIWRU To PLB AESA 
tinlock From HF1l/WRU 
Configure WJ And WRU For Re-entry 
Translate To Tool Storage 
Return Equi pnent 
Transl a t e  To A i r  Lock 
Enter A i r  Lo;- 

Task Time (Min.1 

1 
1 
5 
2 
1 
14 
10 
3 
2 
14 
10 
2 
14 
1 
34 
1 
5 
1 
1 

Cun. Time (Min.1 

Scenario Assunes URU I s  Equipped U i t h  RMS Type End E f f e c t o r  



5.2.3 Appendage Msl func t  i o n  

I n  t h i s  scenario, t h e  appendage(s) has f a i  l e d  t o  den1 cy proper ly,  prevent ing 

u l t ima te  deployment o f  t h e  sate1 1 i te. The astron:. $2-forms a combination o f  

steps p rev ious ly  descr ibed i scenario Dl - Appendage Ma1 f unc t  i o n  and scenar io 

D2 - Payload Deployment Msl funct ion.  Hcdever, s ince t h e  RMS has bee l  rendered 

inoperable due t o  an equipment ma l func t ion  (2nd an astronaut i s  r2qu i red  t o  

perform t h e  a c t i v i t i e s  which would have been perrwmed by t h e  RMS), a secocd 

EVA astronaut i s  requi red i n  w d e r  t o  r e p a i r  t he  appendage and complete t h e  

mission. 

The sequence o f  steps necessary t o  complete t h i s  mf rs ion  are presented i n  Table 

I X .  

TABLE IX 
I n i t i a l  Launch 

D2 Rf4S Inoperative Oepl oywn t  Sequence 

Backup For Appendage Hangue 

F i r s t  WII/NRU 

1. Leave A i r  Lock 
2. Transl ate To Tool Storage 
3. Obtain Equipten* 
4. Translate To COlJ LO? I n t o  m' 
5. Trans1 ate To I (IRULOC l n t w  YRU 
6. Translate )+V/URU To S a t e l l i t e  Storage Area 
7. Attach W/HRU To S a t e l l i t e  
8. Translate Sate l l  i t e  To Oeploywnt Area 
9. Deploy Sate1 1 i t e  Appendages 

10. Standby 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. Release S a t e l l i t e  From C)IL/YRU 
19. Translate W/NRU To PLB AESP 
20. Unlock From W/YRU 
21. Configure MI And WRU For Re-entry 
22. Translate To Tool Storage 
23. Return Equi pnent 
24. Transl ate To A i r  Lock 
25. Enter A i r  Lock 

Second W / Y R U  Ta;k Time jMfn.1 

1 
1 
5 
1 
2 

14 
2 

14 
10 

Leave Af r  Lock 1 
Translate To Tool Storajie 1 
Cbtain Equipnent 5 
Translate To )+V Lock I n t o  HPV 2 9 
Translate To WRU ~ o c k  I n t o  WRU 1 
Translate !W/liRU To Appendage 14 
Repair Appendage Ma1 func 10 
Trans1 ate Away Frofn Sat . .e 7 
Standby 2/- 
Translate lMl lYRU To PLL AESA 14/14 
Unlock Fran CIFRIIfiU 111 
Configure P)U An* YRU For Re-entry 34/34 
Translate To Tool Storage l!l 
Return Equlpnent 515 
Translate Tn A i r  Lock 111 
Enter A l r  Lock 111 

tun Time (Min.1 

Scenario Assune 1 ~ L U  t s  Eourpped WD'J 1s Eqyl?peP h l t h  PMS Type fr-6 EffectorrTth llz er 
I 

Step Nos. 1 through 9 

For the  f i r s t  astronaut, t h e  f i r s t  n ine step5 are i d e n t i c a l  t o  those described 

i n  the  payload deployment tnal funct ion of scenario D2. A problem a r i ses  dur ing  

t he  9 t h  step i n  t h a t  an appendage has f a i l e d  t o  deploy i t s e l f  p roper l y  v i a  t he  

ground cot.tro1 deployment operation. A second ?=t ronaut  w i  l! then be requ i red  

t o  r e p a i r  the  s a t e l l i t e  and complete the r r 'cs ion scenario. 



5.2.3 (Continued) 

Step Nos. 10 throuqh 16 - 
Step Nos. 10 through 16 apply t o  the second astronaut. These steps are i d e n t i -  

cal  t o  the f i r s t  seven steps usea i n  appendage malfunction f o r  scenario 01 and 

are referenced for  a deta i led analysis o f  the t imel ines estimated f o r  each o f  

the actions. 

It has been assumed i n  a l i  s a t e l l i t e  serv ic ing rcenarios tha t  the sacond astro- 

naut has performed prebreathe a c t i v i t i e s ,  donned a su i t ,  v e r i f i e d  the opera- 

t i c n a l  heal th is tatus o f  a second EMU, and i s  ready t o  begin an EVA Trm the 

po in t  o f  the a i r lock  hatch. 

Step Ho. 17 

Upcn completion of the ef fected appendage repair, the  second astronaut w i l l  

t rans la te  a u ~ y  'rom the sate? 1 i t e  i n  arder f o r  the f i r s t  astronaut t o  continue 

w i t h  the planned dep-oyment sequence. A t ime o f  7.0 minutes has been allowed 

fo r  t h i s  step. This time i s  exact ly 112 the t ime l ine  determined f o r  t ransla-  

t i c n a l  a c t i v i t i e s  through Mart in  Mar iet ta tes t i ng  o f  the MMU. It i s  be1 ieved 

tha t  a shorter time frame i s  aopl icable f o r  t h i s  step since the t rans la t iona l  

d i  stance i s  short and the a c t i v i t y  potent ia l  l y  uncmpl icated. The second 

astronaut must t rans la te  away from the s a t e l l i t e  and a t t a i n  a standby posit ion, 

prepared t o  a id  the f i r s t  astronaut should addi t ional  problems develop during 

depl oy~nent a c t i  v i  ti es 

Step No. i8 

During Step No-,. iC t h r o ~ g h  17 the f i r s t  astronaut has rema;ned i n  a standby 

pos i t i o i~ ,  s tao i l  i z i  ng the s 3 t e l l  i t e  whi le  the appendage repai rs  were being 

effected. Upon com~ le t i on  o f  the repairs, the firc,t astronaut i s  rpady t o  con- 

t inue t9e mission by deploying the s a t e l l i t e  towards i t s  o r b i t a l  p o s i t i ~ n .  

The actual depl oynent sequence has beer: prp-r icus l j  descri Led i n  the pay1 oad 

uepl ~yment ma1 funct ion o f  scenario 02. 

During t h i s  2.0 mnute  step i n  the scenario, the second a5tronaut w i l l  re.nain 

i n  a standb;. oode, re3dy t o  a id  shollld any addit ional problems arise. 

$top Nos. ' 0  througn 25 

Step Nos. .9 through 25 are i den t i ca l  t o  the f i n a l  seven steps described i n  the 

pay1 oGL: dep: oyment Se$il ‘rice o f  scenario D2, provided tha t  both astronauts 



5.2.3 (Continued) 

perform the a c t i v i t i e s  i n  paral le l .  The t imel ines f o r  each o f  the  steps are 

ident ica l  t o  those previously described. 

Timeline analysis f o r  each o f  the e igh t  (8) key scenarios deta i led  i n  t h i s  

report  may be found i n  Appendix A. The log i c  employed i n  the development o f  

each scenaric 7 :  i den t i ca l  t o  tba t  used used i n  the d e v e l o p a ~ l t  o f  these two 

(2) scenarios. Based upon the  analysis of these two scenarios, i t  may be shown 

how port ions o f  any two (2) o r  more scenoifu; may be combined t o  estimate time- 

l i n e s  f o r  any por t ion o f  t h t  one hundred eighty-four (184) scenarios i d e n t i f i e d  

by G r u m n a ~  Aerospace Corpcrati on. 

The analysis o f  e ight  (8: scenarios demonstrates the requi r e n t  f o r  manned 

EVA i n  order t o  provide f l e x i  b i l  i t y  o f  operations and insure mission success. 

i n  audit ion, i t  has been shown tha t  redundant, standardized operational proce- 

dures can be u t i l i z e d  throughout numerous s a t e l l i t e  serv ic ing scenarios and 

w i l l  minimize the amount of time required t o  t r a i n  astronauts f o r  each mission. 

The use o f  man~ed EVA i s  a proven operational to31 (demonstrated through the 

Skylab missions) and i s  currentl; avai lable f o r  sate1 l i t e  servicing. 



SECTION 6.0 

SUPPORT EQUIPMENT C3NCEPTS 

The precedi ng sect ions d i  scussd  sate1 1 i t e  service i n  terms o f  deployment , 
r e t r i e v a l  and service operations. 

This sect i o n  i d e n t i f i e s  some manned EVA techniques and equipment f o r  support - 
i n g  deployment, r e t r i e v a l  and serv ice operations, and discusses them as 

r q u i  red t o  supplement the  Gruranan Aerospace Corporation scenarios. Discussion 

o f  spec i f i c  t o o l  and equipment requi r e n t s  are r e s t r i c t e d  t o  handhel J, 

d i  rec t  contact categori  es . 
6.1 INITIAL LAUNCH EQUIPMENT 

The fol lowing types o f  equipment w i l l  be required t o  i n i t i a l l y  launch o r  

deploy sate1 1 i tes. 

Deployment Operation Representative EVA Service Equipment Requi red 

Normal Deployment 

Contingency Deployment 

F l i g h t  Support System (FSS) 

Remote b n i p u l  a to r  System (RFS) 

T i l t  Table, Spin Table 

Payload Ins ta l  l a t i o n  & Deployment Aid (PIDA) 

Hand1 i n g  8 Posi t ion Aid (HPA) 

Maneuverable Television (FITV) 

FSS, RMS, Hand Tools, Tram Line 

Extravehicular Mob i l i t y  Uni t  (EMU) 

Manipulator Foot Restraint (MFR) 

Manned Maneuvttri ng Uni t  (MMU ! 
Work Restraint Unit  (WRU) 

Normal Deployment - Nonnal deployment i s  expected t o  be automated, w i th  a l l  

crew a c t i v i t y  being I V A .  

Contingency Depl oyment - - Contingencies could a1 t e r  normal depl oyment a t  any 

step. I n  the accompanying i l l u s t r a t i o n  (FSgure 38), EVA i s  showq supporting 

f i n a l  assembly and checkout using a tram 1 ine  t o  te ther  dnd move large panel 

sections. I n  addit ion, simplo hand-held too l s  w i l l  be required t o  unbolt or 

L nl  a'ch jammed mechanisms . 
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PAYLOAD OAMAGE-CONTlNGENCY 

FIGURE 38. CONTINGENCY DEPLOYMENT 

6.2 RETRIEVAL EQUIPMENT 

The fo l lowing types of equipment w i l l  be required t o  re t r i eve  s a t e l l i t e s  dur- 

i ng Rev? si t o r  Earth Return scenarios. 

Retr ieval Operation Represe . t a t  i ve Service Equipment Requi red - 
1. Satel 1 i  t e  Retr ieval Versat i le  Service Stage (VSS), EMU, RMS, 

WU/WRU, Proxiai  t y  OPS Wodul e (POM) 

v ia  WRU o r  MTU-POM 

2. Sate1 li t e  S tab i l i za t i on  VSS, EMU, Manned Maneuvering Uni t  (MMU), 
POM 

3. Preberthing 

Subsys tern Safetyi  ng Subsystem safetying k i t  

Vent pressure vessels F l u i d  Service tac i  1 S ty 

Fold o r  t r i m  deployed Cutters 

appendages 



6.2 (Continued) 

Retr ieval Operation Representative Service Equipment Requi red 

4. Berthing Assist  

5. Oebri s Management 

W / W R U ,  RHS, PIDA, HPA 

VSS w i th  debris capture k i t  

Retr ieval - Retr ieval i s  concerned w i t h  passive sate1 1 i t e s  having no f l y - t o -  

Orb i te r  capabi l i ty .  A t yp i ca l  r e t r i e v a l  would involve use o f  a prox imi ty  

operations module (POH) o r  ve rsa t i l e  service stage (VSS) t o  b r ing  the  unpowered 

s a t e l l i t e  w i th in  the sparing envelope o f  the RMS. 

Stabi 1 i z a t i o n  - S tab i l i za t i on  i s  concerned w i th  satel  1 i tes  tha t  are out-of-  

control .  Unstable s a t e l l i t e s  w i l l  be re t r ieved by the  use o f  unmanned equip- 

ment components where appl icable so as t o  l i m i t  any extraordinary hazard poten- 

t i a l  t o  the astronaut. S a t e l l i t e  s t a b i l i z a t i o n  could be achieved through t i le  

use o f  a VSS equipped w i th  an RMS type end effector. Once s tab i l i zed  by a VSS, 

the  sate1 l i t e  would then be returned t o  the  orb i te r .  However, unless the 

extraordinary hazards e x i s t  t h i s  operation may be completed by a crewmember. 

The VSS ni l  1 be contro l led from the  AFD w i th in  the Shuttle. Closed c i r c u i t  

t e lev i s ion  n i l  1 be employed t o  provide visual feedback t o  the astronaut i n  

the AFD whi le the VSS i s  maneuvered t o  synchronize i t s  motion w i th  tha t  o f  

the sate1 li te. The RMS end e f fec to r  (which i s  mounted on an extendable boom 

on the VSS) w i l l  then be used t o  capture the  grapple f i x t u r e  on the s a t e l l i t e .  

Upon capture o f  the sate1 1 i te, thrusters on the VSS w i  11 be employed i n  

order t o  e l iminate the rot;, ~ o n a l  motion o f  the sate1 l i t e .  The VSS w i l l  

then be used t o  transport tlie s a t e l l i t e  back t o  the Shuttle. 

Figure 39 shows a VSS w i th  an RHS type end e f fec to r  which can be used t o  

capture unstable sate1 1 i tes. 

Preberthing - Normal preberthing a c t i v i t i e s  consist  o f  safetying the s a t e l l i t e  

subsystem t o  protect  against inadvertent th rus ter  f i r i n g ,  f o ld ing  or  unfasten- 

ing appendages t o  permit the sate1 li t e  t o  f i t  i n t o  the payload bay, and sub- 

sequent1 y deact ivat ing subsystems. 

Contingency preberthi  ng a c t i v i t i e s  deal w i th  damaged or stuck appendages, o r  

p e r f o n i  ng s a f i  ng a c t i v i t i e s  such as antenna removal , e l e c t r i c a l  deact ivat ion, 

pressurant release or mechanical b a f f l  i ng o f  thrusters. These a c t i v i t i e s  are 

depicted i n  the accompanying i 1 l u s t r a t i o n  (Figure 40). 

6 -3 



FIGURE 39. VSS WITH END EFFECTOR K I T  

WORK RESTR.'.INT UNIT 

FIGURE 40. SATELLITE RETRIE'lAL 
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6.2 . i inued) 

Se fey  ;.?: a c t i v i t y  may be required t o  make a sate1 1 i t e  safe before i t  can be 

berthed t o  the Shuttle. A safetying k i t  has been concepted f o r  removing 

appendage restra ints,  sharp edge padding, sensor protection, and equipment 

f o r  t h rus te r  ba f f l ing ,  

Debri s Management - Debri s management i s the  a c t i v i t y  associated w i th  col  l e c t  

i n g  o r b i t a l  debris, damaged s a t e l l i t e  appendages m o v e d  during preberthing, 

t ransport ing debris t o  the Orbiter,  and stowing the debris i n  the  payload 

bay fo r  re turn  t o  Earth. 

Debris may be col lected and transported t o  the o r b i t e r  using the Versat i le 

Service Stage (VSS) equipped wi th  a debris capture k i t .  This equipment i s  

shown i n  Figure 41. The VSS, w i th  i t s  dexterous manipulators, i s  able t o  

snare and hold onto debris. I n  addit ion, the ro ta t i ng  p lat form on the  VSS 

can be used t o  synchronize motions w i th  tumbl i ng debris, enabling capture 

and r e t r i  eval of unstable materi a1 s . 

GRAPPLE 

TVlLlGHT 
DEPLOYED 

CONFIGURATIOPJ 

STOW CONFIGURATION 

ROTATING PLATFOR 

DEXTEROUS MANIPULATOR 

FIGURE 41. VSS-DEBRIS CAPTURE KIT 

STOW CONFIGURATION 

ROTATING PLATFOR 



6.3 Sate1 li t e  Service Equipment 

The fol lowing types o f  eol~ipment w i l l  be required t o  p e r f o r  ;atel 1 i t e  

serv ic ing operations. The equipment components and t h e i r  use are discussed 

i n  the  fol lowing pages. 

Service Task Descript ion Potent i a l  Serv'ce Equipment Requi red 

Transport o f  supplies and too l s  

t o  work s i t e  MMUIWRU, CJCP 

F lu id  Service Refuel /defuel f 1 u i d  t rans fe r  concept 

Heavy-duty hand t o o l  work Hand power too l  and d r i  1 1 ,  impact and 

torque socket wrench, screwdri v s ,  and saw 

Pay1 oad hand1 i ng , psyl oad bay 

and v i c i n i t y  RMS,OCP, MMUIHRU 

Crewman transport t o  sate1 1 i t e  MHU, POM-MMUIGIRU 

Leak detect i ~ n  I R  detector, mass spectrometer 

Item inspect ion Optical magnifying device 

Optical a1 i gnment Portable 1 aser 

Other hand t o o l  operatiuns Fuse bond/wel d / r i  vet too l  , t o o l  s t o  measure/ 

set mechanical clearances, p l  i ers, v ice 

gr ips, mi r ro r ,  hammer, strdp, camera, EVA 

adt.esive tape, lens cleaner 

Diagnostics, Visual Inspect i s n  MMU, MTV 

Hand-Held Power Tool - The hand-held power too l  i s  a too? system consis t ing 

o f  a hand-held power head p lus  magdzine attachments. Magazines contain pre- 

selected assortments o f  fastener dr ivers and d r i  11s. Attachments are a1 so 

included f o r  shearing, c u t t i n g  and r ive t ing .  The power head i s  a var iable 

speed impdct type o f  device which permits torque select ion. The too l  

power source wculd be a portable battery. 
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More Distant Inspection - i n  the accompanying i l l u s t r a t i o n  (Figure 42) an 

EVA crewman has l e f t  the Shutt le t o  inspect operational s tatus o f  a s a t e l l i t e  

o r b i t i n g  close t o  the Shuttle. The maneuverable te lev i s ion  MTV provides 

i n fomat ion  input  t o  the  1 V  crewman for  decisions such as t o  r e t r i e v e  o r  

abandon the s a t e l l i t e ,  o r  t o  service i t  a t  the  Orbiter. Remote inspect ion 

v i a  the MTV adaptation of the POM may a lso include visual assessment o f  the  

sate1 li t e  condi t ion and a diagnost ic checkout of sate1 1 i t e  subsystems suspected 

of malfunction. Inspection i s  expected t o  precede service operations t o  

pre-ident i f y  a1 1 service operat ions requi red. 

F IGURE 42. REMOTE EVA IN: 3EC710N 
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Service a t  Shutt le - The view i n  (Figure 43a) shows an EVA crewman i n  the 

payload bay on an RMS work p lat form about t o  remove a module fo r  subsequent 

i n s t a l  la t ion .  

Pay1 oad bay service includes system checkout, instrument change out, o r  

replacement o f  modular elements such as so la r  arrays and antennas. 

I n  (Figure 43b) the  crewman on the r i g h t  i - shown performing service checkout 

of sate1 1 ; t e  systems by way o f  the HPA work platform/OCP. 

OCP 

WORK PLATFORM HANDLING % 
POSITIONING AID 

SYSTEMS CHECKOUT 

COMPONENT REPLACEMENT 

FIGURE 43. SATELLITE SERVICE AT SHUTTLE 



6.4 EVA SUPPORT EQUIPMENl 

The f o l  lowing pieces o f  equipment w i  1 1 be used t o  support EVA wh i l e  performing 

sate1 1 i t e  s e r v i c i  ng scenarios. 

Requi rement 

EMU - 
Eliminate Prebreathe 

Work L igh ts  

IV/EV Communication 

Sun Shi e l  d i  ng 

No Water Vapor Contamination 

Expanded Computer 

MMU - 
Sate1 1 i t e  Service MMU 

Work System 

Transport Silpplies and Parts i n  

Payload Area 

Transport Tools 

Astronaut Rest ra in t  

Approach 

8 p s i  s u i t  w i t h  o r  wi thout  scheduled 

depressur izat ion t o  4 ps i ,  o r  9 ps i  

s h u t t l e  w i t h  a 4-psi s u i t  

L ights  on helmet, hand-he1 d spot1 i ght  , 
area f lood l i g h t s  

MTV, EMU EVCS 

Automatic v i s o r  

No vent regenerable heat s ink 

Diagnostic capabi 1 i t y  , voice con t ro l  

o f  MMU, remote temperature sensor, 

t r a n s f e r  t r a j e c t o r y  o r b i t a l  mechanics, 

rate-range-spi n, automatic PLSS 

cont ro l  

Q ~ i c k  p a r t i a l  recharge, t h r u s t e r  CG 

s h i f t  t r i m ,  con t ro l  from EMU, f u l l y  

f o l d i n g  arms, greater  V 

RMS, MMU/WRU 

Tool caddy 

Tethers, manipulator foo t  r e s t r a i n t s ,  

workstands 

Work Bench Fount Work Plat form (i.e., OC?) 



6.4 (Continued) 

Requi rement Approach 

Hardware Restraint Tether, velcro, c l i ps ,  ca r t  

Crewman Transport MMU, RMS, - POM 

Equipment Transport RMS, MMUIWRU 

6.5 SATELLITE SERVICE WORK A IDS  

The fo l low ing paragraphs d e t a i l  equipment which w i l l  be used t o  a i d  the 

astronaut during the performance o f  sate1 li t e  serv ic ing functions. 

Tool Caddy - Two t o o l  caddy concepts are presented as shown i n  the  accompanying 

i l l u s t r a t i o n  (Figure 44a) t o  provide EVA crewman easy access t c  ,land tools .  

The f i r s t  i s  a s l  i d i n s  t r a y  mounted on the  side o f  tne MMU u n i t  between 

upper and lower th rus te r  modules. The second i s  f o r  use by crewman working 

i n  the Shutt le bay, and consists o f  a th in,  transparent she l l  t ha t  can be 

rotated forward from behind the helmet. Tools would be mounted w i t h i n  the 

she l l  o r  on the outside. An a l t e rna t i ve  approach would be a t o c l  caddy 

stored behind the helmet t ha t  would p i v o t  up and then down i n  f ron t  o f  the 

crewman's helmet. 

FIGURE 44. SATELLITE SER'JICE WORK AIDS 
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6.5 (Continued) 

Crewman Res t ra in t  - The cancept invo lves an ad justab le  r i g i d  r e s t r a i n t  

mechanism js tab i  l i z e r )  t h a t  i s  p a r t  o f  t h e  creman MFR, POM and OCF. The 

ad justab le  r e s t r a i n t  mechanism then  at taches t o  f i x e d  sate1 1 i t e  r e s t r a i n t  

po in ts ,  i s  adjusted and clamped i n  p lace t o  prov ide r i g i d  crewman r e s t r a i n t  

du r ing  EVA work a c t i v i t i e s .  

Res t ra in t  Attachment Points on Sate1 1 i t e  - The proposed concept i nvol  ves 

hot-melt adhesive-bonded adapters t h a t  can be bonded t o  work s i t e  surfaces 

and subsequently removed wi thout  scar. A bonding t o e l  has been concepted 

f o r  a t tach ing  such adapters a t  work j i t e s  where f i x e d  adapters have no t  been 

provided. Crewman r e s t r a i n t  mechanisms can then 52 attached t o  t h e  bonded 

adapters t o  e f f e c t  r i  g i d  crewman r e s t r a i  n t .  

6.6 - SATELLITE SERVICE EMU 

The f o l  lowing capabi l  i t y  added t o  t he  e x i s t i n g  Shu t t le  EMU would proviPe ex- 

panded crewman EVA sate1 1 i t e  serv ice capabi 1 i t y  : 

- - k ~ t o m a t i c  - V isor  - Mult i-zone helmet v i s o r  o r  e l ec t r on i c  goggles 

automatical l y  responsive t o  sun1 i ght i n t e n s i t y .  L i qu i d  c r y s t a l  o r  

b i  - r e f r i ge ran t  so l  i d  c r y s t a l  p r i n c i p l e s  represent two poss ib le  

approaches. 

- High T a c t i l i t y  Glove - S u i t  g love incorpora t ing  improved d e x t e r i t y  

j o i n t  const ruct ion,  p i n  surface cons t ruc t ion  thermal p ro tec t i on  and 

improved t a c t i l i t y .  

- No-Vent Regenerable Heat Sink - Fossi b l e  approach might be i c e  phase- 

change regenerabl e heat s ink,  which woul d i nvo l ve  no-vent i  ~g o f  ex- 

pendables. This type o f  EMU coo l ing  would be used i n  s e r v i c i n g  

sate1 l! t e  pay1 oads sens i t i ve  t o  contamination by water vapor. 

- No-Prebreathe Requirement - This EMU s u i t  would reauce t ime 

and s i m p l i f y  t V A  preparatiorl .  

- Work L igh ts  - Ba t te ry  operated l i g h t s  mounted on the  crewman are con- 

cepted f o r  use i n  remote LVA. i nc l ud ing  a c.zpact s p o t l i g h t  l o c i t e d  

on the hand f o r  f i n e - d e t a i l  inspect ion.  



6.6 (Continued) 

- T V M o n i t o r - A p o r t a b l e T V m o n i t o r t o p r o v i d e a  r e a l - t i m e v i s u a l  

data l i n k  t o  I V  crew suppor t ing t h e  EVA t a s i .  

- Expanded EMU Computer - Convenient input /output  access t o  t h e  EMU 

computer can be achieved v i a  a w r i s t  termina l  un i t .  The f o l l o w i n g  

add i t i ona l  compcter capabi 1 i t y  i s  concepted: 

- Range-Rate -Sp in  Detector - Device f o r  determining range, rangs 

c l os i ng  r a t e  and sp in l tumble dynamics o f  t a r g e t  vehic les.  Th2 

de tec to r  analog s igna l  would be fed  t o  t h e  microprocessor f o r  

processing and d isp lay.  Radar and i ase r  techniques represent 

poss ib le  approaches. 

- Temperature Sensor - An I R  sensor con t ro l  can be loca ted  on t h e  

glove t o  prov ide an ana: og temperature s igna l  f o r  microprocessor 

processing and d isp lay.  This capabi 1 i t y  woul d make sur face 

tempe;ature known before t h e  crewmember touches it. 

- Voice Control - Voice con t ro l  techniques could  be used by t h e  

EMU microprocessor t u  a1 low  he EVA crewmember t o  con t ro l  t h e  

MMU by voice command. This would keep t he  hands f ree f o r   her 

pttrposes. 

6.7 SATELLITE SERVICE MMU 

The fo l1ow; ig  features ,re proposed t o  he added t o  the basic MMU propuls ion 

u n i t  t o  prov ide increased s a t e l l i t e  se rv ice  capab i l i t y .  

- F u l l y  Ret ractab le  Control  Alms - To permit  c l ose r  approach t o  t he  

serv ice work s i t e .  

- command Prov is ion f o r  the  EMU Computer - I n  response t ,~  voice 

command s5gnals. 

- - Quick P a r t i a l  Recharge Capab i l i t y  - To permi t  r e f ue l  w i i n ~ u t  d o f f i n g  

h j  t h e  crewman t o  extend EVA time. 

- Thruster Trim Prov is ion  - To account f o r  vay iab le  center  of g rav i t y  

o f  MMU/EMU/WRU/Payl oad System. 

- Higher A V  - To permi t  r e t r i e v a l  o f  l a r g e r  sate1 l i t e s  v i a  t he  ~. ,at~red 

Mb?J!wRU 'roxirni t y  Operations Module (POM) 

6-12 



SECTION 7.0 

EXTRAVEHICULAR MOBILITY UNIT (EMU) MODIFICATIONS 

The Space Shut t le  EMU has been designed t o  provide crew EVA p roduc t i v i t y  as 

we1 1 as maximum safety. The baseline design was selected so t h a t  the  s u i t  

may evolve incremental l y  w i th  mission requirements. By u t i l  ;z ing de l ibera te  

design parameters such as modular i ty , subsystem pos i t ion ing  and expendables 

management the EMU can be modified f o r  m t i c i p a t e d  use i n  any enviromnent. 

The EMU areas which affect EVA sate1 l i t e  serv ic ing are  as fol lows: 

- non-venting heat sink 

- h i g h e n e r g y b a t t e r y  
- increased microprocessor capabi 1 i t y  

- SSA j o i n t  improvements 

- gloveimprovements 

7.1 THERMAL CONTROL - NON-VENTING HEAT SINK 

The current means o f  thermal contro l  (i.e., ivater sublimator) p roh ib i t s  the 

EVA astronaut f ran  working w i th in  several f ee t  o f  cryogenically-cooled 

sensors. 

The EVA PLSS discharges water a t  a ra te  of 1.72 lb/hr. The water may condense 

onto cryogenical ly-cooled surfaces, impeding the  performance of sensors. 

The M U  expends co ld  n i t rogen gas and i s  essent ia l l y  non-contaminating. The 

r a t e  o f  propel lan t  discharge i s  a funct ion o f  each spec i f i c  EVA sor t ie .  I n  

t o t a l ,  the propel lant  tanks contain 40 1bs o f  GN2, i s  essent ia l l y  benign 

( i  .e., w i l l  not condense on surfaces) and does not present a contamination 

problem. 

A number o f  non-venting heat sink concepts have been evaluated w i th  r e s ~ l  t s  

ind ica t ing  t h a t  phase change materials (PCM), radiators,  and hybr id systems 

containing both, o f f e r  the best a l t e rna t i ve  non-venting systems. Table X 

l i s t s  the pros and cons o f  each system whi le Figures 45 and 46 i l l u s t r a t e  

the  two methods. 



7.1 (Continued) 

TABLE X. 

PROS - CONS - 
WATER PCM AUTONOMOUS SYSTEM 

TECHNICALLY SIMPLE 
COMPACT 
RELIABLE 
EVOLUTIONARY 
MISSION FLEXIBILITY 

RADIATORS NO SHIPBOARD REGENERAT ION 
TIWE INDEPENDENT 

SHIPBOARD REGECERATION 

POWER REQUIREMENTS 
MAlNT AlNABlLlT Y 
LARGE VOLUME 
UMBILICAL REQUlREY ENT 
WILL NOT WORK IN MANY AREAS 
REQUIRES SENSORS FOR ALIGNMENT 
COMPLEX 
CANNOT ENTER AIRLOCK 
EFFICIENCY TRADEOPF VS. ENVIRONMENT A 7  
CONNECTION IN VACUUM 

7.1.1 Phase Change Materials (PCH) 

Thermal storage i s  a regenerable thennal contro l  concept t h a t  uses the  heat 

o f  phase change and the  heat capacitance o f  a mater ia l  t o  provide thermal 

control .  An example o f  a thermal storage mater ia l  i s  ice. T3e heat o f  

fus ion o f  i c e  i s  143.4 Btu/lb. A schematic o f  a t yp i ca l  thermal storage 

concept i s  shown i n  Figure 45. Water pumped through the  thermal storage 

device i s  cooled t o  40°F, and then flows t o  a th ree - f l u id  heat exchanger 

where i t  cools the LCG loop and the  gas loop. The heated water i s  returned 

t o  the  thennal storage device fo r  recooling. 

Based upon prel iminary analysis, i c e  i s  thought t o  be the best thermal 

storage materi a1 f o r  current systems, y e t  s a l t s  such as potassium b i  f luor ide ,  

KHF2, o f f e r  pranise f o r  f u r the r  invest igat ion. A subsystem using i c e  has no 

moving parts, i s  not af fected by the environment, does not requi re a heat 

pump, and has the smallest volume and l ~ w e s t  vehic le weight of non-venting 

heat sink cocn.epts. The main d i  sadvar~tages are tha t  a co ld  (<30°F) source 

of cool ing f l u i d  i s  required i n  the vehic le f o r  re-freezing the thermal 

storage materi a1 between EVA sor t ies.  
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7.1.2 Radi atom 

Direct rad ia t ive  cool ing i s  a non-expendable concept tha t  dissipates heat t o  

deep space. A schematic of a radiator  cool ing system i s  shown i n  Figure 46. 

For t h i s  system the LC6 loop i s  cooled by the radiator, The cool LCG water 

then flows t o  the heat exchanger where the gas l o o ~  heat i s  dissipated. An 

automatic ternperature control valve varies flow t o  tke radiator  t o  control 

temperature. 

Since the radiator  i s  sized f o r  the nmina l  thermal load, prevention o f  over- 

cooling o f  the crewman and/or freezing of the LCG loop a t  low load conditions 

i s  required. Sizing i s  affected by the solar  heat input, the structure tem- 

perature and view factor, the ground view factor, and the radiator  values o f  

emission and absorbtivity. Assuming no heat input from the environment and an 

emissivi ty o f  1.0 (maximum), 15 square feet of radiator  surface would be re- 

quired t o  re jec t  the peak heat load a t  SO0F. Examination of a potent ia l  LSS 

package shows tha t  only about 8 square feet of surface area could be avai lat le. 

Examination o f  the current Shuttle s u i t  shows tha t  very l i t t l e  addit ional sur- 

face area could be used f o r  radiators, as e lec t r i ca l  equipment, moving jo ints,  

connectors, seals, and equipment tha t  must be v isua l ly  monitored o r  manually 

control led take up the majori ty of the s u i t  ex ter ior  surface, a s i tuat ion ex- 

pected t o  ex is t  w i th  an advanced suit. I n  addition, f o r  environments such as 

the Shutt le Payload Bay, a radiator  over 60 ft2 would be required t o  handle 

the beat load. 

As the surface area required f o r  radiat ion i s  proportional t o  the 4th power o f  

the "absolute temperature", a heat pump could be used t o  ra ise the radiat ing 

temperature. The accompanying f igure shows a schematic o f  a heat pump system 

t o  ra ise the radiat ing temperature from 50°F t o  90°F. This would reduce the 

radiator area requirement from 15 ft2 t o  13 ft2, which i s  not a s ign i f icant  

benefit. The reason that  the area savings i s  so small i s  because the heat o f  

the compressor m s t  also be rejected by the radiator, thus increasing the heat 

re ject ion rate. 

The largest unknown i n  the radiator subsystem i s  the heat picked up by the 

radiator From the structure on which the crewman i n  working. As the structures 

can be hot (up t o  +200°F) and w i i  1 radiate i n  the infrared region, the radiator  



may pick up heat instead o f  re jec t i ng  it. The uncertainty o f  s t ruc tu ra l  heat 

p ick up prevents radiators from being considered as the sole heat re jec t i on  

means f o r  non-venting sate1 1 i t e  serv ic ing  work. Hybrid concepts which use 

radiators f o r  nominal heat load re jec t i on  whi le  supplemented by thermal storage 

material  t o  handle peak loads have been investigated, ye t  invar iab ly  are much 

la rger  and more complex than u t i l i z i n g  a 100% PCM heat sink. 

7.2 HIGH ENERGY DENSITY BATTERIES 

The tasks required for  sate1 1 i t e  serv ic ing  demand the use o f  anci 1 l a r y  equip- 

mect as wel l  as EMU modifications. The power source avai lab le t o  s a t i s f y  

these needs must f i r s t  have a h igh energy and density discharge r a t e  and 

secondly, be prac t ica l  enough so as t o  remain w i th in  reasonable cost l im i t s .  

The current EMU u t i l i z e s  a s i l v e r  zinc-oxide ba t te ry  energy source. Although 

sa t is fy ing  a1 1 current  requirements, t h i s  ba t te ry  nay prove too r e s t r i c t i v e  

f o r  ;atel 1 i t e  servicing. 

The wera t i ona l  benef i ts  obtained frem el iminat ing  prebreathe are high1 ighted 

by the savings o f  almost four hodrs o f  pre- and post-EVA preparat-ion. The 8 

ps i  sysiem needed t o  a1 low almost immediate egress f r o n  the a i r l ock  br ings 

w i t t -  i t  an increased power requirement. This requirement may be f u l f i l l e d  v ia  

two sub~ystems. The f i r s t  subsystem u t i l i z e s  the current  s i l v e r  zinc-oxide 

ba t te ry  t o  handle the increased load, w i th  the drawback o f  diminishing the 

recharge cycle l i f e .  The second subsystem requires developing the high energy 

density l i t h i u m  bat tery types t o  replace the s i l v e r  zinc-oxide. This second 

a l t e rna t i ve  offers po ten t ia l  bef ief i ts as are demonstrated i n  the  fo l low ing 

1 i thium bat tery analysis. 

The fol lowing sections b r i e f l y  o u t l i n e  the benefits of both primary Li/BCX and 

Li/S02C12 c e l l s  and also secondary Li /TiS2 ce l l s ,  both of which appear t o  be 

v iable a l te rna t ive  energy sources. 

7.2.1 Lithium Bromine Complex - Li/BCX 

The l i t h i u m  bromine complex primary c e l l s  include a l i t h i u m  based soluble 

cathode electrochemical system using a non-aqueous bromine complex e lect ro ly te.  

Preliminary tes ts  (acceptance and performance) conducted by NASA/JSC a t  White 



7.2.1 (Continued) 

Sands Test F a c i l i t y  (WSTF) i nd i ca te  t h a t  t h e  Li/BCX meets safety and per for-  

mance c r i t e r i a  and warrants f u r t h e r  development. 

7.2.2 L i th ium Su l fu ry l  Chlor ide Ce l ls  - LiISO7C17 - 93 

The l i t h i u m  s u l f u r y l  ch lo r ide  - 93 bat tery d i f f e r s  from other l i t h i u m  ba t te r i es  

by the  aepolar izer used. I n  t he  s u l f u r y l  ch lo r ide  battery, l i t h i u m  aluminum 

ch lor ide  (LiAlC14) dissolves i n  s u l f u r y l  chlor ide, thereby forming the e lect ro-  

ly te.  This e l e c t r o l y t e  a lso contains a small amount o f  ch lo r ide  which seems 

t o  modify t h e  c e l l s  discharge, and consequently improves c e l l  perfomance a t  

high discharge loads. I n  add i t ion  t o  th is ,  the  ch lo r ide  b a r r i e r  on the  elec- 

trodes aids i n  storage l i f e ,  prov id ing up t o  15-year storage l i f e  - as canpared 

t o  the  90-day s i l v e r  zinc-oxide storage 1 i f e .  

The LiIS32C12 bat te ry  w i l l  provide up + J  twice the  energy density o f  the  Ag/Zn 

and could accomnodate the  added power load o f  an 8-psi system, non-venting 

thermal control ,  and anci 1 l a r y  equipment. Whereas f u r t h e r  development t e s t i n g  

i s  required, the  Li/S02C12 bat te ry  should receive sericus considerat ion as an 

a1 t e r n a t i  ve t o  Ag/Zn. 

7.2.3 L i th ium Titanium D isu l f i de  Ce l ls  - Li/TiS? 

Secondary l i t h i u m  bat te r ies  possess the  advantages o f  primary l i t h i u m  ba t te r i es  

and addi t ional  l y  provide many charge/discharge cycles (p?+ential  l y  up t o  l o x  

those o f  Ag/Zn). Long-term pro ject ions o f  sate1 1 i t e  se rv i c i  ng a c t i v i t y  i ndi - 
cate t h a t  secondary energy sources must be used, otherwise, expense i n  weisht 

and volume would be astronanical. 

The technology i n  t h i s  area i s  rap id l y  advancing t o  a stage where l i t h i u m  re- 

charge e f f i c i enc ies  have reached 97%. (This has charac ter is t i ca l  l y  been a 

problem, d r i v i n g  the  search f o r  more e f f i c i e n t  e lec t ro l y te  solutions. ) 

The laboratory L i lT iSp c e l l  has been shown t o  provide 100 chargeld'scharge 

cycles and new technology cathodes aim t o  provide over 1000 cycles. The 

bat tery volume may be reduced substant ia l l y  should only 50 cycles be required. 

Even w i th  reduced cyc le l i f e ,  the  L i IT iS2 ba t te r i es  provide both longer l i f e  

and higher energy densi t y / ra te  than current Ag/Zn batter ies. 



INCREASED MICROPROCESSOR CAPABILITY 

EMU improvements cur ren t ly  under devel opment c a l l  f o r  i ncreased microprocessor 

capabi 1 i t  ies, providing increased contro l  and monitoring capabi 1 i t i e s  f o r  the 

EMU. Benef i ts  derived f ram i ncreased microprocessor capabi 1 i ty are discussed 

be1 ow. 

7.3.1 Large Scale In tegra t ion  

Current research involves the  use o f  1 arge scale i n teg ra t i on  i n  the develop- 

ment o f  ch ip assemblies. Increased i n teg ra t i on  w i l l  decrease the  number o f  

chip assemblies required (i.e., 4 o r  5 required chips w i l l  be reduced t o  1 o r  

2 chips). 

7.3.2 Improved Memory Capabi 1 i ty 

Microprocessors cur ren t ly  i n  use contain read only memories (ROM). These 

u n i t s  are preprogramned a t  t he  t ime o f  t h e i r  construct ion resu l t i ng  i n  a chip 

t h a t  i s  i n f l e x i b l e  t o  program modifications. Program modif icat ions must be 

ef fected v ia  construct ion o f  a new chip, a process which cur ren t ly  takes up t o  

one year. 

Industry i s  cur ren t ly  involved i n  t he  development o f  a programmable ROM. This 

ch ip assembly has the capab i l i t y  o f  being programed and constructed v i a  in-  

house operations. Construction t ime o f  the  p r o g r a m b l e  ROW w i l l  be reduced 

from the  current one year t ime frame t o  several months. 

7.3.3 Increased Memory Zapabi 1 i t  ies 

The current microprocessing u n i t  o f  the  EMU has a maximum 8K byte memory. De- 

velopment i s  cur ren t ly  being undertaken t o  increase the  memory up t o  ? maximum 

of  32K bytes. Increased memory capab i l i t i es  w i l  i a1 low f o r  the  use o f  higher 

programing language, making the  u n i t  more compatible w i th  simulators. I n  

addit ion, the  higher program language w i l l  a i d  i n  debugging operations, since 

programi ng problems w i  11 be re1 a t  i vely small er. 

Development i s  also being undertaken a t  the  present t ime t o  make the 32K byte 

memory expandable t o  64K bytes. This w i l l  be accompl ished through the use o f  

a new fami ly  o f  chips, o r  by design modif icat ions t o  the current box housing 

t o  extend the box 5 ~ze. 

The EMU microprocessor capab i l i t y  i s  devoted t o  the opt ica l  coupler 1 ink w i th  

tbe MMU a t  the present t ine. This l i n k  prov;des f o r  monitoring o f  the MMU ex- 



pendables (GN2), th rus ter  performance and bat te ry  power capabi 1 i t ies .  The 

cont ro l  l o g i c  ~ p l 0 y e d  i n  the  development o f  the  EMU/MMU inter face may be 

ex-panded i n  order t o  provide contro l  and monitor ing capab i l i t i es  t o  equipment 

t h a t  i s  compatible w i t h  the  EMU/MMU. This would be most appl icable t o  

equip-ment components such as the manned prox imi ty  operations module (POM) 

i n  which monitoring o f  expendables would play a c r i t i c a l  role. 

7.3.4 Voice Control 

Recent research has demdnstrated the feasi  b i  1 i t y  o f  using voice data input  

i n t o  computers i n  order t o  i n i t i a t e  a command. For sate1 l i t e  servicing, the 

use o f  such a system would a1 low the  astroncut f ree  use o f  both hands whi le  

monitoring functions and a t t i t u d e  contro l  funct ions by use o f  verbal command. 

For example, spec i f i c  benef i ts may be gained f o r  equipment such as: 

- - EHU - An increased capacity comouter memory houses a voice synthesis/ 

voice recogni t ion system whereby the computer verbal ly  i ns t ruc ts  

the astronaut as t o  l i f e  support systems status, external envi ronment, 

and communications. This system would e l iminate the  need fo r  the 

Display and Control Module (DCM) as wel l  as provide two-handed 

work capabi 1 i ty. 

- - MMU - By synchronizing the voice recogni t ion system t o  the MMU 

micro-processor, the astronaut would enjoy the freedom o f  verbal ly  

con t ro l l i ng  a t t i t u d e  contro l  and again free the use of both hands. 

- Sate1 l i t e  Repair - As sate1 l i t e  paylcads become more varied and 

complex, the crewmember w i  11 requi re supplementary information. By 

providing d isc cassettes f o r  each sate1 1 i t e  t o  guide the crewmember 

through repa i r  scenarios and operational status norms, the  computer 

w i l l  a1 low the crewmember t o  avoid memorizing many spec i f i c  specs, 

designs, etc., and a l low him t o  concentrate on other  aspects o f  

ensuring mission success. 

7.4 PRESSURE ENCLOSURE DEVELOPMENT ISSUES 

The fo l  lowing areas o f  the pressure enclosure requi r e  emphasis: 
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- Jo in ts  
- Bearings and i ntemodule connect ions 

- Entry closure 

- Fabric module construct ion 

- Leg mob i l i t y  issues 

These areas are discussed i n  t u r n  i n  the  fo l low ing pages. 

7.4.1 J o i ~ t s  

Four basic j o i n t  types have been developed f o r  EVA enclo.*ures t o  date. They 

are: 

- F l a t  Pat tern 

- Ro l l  i n g  Convolute 

- Toroidal 

- Stove Pipe 

7.4.1.1 F l a t  Pat tern Jo in ts  - 
These j o i n t s  represent a low cost j o i n t  construct ion adequate f o r  the Shut t le  

EMU program, which requires a j o i n t  l i f e  o f  7,000 t o  100,000 cycles, depending 

on the p a r t i c u l a r  j o in t ,  a t  4 ps ig  operating pressure. These j o i n t s  are con- 

structea o f  f l a t ,  gore shaped f a b r i c  sections which are s t i t ched together and 

sealed a t  t he  seams. When the j o i n t  i s  flexed, the  f a b r i c  on the ins ide o f  

the  bend i s  a1 lowed t o  pucker. 

This concept (shown i n  Figure 47, achieves high mob i l i t y  and low bulk, and i s  

very inexpensive t o  manufacture. It i s  also h ighly  res is tan t  t o  impact damage. 

The ch ie f  disadvantage f o r  long-term EVA use i s  l i f e .  It i s  doubtful i f  these 

j o i n t s  can be developed f o r  the  5,000,000-cycle l i f e  required f o r  long-term 

sate1 1 i t e  serv I c i  ng use. 

7.4.1.2 Ro l l i ng  Convolute Jo in ts  

This j o i n t  consists of a s ingle convolute bellows constructic:n, i n  which the 

oel lows r o l l s  over the  hard end-section as the  j o i n t  i s  flexed. 

This concept (shown i n  Figure 43) achieves high mobil i t y ,  and i s  amenable t o  

stepped o r  tapered construction, which i s  desired f o r  shoulder jo ints .  The 

ch ie f  disadvantages are tha t  i t  i s  bu l k ie r  and i s  more impact sensi t ive than 

other concepts. 
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7.4.1.3 Toroidal Jo in ts  

This j o i n t  resembles a w i  re - re i  nforced molded be1 1 ows. External w i  r e - r i  ng 

elements keep the  m i  nor diameter por t  ions from b a l l  ooni ng under pressure, and 

i n te rna l  w i  r e - r i  ng elements keep the  m i  nor d i  ameter por t  ions from c o l l  apsi ng 

under f lex ion.  When the  j o i n t  i s  f lexed, the  excess material  on the ins ide  o f  

the bend i s  accompanied by a rad ia l  s h i f t  between the  in te rna l  and external 

wi re r i n g  elements, which increases the  di f ference between the major and m i  nor 

radium, thus "swallowing" the  excess materia!. On the outside o f  the  bend the  

rad ia l  s h i f t  decreases the  d i f ference between major and m i  nor radi  i, thus re- 

leasing material  1  ongi tudinal  l y  t o  f o l  low the  longer outside curve. The 

to ro ida l  j o i n t  f lexes without puckering, which contr ibutes t o  i t s  long 1 i f e  

and excel l e n t  f l e x i b i l i t y .  The to ro ida l  j o i n t  i s  shown i n  Figure 49. 

E X T E R N A L  

SECTIONS 

FIGURE 49. TORROIDAL JOINT 

The advantages o f  t h i s  concept are i t s  very high f l e x i b i l i t y  and pc ten t ia l  f o r  

long l i f e .  It i s  also very stowable, and has high impact resistance. 

The ch ie f  disadvantages are i t  i s  o f  molded construct ion and i t s  bulk. It i s  

a long j o i n t  when used f o r  sharp bends. 
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The ch ie f  disadvantage f o r  shoulder j o i n t  use i s  t ha t  i t  cannot be made tapered, 

because tapered to ro ida l  j o i n t s  tend t o  "bunch up" a t  the small end, owing t o  

the area d i f f e r e n t i a l  between the large and small ends, causing a loss o f  

f l e x i  b i  1 i t y  and mobi 1 i t y  range. However, research i s  cur ren t ly  being conducted 

t o  remedy t h i s  s i tuat ion.  

7.4.1.4 Stove Pipe Jo in ts  

These j o i n t s  consist  of abliquely-truncated cy l  i nd r i ca l  o r  conical elements, 

joined together by sealed bearings. Flexure i s  achieved by ro ta t i ng  the  adja- 

cent sections r e l a t i v e  t o  one another. Flexure occurs when the  force producing 

the f l exu re  i s  resol ved by the obl iquely-mounted bearings causing the  adjacent 

sections t o  rotate. An example o f  a stove pipe j o i n t  i s  shown i n  Figure 50. 

RIGID  SECTlOPJ\ I 

RIGID  SECTIONS 
ROTATE RELATIVE 
T O O N E  ANOTHER 
T O  PRODUCE FLEXURE 

FIGURE 50. STOVE PIPE JOINT 
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The advantages o f  t h i s  j o i n t  concept a re  i t s  extremely long  l i f e ,  low cost, 

and t h e  f a c t  t h a t  i t can be made i n  a tapered conf igurat ion,  a s i ngu la r  requi re-  

ment o f  shoulder j ~ i n t s ,  i n  t h a t  a minimum bu lk  design i s  desired. The scye 

bear ing a t  t h e  chest wa l l  i s  la rge,  t o  permit  donning and do f f ing ,  wh i l e  t h e  

upper arm bear ing i s  smaller, t o  permi t  t h e  arms t o  hang down f r ee l y ,  unencum- 

bered by a l a rge  bear ing diameter over t h e  biceps. 

The disadvantages o f  t h i s  concept a re  t h a t  t h e  j o i n t  sect ions must be care- 

f u l l y  designed t o  avoid " lock up", a con f i gu ra t i on  i n  which t h e  f l e x i o n  motion 

cannot be reso l  ved t o  producp ro ta t ion .  Th is  requi res subsequent programmi ng 

o f  t h e  motion sequence t o  f r e e  t h e  j o i n t .  Current designs minimize t h i s  prob- 

lem by employing a t  l e a s t  t h ree  bearings. I n  addi t ion,  impact res is tance  must 

a lso  be considered i n  t h e  design because o f  t h e  po ten t i a l  f o r  knocking t h e  

sect ions out-of-round, thus r e s t r i c t i n g  t h e  r e l a t i v e  r o t a t i o n  o f  adjacent 

j o i n t  sections. 

7.4.2 J o i n t  Recommendations 

The t o r o i d a l  j o i n t  i s  t h e  recommended implementation f o r  most EMU EVA enclosure 

j o i n t s ,  i n c l ud ing  t h e  waist. The s i ngu la r  except ion i s  i n  t h e  shoulder, where 

a tapered con f i gu ra t i on  i s  requi red t o  reduce on-the-person volume. 

The recomniended development program f o r  t o r o i d a l  j o i n t s  i s  t o  demonstrate 

5,000,000-cyc;e l i f e  a t  8 psig, and t o  reduce t h e  manufacturing cost. 

The recommended devel opment program f o r  t h e  shoul der stove p i  pe j o i  n t  consi s t s  

o f  r e f i n i n g  t h e  design t o  minimize t h e  motion-programming requirement, and t o  

ruggadize t h e  j o i n t  for .  impact resistance. 

7.5 EVA GLOVES 

EVA y l  oves a re  t h e  a c t i v e  i nte r fzce  between t h e  EVA crewman and the  work being 

performed. A; 1 manipulat ive tasks perfor.lndd w i t h  body forces and motions a re  

performed through t h e  gloves, and t he  t a c t i l e  sensat ion used t o  con t ro l  t he  

not ions are f ed  back through t h e  glcves. Accordingly, EVA gloves must provide 

a proper balance o f  mobi 1 i t y ,  t a c t  il i ty, comfort and p ro tec t  i o n  from workplace 

hazards t o  support t he  p a r t i c u l a r  requi  renents o f  EVA  k~ork. 
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Present NASA EVA glove designs were not designed f o r  heavy work, such as EVA 

construct ion, but rather  were designed t o  m e t  payl oad support requi rements 

o r  t o  demonstrate the part icu:cr design features required t o  meet 8 ps ig  o r  

14.7 ps ig  cperation. T h ~ y  feature ~ q o d  comfort and mob i l i t y  are acceptable 

f o r  minimal sate1 l i t e  serv ic ing a c t i v i t y  but are e i t h e r  t oo  l i g h t  t o  support 

EVA construct ion work o r  are too  bulky t o  permit comfortable, long term use 

o f  hand tools.  

The design chal lenge o f  EVA gloves i s  t o  combine comfortable use w i th  protec- 

t i o n  from workplace hazards, whi le performing the f u l l  range o f  EVA tasks. 

Representative EVA tasks are as f o i  l o w :  

- Posit ion and replace equipment modules on sate1 1 i tes .  

- Perform maintenance, repa i r  and replenishment o f  expendables. 

Manual tasks associated w i th  the EVA giove a c t i v i t y  w i l :  include: 

- Using too ls  f o r  mechanical assembly, welding o r  fuse bonding. 

- Using supplies for  cleaning and servicing. 

- Manual l y  opening pay1 o?d access panels and/or operating payl oad 

control  s . 
7.5.1 EVA Glove Requirements 

The f o l  lowing requi rements def ine the  basic performance and operating requi re-  

rnents t o  guide the concepting o f  EVA gloves. 
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1. General 

EVA sloves sha l l  p ro tec t  the crewman's hands during EVA, re ta in ing  s u i t  

pressure, whi le  permi t t ing  the crewman t o  perform a l l  manual EVA tasks. 

The glcveq shal l  f l e x  i n  a natura l  manner. 

2. Hand Motions 

The EVA glove sha l l  permit  hand mot-ions t y p i f i e d  by the fol lowing: 

- Finger t w i r l i n g  as required t o  engage mechanical fasteners and tu rn  

f inger- t ight .  Minimum objec,. uiameter i s  expected t o  be 0.5 inch 

(1.3 cm). 

- Finger-palm g r i p  and w r i s t  rotat ion,  as required t o  t i gh ten  a fastener 

w i t h  a screwdriver. Minimum too l  handle diameter i s  expected t o  be 

1.0 in:h (2.5 cm). 

- Palm a r i p  w i th  forearm rotat ion,  as required t o  torque a fastener 

w i th  a ratchet  wrench. 

- Del icate g r i p  w i th  thumb and index f inger,  as required t o  pos i t ion  a 

w i  r i n g  harness. 

- Moderate g r i p  U; ch thumb and a l l  f ingers, as required t o  grasp s c l i d  

objects such as wave guides. 

- Hard g r i p  w i th  thumb and a l l  f ingers a g a i ~ s t  the palm, as required 

t o  tu rn  a turnbuckle o r  crank. 

- Outstretched palm and f ingers are reaufred t o  push a la rge  object  

away. 

3. Mob i l i t y  

The fo l lowing spec i f i c  motions sha l l  be required: 

Range Torque (ft. I b )  

Wrist - f;exion, extension, abduction - +60°F 0.5 

adduct i on +30° - 0.5 

Fingers - f i r s t  metacarpal f lex ion  90° 0.1 
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Range Torque (ft. l b )  

Thumb - f i r s t  metacarpal f lexion, 

extension - +30° 

Thumb and f ingers  sha l l  be capable o f  opposition. Other f i nge r  and thumb 

j o i n t s  shal l  be capable o f  f l ex ion  t o  complete the  grasp of a 0.5-inch 

diameter object. 

4. Cycle L i f e  

The CVA glove sha l l  have a cyc le l i f e  o f  500,000 j o i n t  cycles. This i s  

consistent w i th  such requirements as one 180-day mission, w i th  EVA usage 

as f o l  laws: 

6 Jo in t  Cycles 60 Plin 8 Hours 154 EVA Sor t ies - - 433,520 Cycles 
Hi n. Hr. EVA Sor t i e  180-Day Mission Mission 

5. Tmperature Envi roment  

-180°F t o  +200°F a t  an app l ica t ion  pressure of 2.0 ps i  f o r  two minutes. 

Gccassional l y  there w i  11 be a requi r m n t  t o  handle objects as hot  as 

450°F. 

6. Leakage 

The glove leakage sha l l  not exceed 5 scc/min a t  4 psig. 

7. Pressure Level 

b b i l i t y  requirements sha l l  be met a t  8.0 psig. 

8. Radiation Protect ion 

The EVA glove sha l l  meet the f o l  lowing schedule of rad ia t ion  shie ld ing 

requi rements: 

Orb i t  Inc l inat ion; '  28 1/2 5 5 - 0 

Alt i tude,  KM 40 500 400 500 36K 

Shi e l  d Requi renents gn/cm2 0.1 0.3 0.5 0.7 1.2 

9. 

The fo l lowing factors shal l  be considered r e l a t i v e  t o  crewman comfort 

during repet i t i ve ,  EVA use: 
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- Glove and human j o i n t  centers sha l l  coincide. 

- The EVA glove sha l l  be f ree o f  pressure points  and chafe areas. 

- The EVA glove design sha l l  consider s i z i ng  t o  f i t  a la rge  segment o f  

the  population, f o r  example 5th t o  95 percent i le  male and female 

crew members i n  the 1985 t ime frame. 

- On-orbit s i z i ng  sha l l  include the prov is ion f o r  changing the wr i s t -  

to-palm segment length t o  accomnodate changes i n  arm and shoulder fit. 

10. Wrist Disconnect 

The EVA glove sha l l  be connected t o  the  EVA enclosure forearm v ia  a quick 

disconnect o f  the type used i n  the  Shut t le  EM. 

The thermal dezign basis o f  an EVA glove concept should include: 

- The human body s t r i ves  t o  maintain blood temperature a t  98.6"F. The 

comfortable hand sk in  temperature range i s  83 t o  84°F. 

- D i  scomfcrt i s  produced comnensurate w i th  the departure o f  the hand 

sk in  temperature from the comfortable range. 

- The maximum level  o f  discomfort t ha t  can be sustained for  two minutes 

o r  more corresponds w i th  high and low hand sk in temperatures of 113°F 

and 5U°F. These are the l i m i t s  t o  be used f o r  EVA globe design. Be- 

yona these l i m i t s  the discomfort (pain) increases very rapid ly ,  per- 

m i t t i n g  only short  exposure durations. For example, one can wi th-  

stand a hand trnperature of 120" f o r  only aporoximately 12 seconds. 

- Glove insu la t ion  design i s  dr iven by the +200°F surface touch ten- 

perature requirements. 

- On the basis o f  the above. using an assumed glove laminete w a l l  

thickness o f  0.030 inch ( <  1 mn), an uninsulated glove wc~uld 

protect  against a naximurn surface tocch temperature o f  only 1 1 5 O F .  

Thus, a p rac t ica l  EVA capab i l i t y  requires tha t  i nsu la t i on  be pro- 

vided a t  a1 1 times. This i s  a d r i v i n g  consideration i n  concepting 

the insu la t ion  as an in tegra l ,  inseparable pa r t  o f  the glove wali 

i ami n ~ + e .  



- T h e m 1  rad ia t i on  requirements would be met by inc luding radiant  re- 

f l e c t i v e  layers w i t h i n  the  laminate, thus prov id ing t h e m 1  rad ia t i on  

pro tec t ion  over the er.:ire glove surface. 

- The requirement t o  handle objects occasionally a t  +45d°F would be met 

by using a pro tec t ive  mitten. 

The EVA glove design concept i s  shown i n  Figure 51. 

INTEGRI.LLY FORMED 
CONVOLUTES 

RNGERS PALM AND 
IST METACARPAL MODULE 
JOINT 

f HUMB 
LOW BULK PALM 1ST METAC 

JOINT 

WRIST JOINT 

WRIST Slf lNG MODbLE 
AND WRIST DISCONNECT 

FINGERS 

:ARPAL 

' MODULE 

FIGURE 51. GLOVE D€SlGN CONCEPT 

7.5.2 Workplace Hazards 

Workplace hazards subject the EVA glove t o  damage from cut t ing,  puncture and 

abrasion. Lanii nated f a b r i c  construct ion exh ib i t s  gocd i n t r i n s i c  abrasion 

resistance when the  f a b r i c  can def lec t  and " f low"  over the  rough surface, 

without snagging on small project ions, i n  much the same way as a rubber boat 

s l  ides over a sandbar i n  sha l l  ow water, o r  i ncyrs minimal damage w i t h  repeated 

beach i ngs . 
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Resirtance t o  puncture and cut t ing c8n be improved by imbedding bands o f  f i n e  

wire mesh wi th in  the laminated structure. The mesn would be confined t o  the 

i n te r j o i n t  areas or the fingers, palm and back o f  the hand, and l e f t  out o f  

the j o i n t  areas, so as t o  re ta in  the j o i n t  f l e x i b i l i t y .  This construction i s  

analogous t o  steel-belted radial  t i res ,  i n  which the w i r e  mesh be l t s  protect 

the treads fnwn penetration, but  etai in the f l e x i b i l i t y  o f  the sidewalls. The 

insulat ion pins a1 so contribute t o  workplace hazard protect ion by standing the 

glove wall away from burrs and spl inters on the worlt surfaces. I n  addition, 

the pins themselves o f f e r  an abrasion-sacrifice surface. 

By coloring the outer layers o f  the EVA glove lamination i n  h ighly contrasting 

colors, surface damage can be made highly visible, wi th the depth o f  damage 

being indicated by the color  o f  the layer exposed. Layer th icknexes would be 

designed t o  reveal suy?r f i c ia l  surface damage before s igni f icant  structural o r  

thermal properties degradation occurs, Thus, a worn out o r  damaged glove 

nodule would be replaced before i t  becomes unsafe t o  use. This i s  analogous 

t o  the tread wear bars i n  automobile t i r e s  that  s ign i fy  t i r e  replacemnt when 

only 2/32 in. o f  tread remains. 



SECTION 8.0 

HAZARDS ANALYSIS 

The equipment iden t i f i ed  f o r  EVA use during the eight (8) key sate1 li t e  

servicing scenarios was examined i n  order t o  determine the extent t o  which 

the astronaut i s  expected t o  inter face wi th each piece o f  equipment. Based 

upon the type and duration of astronaut i titerfaces and the operational mode 

i n  which the equipment i s  used ( i n i t i a l  launch, rev is i t ,  o r  earth return) 

an analysis o f  any hazards associated wi th the use o f  each piece o f  equipment 

was undertaken. 

Table X I  presents a l i s t i n g  o f  equipment components wi th which an astronaut 

I C ~ Y  in ter face during EVA ac t i v i t i es .  For each piece o f  equipment l i s t e d  i n  

the table, the component location and/or area i n  which the component w i l l  be 

used has been ident i f ied along wi th the operational mode associated wi th  the 

' ccxiponent. A detai led analysis o f  potential  hazards ( i f  any) associated 

wi th the use o f  each piece o f  equipment i s  also presented i n  the table. A 

hazard analysis has been performed f o r  both the nominal and optional equipment 

components. The hazards i den t i f i ed  f o r  the Grumman Aer~space Corporation 

equipment are described be1 ow. 

- Sharp Edges, Prot rudi ng Fixtures 

Protruding f ix tures l i~ust be approached wi th care so as not t 3  

puncture o r  in te r fe re  wi th the EMU. 

- Radiation 

Prolonged exposure o f  the EVA astronaut during passes throu;h the 

South At lant ic  Anmaly should be avoided. 

- Temperature 

For a1 1 cases, temperatures which exceed the EMU 1 i m i t  o f  -170°F 

to  +200°F must be handled by use of thermal protection garments or 

work res t r i c t ion  areas. 



TABLE XI. EQUIPMENT CO- 

~ e t e n t i o n  stntcture Wthin The Payload Bay I n i t i a l  Launch x 
Earth R e t m  

'Special' Retention Structure Wthin m? Payload b y  I n ~ t i a l  Launch X 
Earth Return 

Eqn ipmt  Storage Revision Wthin The Payload b y  
Close To m? Qbitr 

k v t s i t  x 
Earth Return 

f l u i d  Trmsfer Systcl Wthin The Payload Bey 
close To Ibc Qbiter 

Revisit 

T i l t  Table Wthin Ibc Payload Bay I n i t t a I  Lamb X 
k v i s i t  
Earth Return 

Spin Table Wthin Tlw Payload Bay I n i t i a l  Launch X 

Payload Instal l a t i a  And Wthin lhe Pay104 Bay 1niti.l Launch X 
-1-t Aid (01011) Close t o  The Orbiter Earth Return 

m e  Wanipulator Systm Wth in  The Payload Bay I n i t i a l  Laurh  X 
(-1 Close To Ibc O r b i t s  Revisit 

Earth Return 

aDcA Cherry Picker (KP) Wthin The Palload Bay Revisrt X 
T i l t  Table YorL Plat forr  Earth Return 

Wthin Thc Daylord b y  e v ~ s i t  X 
Close To The Orbiter Earth Return 

Umipulatw Foot Restraint Wthin TI2 Paylord b y  I n i t i a l  Larawh X 
(WR) I t W ~  Close To The orbiter n m i s i t  

Earth Return 

Proximity Opcratlc-s llodule Within The Payload Bay Revisit X 
(m) Close TO Thc orbrtf f  ~ a r t h  -turn 
M a e  Verslon Near me orbi ter  

Versatrle Service Stage (VSS) Within The Payload b y  ln r t ra l  Launch X 
vSS - Oel iverylRetrleva1 Close To The orbrter Revisit 

b a r  Thc Orbiter Earth Return 

v5S - End Effector K \ t  Yithin Thc Payload b y  Revisit X 
Close To n* Orbiter Earth Return 
Near Thc Orbiter 

V S  - OCbris C a ~ t m  K i t  Wthin Thc Payload b y  Earth Return I 
Close To The Orbiter 
Near The hc i te r  

A f t  F l  ,ght Deck (AFD) Wthin the Shuttle W l n  I n i t i a l  Launch 
Nt - rnrS Control Rhis i :  
WD - Satell i t e  CReckout Earth Return 
AFI) - Close Prorimicy 

Fl ight Control 
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Sm Shield Within R e  Payload Bay l n f t i a l  bunch 

Orbital Stordge m t h i n  h e  payload ~ a y  
Close To The Orbiter 

I n i t i a l  Launch 
Revisit  

Attitude Transfer Package Within The Payload Bay I n i t i a l  Launch 
Revisit  
Qr th Return 

Lighting Enhancement Wthin The Payload Bay 
Close To The M i t e r  
Mar  The Orbiter 

I n i t i a l  L a a h  
Revisit  
Earth Retun, 

named maewering Mit (-1 
Ywt Restraint Unit (W) 

mvlau Uith RllS End Effector Within ThC Payload Bay 
Close To Tbe Orbiter 

I n i t i a l  Ldunch 
R r i s i t  
Earth Reurn 

1 P m x i n t y   ions W l e  Mithin ThC Pa load Bay 
(WW) close TO TM L i t e r  

n u i s i t  
Earth Return I w -tion h r  m e  orb i ter  

Hawling And Posi t ion iqAid Within ThC Payload Bay 
(WA) Close To the Orbiter 

I n i t i a l  Launch 
R r i s i t  
Earth Return 

Ibn-Contminrt lq Attitude Yi th in The Payload Bay 
Control Systea (ACS) Close To The Orbiter 

Rrltlt 
Earth Return 

R m n e r a b l e  Tel'evision ( W T V )  Wlthin The Payload Bay 
Close To The Orbiter 
War Thc Orbiter 

I n i t i a l  Launch 
& i s i t  
Earth Return 

HWIUR'J With Stabi l izer Within The Payload Bay 
Close To the Orbiter 

l n f t i a l  Launch 
R v l ~ i t  
Earth Return 

HWlllRU With Payload Handling withln The Payload Bay 

~ Close To The Orbiter 
Revisit 

IIII/I1RV-PrO.iaity Operations Wltkin The Payload b y  
llodule (WW) Close To T I U  Orb! te r  

Near The Crbiter 

& v i s i t  
Earth Return 



8.0 (Continued) 

- - Contami nat ion 

A major concern f o r  r e v i s i t  sate1 l i t e  serv ic ing l i e s  w i th  contami - 
nation. Whereas most contaminants w i  1 1 vapori ze once i n vacuum, 

various f l u i d s  such as freon w i l l  be dangerous i f  placed near the  

EMU helmet. 

- Spring Release Mechanisms 

For satel  1 i t e  deployment and various appendage deployment , the 

automated mode consists o f  a spring-loaded mechanism which may be 

manually actuated should malfunct ion occur. The force exerted by 

the  spring must not exceed the  astronaut 's s tabi  1 i t y  force and the 

deployed s t ruc ture  should avoid s t r i k i n g  the  a s t r o ~ a u t .  

- Debris 

Debris could cause safety problems should an astronaut be required 

t o  in te r face  w i th  it. The debris w i l l  requi re unique operational 

cautions f o r  both the  cremember and the  Shuttle. However, i f  

possible, debr is  should be handled v ia  mechanical means. 

- At t i tude Control 

The MMU operates on an essent ia l l y  benign gas, GN2, and w i l l  not 

pose a contamination problem. The MMU guidance system must be 

operating f lawlessly  t o  provide safe transversal t o  and from work 

s i tes.  

- Equipment Restra int  Tethers 

Video recordings o f  s a t e l l i t e  serv ic ing performed on a mockup o f  

the space telescope during WIF tank t e s t i n g  has revealed tha t  t oo l  

r e s t r a i n t  te thers  can i n t e r f e r e  w i th  the jbtronaut 's abi 1 i t y  t o  

perform a repa i r  task. The r e s t r a i n t  te thers have the tendency t o  

wrap around the astronaut 's arms, placing unwanted r e s t r i c t i o n s  on 

the astronaut's reach envelope. The number of r e s t r a i n t  te thers 

required f o r  sate1 1 i t e  serv ic ing equipment should be minimized so 

as t o  place minimal r e s t r i c t i o n s  upon the astronaut. This minimal 

number o f  r e s t r a i n t  te thers can best be determined through sate1 l i t e  

serv ic ing simulat ion t e s t i n g  ( i  .e., WIF tank). 



SECTION 9.0 

CREW TRAINING 

Crew t r a i n i n g  f o r  s a t e l l i t e  o r  payload serv ic ing  i s  an extension o f  crew 

t r a i n i n g  f o r  EVA cur ren t ly  i n  practice. EVA t r a i n i n g  i s  c ~ r r e n t l y  concerned 

w i t h  thrcre broad areas as follows: 

Pre and post procedures, EVA operat ion and mal- 

funct ion procedures. 

I n t e g r a t i o ~ l  and serv ice from FSS, MMU operation and 

ma1 funct  i on  procedures. 

EVA TASKS Performing contingency tasks i d e n t i f i e d  t o  date; 

namely payload bay door closure, pay1 oad bay 

door l a t ch ing  and RMS cradling. 

Sate1 l i t e  serv ic ing tasks w i l l  become addi t ional  EVA 

tasks as they are ident i f ied .  

Each o f  these areas may be standardized t o  an extent where crew t r a i n i n g  t ime 

i s  reduced due t o  reduced t ime required f o r  understanding pf-ocedures and 

spec i f i c  tasks, creat ing standardized crew t r a i n i n g  equipment and f l i g h t  

operat ions procedures. Although nat def ined quant i ta t i ve ly ,  t h i s  i n te rp re ta t i on  

leads t o  cost savings i n  add i t ion  t o  t r a i n i n g  standardization. 

9.1 TRAINING FACILITIES AND AIDS 

Crew t r a i n g  uses the fo l lowing f a c i l i t i e s  and t r a i n i n g  aids: 

C l  assroom Hands-on demonstration o f  EVA equipment. 

Work book Programmed learning materials t o  i ns t ruc t  i n  

construct i on  funct ions and operat ions o f  EVA equi pnent. 

Ma1 funct ion Computerized input  t o  caut ion and warning systems t o  

Sirnul a to r  communicate simul ated problems and problem-management 

references . 
1-9 Orb i te r  Trainer H-Fi mockup o f  o r b i t e r  cabin and a i r lock ,  used f o r  

procedure devel opment and wal k-thru. 



9.1 (Continued) 

11 F t  A l t i t u d e  

Chamber 

Weightless 

Envi ronment 

T ra in ing  Faci 1  i t y  

(WETF) 

Communication 

Facsimi l e  

MMU Simulator 

MFR-OCP Simulator 

High vacuum chamber f o r  t r a i n i n g  on use of t he  

EMU. 

Water tanks i~ which payload EVA scenarios a re  

developed and pract iced.  These w i l l  be t he  

major t r a i n i n g  f a c i  1 i t i e s  f o r  payload serv ice  

EMii tasks f o r  developing both use o f  s ~ ~ p p o r t  

equipment and t o o l s  aad p r a c t i c i n g  payload ser-  

v i c i  ng techniques. A WETF located a t  Johnson 

Space Center (JSC) contains a f u l l  mockup o f  t he  

Shut t le  payload bay. This u n i t  w i l l  a l low t e s t -  

i n g  and t r a i n i n g  f o r  donning and d o f f i n g  o f  the  

MMU, and w i l l  s imulate t he  use o f  EVA handra i ls  

and work platforms. 

A hard1 i n e  vers ion o f  the  'MU rad io  t o  permit  

2-way communication between t r a i n i n g  d i  r e c t i o n  and 

EVA subject. 

A 3-axis, 6 degree o f  freedom s imulator  located 

a t  Mar t in  Mar ie t ta  Corporation, Denver which simulated 

hands-on f l y i n g  o f  the MMU. The f a c i l i t y  s imulates 

MMU con t ro ls  and d i  splays, and physical  l y  t r ans la tes  

and ro ta tes  a su i t ed  o r  unsui ted t r a i n i n g  subject  

i n  response t o  con t ro l  i npu ts  from the  t r a i n i n g  

subject. 

Large Amp1 i t ude  Space Simulator (LASS), a  3-axis, 6 

degree o f  freedom s imulator  located a t  Grumman 

Aerospace Corporation, which simulates the 

dynamic motion o f  the RMS on o r b i t  and the  foot  

r e s t r a i n t s  and operat ional  se rv i c i ng  procedures 

i nvo l v i ng  the  MFR and t he  OCP. 



9.1 (Continued ) 

K-Bi r d  A Boeing KC-135 a i r c r a f t ,  based a t  E l  1 lngton A i  r 

Force Base, Texas used t o  f l y  0-g parabol ic f l i g h t s .  

Th:se dre used t o  v e r i f y  EMU don and d o f f  procedures 

and t o  t r a i n  f o r  0-g don and doff ,  which cannot be 

done i n  the WETF. 

ETA A l t i t ude  A vacuum simulator o f  the o r b i t e r  cabin and a i r -  

Chamber lock f o r  t ra in i r .g  i n  cabin and a i r l ock  procedure 

a t  equi val ent f 1 i ght a1 t i tudes. 

9.2 TRAINING TIME 

The crewmember w i l l  already be t ra ined i n  the use o f  the EMU, and w i l l  be 

t ra i r ied i n  use of the MKU i f  the MhU i s  required f o r  the payload service 

scenario. Pay1 oad service equipment of complexity comparable t o  the EVA 

contingency too ls  w i  11 requi re approximately the same number o f  t o t a l  hours 

f o r  t ra in ing .  Complex payl oad service equipment i s  expected t o  requi re 

several rounds o f  WETF use and approximately double the workbook and classroom 

t ime as the sequences shown be1 ow: 

1. Workbook on payl oad service equi pment 

2. Workbook on payl oad serv ice procedure 

3. Classroom on servicc procedure and equipment 

4. WETF run using scuba gear t o  p rac t ice  procedure 

and use o f  too ls  

5. WETF fami l ia r iza t ions  run using EMU t o  prac t ice  

procedure 

6. WETF run using EMU t o  p rac t ice  1-man contingency 

proceclures 

7. WETF run using EMU t o  p rac t ice  2-man contingency 

procedures 

8. WETF payload EVA t a  prac t ice  payload service 

9. WETF payload EVA t o  p rac t ice  payload service 

2 hrs* 

2 hrs* 

3 hrs 

2 hrs* 

3 hrs* 

4 hrs 

4 hrs 

4 hrs*  

4 hrs - 
Minimum estimated t r a i n i n g  time, exclusive o f  28 hrs 

pre and post overhead per EVA crewmember f o r  

payl oad serv ic ing 
* Times expected t o  i ~ c r e a s e  fo r  complex servicing. 

9-3 



9.2 (Continued) 

These estimated t r a i n i n g  t imes are those f e l t  t o  be minimal f o r  t he  simplest 

o f  se rv i c i ng  e f f o r t s .  As s p e c i f i c  se rv i c i ng  missions become b e t t e r  defined 

and s imulat ions take place, a more s p e c i f i c  est imate o f  i nd i v i dua l  t r a i n i n g  

t ime can be made. It i s  recommended t h a t  " t r a i n i n g  records" be kept o f  

these a c t i v i t i e s  t o  estab l  i SP base1 ines f o r  est imat ing f u t u r e  se rv i c i ng  

needs. However, due t o  the  s t ~ n d a r d i z a t i o n  o f  tasks invo lved i n  t he  s a t e l l i t e  

se rv i c i ng  scenario; ( i  .e., redundancy o f  common steps), successive crew 

t r a i n i n g  requi red 1 dr  accomplishing t h e  serv ice  scenarios w i  11 1 i k2 l y  be 

minimized. A r ev i tw  o f  the s a t e l l i t e  se rv i c i ng  scenarios d e t a i l e d  i~ the 

appendices o f  t h i s  study i 1 l u s t r a tes  t he  r e p e t i t i o n  o f  tasks involved. 



SECTION 10.0 

EVA BENEFlTS ASSOCIATED WITH THE EMU 

Apollo and Skylab missions have demonstrated t h a t  EVA can be used as an 

e f f e c t i v e  technique fo r  perfcrming tasks associated w i th  repair,  maintenance 

and construction. Modif icat ions t o  the  EW and support equipment t h a t  w i  11 

benef i t  sate1 li t e  serv ic ing are described i n  the f o l  lowing : 

Extravehicular Hobi 1 i t y  Uni t  

8 P S I  EMU - By increasing the  s u i t  in te rna l  pressure from 4 ps i  t o  8 ps i  t h e  

requi rement f o r  prebrea'fing w i  1 1 no 1 onger ex is t ,  thereby saving over 3 

hours o f  crew time for  each EVA sor t ie .  

Non-Venting Thermal Control Subsystem - El iminat ing the venting o f  consumables 

(speci f i cal l y  water vapor j w i  1 1 a1 1 ow the crewmember t o  service contamination 

sensi t ive pay1 oads. This expands the  scope o f  sate1 1 i t e  serv i  c i  ng t o  i ncl  ude 

a: 1 types of LEO sate1 li tes. 

Automatic Visor - Consider a scenario i n  which a crewmember performs s a t e l l i t e  

servicing i n  an environment which constantly places the astronaut i n  varying 

i l luminat ion.  

The necessity o f  manual l y  f l  i p p i  ng the extravehicular v isor  assembly (EVVA) 

requires the  f ree  use o f  one hand, i n  t u r n  d isrupt ing the f low o f  the  sate1 l i t e  

servicing mission. Replacing the  EVVA w i th  an automatic v isor  assembly 

woul d provide the  benef i ts  o f  continuous sate1 1 i t e  serv ic ing capabi 1 i t y  

(i.e., no i l luminat ion  d is t ract ion,  continuous two handed operation). 

Work L ight  - The bat tery operated EVA work 1 igh ts  provide the capab i l i t y  of 

conducting any task w i th in  a 10 ft. (3m radius). Development i n  technology 

areas o f  l i g h t  ampl i f icat ion devices ind ica te  potent ia l  f o r  EVA use. The 

benef i ts  t h i s  creates include removal o f  the current EVA work l i g h t  system 

and e l  i m i  nat ing bulky 1 i gh t i ng  structures cur rent ly  designed onto such 

devices as the Open Cherry Picker. 

Expanded EMU Computer - Increased computer capabi 1 i t y  provides the f o l  lowing 

benef i ts  : 



10.0 (Continued ) 

- Temperature Monitor. This a1 lows the crewmember t o  know the 

surface temperature o f  an object before he touches it, ul t imately 

af fect ing product iv i ty  (time saved due t o  indocision) and crew- 

member safety. 

- Voice Control. This includes both voice synthesis (preprogranuned 

a1 lows e l  imination of  visual displays) and voice recognition 

systems (act ive - a1 lows voice command and el imination o f  control 

mechanisms). Voice control allows the EVA crewmember t o  control 

the MMU by voice command and keep h i s  hands f ree f o r  other pur- 

poses. I n  addition, voice control o f  the EMU l i f e  support system 

mu1 d eliminate the displays and control module (DCM) - providing 

both a smaller front-to-back EMU dimension (crewmember can in -  

crease effect ive arm reach length) and an instantaneous 1 i f e  

support function monitor system. Benefits include time saved by 

allowing uninterrupted task operations i n  both crewmember con- 

centration and two-hands capabl I i t y  . 
- High Energy Battery. The major benefi t  provided by increased 

energy density power sources are i n  f l i g h t  weight and volume. 

A high energy battery would reduce current battery sizes as well 

as a1 low more demanding power loads and longer cycle 1 ife. This 

w i l l  expand the range of s a t e l l i t e  servicing tasks and the range 

o f  anci 1 la ry  equipment for i t e ra t i ve  tasks ( i  .e., removing many 

bolts, etc.). 

- Power Tool. The Space Telescope sate1 li t e  servicing DDT&E pro- 

gram has demonstrated, among many things, the fatigue 1 eve1 associated 

with routine removal o f  spacecraft modules. The resul ts indf cate 

that  the crewmember becomes fatigued before task completion t o  the 

extent where productivi ty i s  adversely affectod. The use of a 

power tool  f o r  s a t e l l i t e  servicing w i l l  a1 low both qvicker replace- 

ment o f  spacecraft modules and reduced crewmember e ~ e r t i o n  - each 

increasing crewmember productivi ty. 



10.0 (Continued) 

The benefi ts associ ated wi th EMU modi f icat ions w i  1 1 become more apparent as 

sate1 1 i t e  servicing tasks expand i n  frequency and ccmplexi ty .  One point 

remains clear - each modification has a gmd potential  o f  increasing ef fect ive 

u t i l i z a t i o n  o f  EVA time1 i ness providing subsequent cost savings by (1) a1 low- 

ing more wort t o  be completed wi th in a s a t e l l i t e  servicing so r t ie  or by (2) 

shortening the t o ta l  mission time. 



SECTION 11.0 

TECHNOLOGY PLAN 

Hardware procurement f o r  EVA capabi 1 i t y  equipment w i  11 requi r e  the f o l  lowing 

steps i n  general : 

- Concept 

Ident i fy  requi rements 

Ident i fy  concepts 

Eva1 uat 3 and select concept 

Develop technology t o  support design of selected 

concept 

Manufacture and evaluate prototype 

Des i gn 

Develop - hardware, software, interfaces, procedures 

Test 

Evaluate - WlF, Test Chamber, K-Brid, F l i gh t  

- Manufacture 

Fabricate 

Assemble 

Acceptance Test 

Integrat ion i n t o  STS operations 

For a more specif ic program plan reference 'able X I .  



TABLE XI1 DEVELOPMENT SCHEDULE* 

MANUFACTURE 

EMU GLOVES 

CONCEPT 

MANUFACTURE 

REFUELING SYSTEM 

CONCEPT 

MANUFACTURE 

HAND TOOLS 

CONCEPT 

MANUFACTURE 

PREBREATHE ELIMINATION 

CONCEPT 

MANUFACTURE 

HAND-HELD POWER TOOL 

CONCEPT 

MANUFACTURE 

DIAGNOSTIC & CHECKOUT 

CONCEPT 

MANUFACTURE 

ENHANCED COMPUTER 

CONCEPT 

MANUFACTURE 

REGENERABLE Cot 

CONCEPT 

MANUFACTURE 

NON-VENTING HEAT SINK 

CONCEPT 

MANUFACTURE 

*ASSUMES IMMEDIATE PROGRAM FUNDING AND lN l f  lAT ION 

11-2 



SECTION 12.0 

CONCLUSIONS A140 RECOHMENDATIONS 

The Extravehicular #obi 1 i t y  Unit (EMU), currently avai lable and capable f o r  

routine sstel l i t e  servicing, remains a major factor i n  planning future 

sate1 l i t e  servicing missions, Results from t h i s  study indicate tha t  sate1 l i t e  

servicing can be performed wi th in  the present EMU EVA time capabi l i ty  and 

tha t  future EMU modifications could enhance sate1 1 i t e  servicing, i n  turn  

providing greater benefits t o  both the NASA and sate1 l i t e  users, Previous 

Gemini, Apol l o  tnd Skylab missions have demonstrated EVA effectiveness, 

while Water Immersion Fac i l i t y  (WIF) tes t ing has demonstrated that  projected 

sate1 1 i t e  servicing operatioi  ns can be conducted successful l y e  

The study iden t i f i ed  current EMJ capabi 1 i t i e s  which i n  tu rn  a f fec t  equipment 

and sate1 1 i t e  design. Although presently capable o f  sat is fy ing projected 

s a t e l l i t e  servicing time l ines and basic equipment inter face requirements, 

come EMU m d i  f icat ions are desirable t o  enhance future sate1 1 i t e  servicing 

capabi 1 i t i e s .  

One such modification iqcludes the development o f  a non-venting heat sink t o  

permit servicing o f  contamination sensit ive sate1 l i t es .  Other modifications 

include development o f  an 8-psi space s u i t  (versus current 4.0-psi s u i t )  t o  

e l  iminate prebreathing, universal power too l  (reduces crewrnember fatigue, 

increases number o f  possible servicing operations), 1 i gh t  amp1 i f icat ion 

devices (a1 lows two-handed operating during rapid 1 i gh t  variat ion), and 

1 i thium batteries (provide power f o r  advanced EMU and anc i l la ry  equipment). 

This study's time l i n e  analyses indicate that  tasks may be standardized. 

The time required t o  complete even the most complex Grumn  scenario remains 

well wi th in the EVA capabi l i ty  o f  the EMU. I n  addition, s tandard izat io~ o f  

both equipment and tasks w i l l  reduce the time required for crew t ra in ing  as 

we1 1 as providing d is t r ibu t ion  o f  equipment cost over a multitude o f  functions. 
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Hami 1 ton  Standard examined the  f o l  lowing Grumnan Aerospace Corporati on 

scenarios i n  order t o  establ ish a comprehensive data base: 

I n i t i a l  Launch 

I n i t i a l  Launch 

I n i t i a l  Launch 

I n i  t i  a1 Launch 

I n i  t i a1 Launch 

I n i  t i a1 Launch 

Revi s i t  

Revis i t  

Revi s i t  

Revi s i t  

Revis i t  

Revis i t  

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Earth Return 

Payl oad Depl oyment 

Backup fo r  Rcter?tion Latzh Hangup 

Backup f o r  Appendage Hangup 

Payl odd Depl oyment 

Backup fo r  Retention Latch Hangup 

Backup fo r  Appendage Hangup 

H T V  Depl oy/Payload Exam; Retr ieval /Servici  ng ; 

Payload Deployment 

Backup f o r  T i l t  Table Hangup 

Backup f o r  Appendage Hangup 

M T V  Depl oy/Payl oad Exam; Retr ieval /Servici  ng 

Payl oad i k p l  oyment 

Backup f o r  Retention Latch Hangup 

Backup for  Appendage Hangup 

MTU Depl oy/Payl oad Retr ieval 

Backup f o r  Retention Latch Hangup 

Backup for  Appendage Hangup 

POM-MMU/IJRU Depl oyment /Pay1 oad Retrieval 

Backup fo r  Retention i a t c h  Hangup 

Backup for  Appendage Hangup 

Manned POM Depl oy/Payl oad Retr ieval 

Backup f o r  Retention Latch Hanguo 

Backup for  Appendage Hangup 

POM/MTV Depl oy/Payl oad Retr ieval 

Backup f o r  Retention Latch Hangup 

Backup for  Appendage Hangup 



PAYLOAD DEPLOYMENT 

SATELLITES STOWED IN RETENTION STRUCTURES RETLNTION SYSTEM LATCHESIUMBILICAL 
STATUSIHEALTH CHECKS VIA UMBILICAL IN  RELEASED 
RETENTION STRUCTURE (COMM VIA ORBITER MMU/WRU TRANSLATES SATELLITE AND 
H A N D )  BERTHS TO HPA 
MMU/WRU WlTH RMS END* FFECTOR ATTACHES ACTIVATION OF SELECTED SATELLITE SUB- 
TO SATELLITE SYSTEMS w IA GROUND LINK (COMM VIA 

SATELLITE) 

SATELLITE APPENDAGES DEPLOYED BY 
GROUND COMMAND AND VERIFIED BY 
ORBITER CREW 
STATE VECTOR TRANSFER 
TRANSFER PAYLOAD TO lNT ERNAL POWER 
FINAL STATUS!HEALTH CHECK PRIOR TO 
DEPLOYMENT (COMM VIA SATELLITE) 

HPA RELEASES SATELLITE IN PREFERRED 
AT'ITUDE AT - I FT/SEC VELOCITY 
SATELLITE ACTIVATION OF RCS AT 
> 200 FT 

BACKUP FOR RETENTION LATCH HANGUP BACKUP FOR APPENDAGE HANGUP 

MMUfWRU WITH ST ABlLlZER DEPLOYED FOR MMUfWRU WITH ST ABlLlZER DEPLOYED FOR 
MANUAL RELEASE MANUAL ASSIST 

OR OR 
EVA VIA HANDRAiLS EMPLOYED WORK STATION ON HPA IS UTILIZED 

0 4  RMS INOPERATIVE DEPLOYMENT SEQUENCE - DIRECT DELIVERY PAYLOAD CLASS 
- MULTIPLE PAYLOADS - HP-'I USAGE 



I n i t i a l  Launch 

04 RMS Inoperat ive Oepl oyment Sequence 

Pay1 odd Depl oyment 

Task Time Cum. Time 
(Min.) (Mi n .) 

1. Leave A i  r l ock 1 

2. Translate t o  Tool Storage 1 

3. Obtain Equipment 5 

4. Translate t o  MMJ 2 

Lock i n t o  Mb!U 

5. ?-;icelate t o  WRU 1 

Lock int.3 WRU 

6. Translaze MMU/WRU t o  S a t e l l i t e  Storage Area 14 

7. Attach MMU/WRU t o  S a t e l l i t e  2 

8. Trassl a te  Sate1 1 i t e  t o  HPA 14 

9. Berth Sate1 li t e  t o  HPA 5 

10. Detach MW/WRU from Sate1 l i t e  2 

11. Translate Away from S a t e l l i t e  7 

12. Standby (Deploy Sate1 1 i t e  Appendages ) 10 

(Final Sate1 1 i t e  StatusIHeal t h  Checks ) 5 

(Re1 ease Sate1 1 i t e  from HPA) 2 

13. Translate MMU/WRU t o  PLB AESA 14 

14. Unlock from MMU/WRU 1 

15. Configure MMU and WRU f o r  Re-entry 34 

16. Translate t o  Tool Storage 1 

17. Return Equipment 5 

18. Translate t o  Ai r lock 1 

19. Enter A i  r lock  1 

Scenario assumes WRU i s  equipped w i th  RMS type end ef fector .  



I n i  t i  a1 Launch 

D4 RMS Inoperat ive Depl oyment Sequence 

Backup f o r  Retention Latch Hangup 

Task Time Cum. Tirnr 
(Min.) (Min.) 

Leave A i  r l  ock 1 

Translate t o  Tool storage 1 

Obtain Equi pment 5 

Translate t o  MMU 2 

Lock i n t o  MMU 

Trans1 a te  t o  WRU 1 

Lock i n t o  WRU 

Trans1 a te  MMUIWRU t o  Retenti on Latch 14 

Manually Release Retention Latch 10 

Translate MMU/WRU t o  S a t e l l i t e  Stowage Area 3 

Attach MMUIWRU t o  Sate1 l i t e  2 

Translate Sate1 li t e  t o  HPA 14 

Berth Sate1 l i t e  t o  HPA 5 

Detach MMUIWRU from Sate1 1 i t e  2 

Translate Away from Sate1 1 i t e  7 

Standby (Deploy Sate1 1 i t e  Appendages) 10 

(Final Sate1 li t e  Status/Heal t h  Checks) 5 

(Re1 ease Sate1 1 i t e  f ran HPA) 2 

Translate P:N/WRU t o  PLB AESA 14 

Unlock from MMUIWRU 1 

Configure MMU and WRU f o r  Re-entry 34 
Translate t o  Tool Storage 1 

Return Equipment 5 

Translate t o  Tool Storage 1 

Enter A i  r l  ock 1 

Scenario assumes WRU i s  equipped wi th  RMS type end effector,  and s t a b i l i z e r .  



I n i  t i a1 Launch 

04 RMS Inoperative Depl oyment Sequence 

6 

7. 

8. 

9 - 
10. 

il. 

12. 

13. 

14. 

15. 

16. 

Backup f o r  Appendage Hangup 

Task Time 
(Min.) 

Leave A i  r l  ock 1 

Translate t o  Tool Storage 1 

Obtain Equipment 5 

Translate t o  MMU 2 

Lock i n t o  MMU 

Translate t o  dRU 1 

Lock i n t o  WRU 

Trans1 a te  MMU/WRU t o  Sate1 1 i t e  Storage Area 14 

Attach MMU/WRU t o  Sate1 1 i t e  2 

Translate Sate1 li ?e t o  HPA 14 

Berth Sate1 1 i t e  t o  HPA 5 

Detach MMU/WRU from Sate1 1 i t 2  2 
Trans1 a te  MMU/WRU away frcin Sate1 1 i t e  7 

Standby (Pep1 oy Satel i i t e  Appendages) 10 

Translate MMU/IU'ZIJ t o  Appendage Malfunction 7 

Pepai r Appendage Ma1 funct ion 10 

Trans1 a te  MMUjWRU away from Sate1 1 i t e  7 

Standby (Final Sate1 1 i t e  Status/Heal t h  Checks) 5 

(Re1 ease Sate1 1 i t e  from HPA) 2 

Translate MMU/WRU t o  PLB AESA 14 

Unlock from MMU/WRU 1 

Configure MMU and WRU f o r  Re-entry 34 

Translate t o  Tool Storage 1 

Return Equi pment 5 

Translate t o  A i  r:ock 1 

Enter A i  r l  ock 1 

Cum. Time 
(Min.) 

1 

2 

7 

Scenario assumes WRU i s  equipped w i th  RMS type end ef fector .  



PAYLOAD DEPLOYMENT 

SATELLITE STOWED I N  CARGO BAY RETENTION LATCHES RELEASED 
STATUS/HEALTH CHECKS VIA UMBl l lCAL SATELLITE ROTATED OUT OF PAYLOAD 
I N  TILT TABLE (COMM VtA ORBITER BAY VIA T lLT TABLE 
S-BAND) ACTIVATION OF SELECTED SATELLITE 

SUBSYSTEMS VIA GROUND LINK (COMM 
VIA SATELLITE) 

SATELLITE APPENDAGES DEPLOYED BY MMUlWRU RELEASES SATELLITE I N  
GROUND COMMAND AND VERIFIED BY PREFERRED ATTITUDE AT * I FT/SEC 
ORBITER CREW VELOCITY 
STATE VECTOR TRANSFER SATELLITE ACTIVATION OF RCS AT 
TRANSFER PAYLOAD TO INTERNAL POWER > 200 FT 
FINAL STATUSlHEALTH CHECK PRIOR TO 
DEPLOYMENT (COMM VIA SATELLITE) 
MMUIWRU WITH RMS END EFFECTOR ATTACHES 
TO SATELLITE 
SATELLITE RELEASED FROM TlLT TABLE/ 
UMBILICAL 

BACKUP FOR RETENTION LATCH HANGUP BACKUP FOR APPENDAGE HANGUP 

6 MMU/WRU WITH STABILIZER DEPLOYED FOR MMUlWRU WITH STABILIZER DEPLOYED FOR 
MANUAL RELEASE MANUAL RELEASE 
O R  OR 

EVA VIA HANDRAILS EMPLOYED WORK STATION ON TILT TABLE IS UTILIZED 

D6 RMS INOPERATIVE DEPLOYMENT SEQUENCE - DIRECT DELIVERY PAYLOAD CLASS 
- LARGE PAYLOADS - TlLT TABLE USAGE 



I n i t i a l  Launch 

D6 RMS Inoperat ive Deployment Sequence 

Pay1 or d Dep 1 oyment 

Task Time Cum. Time 
(Min.) (Min.) 

Leave A i  r l  ock 

Translate t o  Tool Storage 

O t ta i  n E q u ~  pment 

Translate t o  MFIU 

Lock i n t o  MMU 

Tranl a t e  t o  WRU 

Lock i n t o  WRU 

Transl a t e  MMUIWRU t o  Sate1 1 i t e  

Attach MMUIWRU t o  Sate1 1 i t e  

Release Sate1 1 i t e  from T i  1 t Table/Umbi 1 i c a l  

Translate Sate1 1 i t e  t o  Deployment Area 

Release S a t e l l i t e  from MMUIWRU 

Translate MMUIWRU t o  PLB AESA 

Unlock from MMU/WRU 

Configure M19U and WRU f3r Re-entry 

Translate t o  Tool Storage 

Return Equipment 

Transl a t e  t o  A i  r l  ock 

Enter A i  r l  ock 

Scenario assumes WRU i s  equipped w i t h  RMS type end e f f ec to r .  



I n i t i a l  Launch 

D6 RMS Inope r a t  i ve Oepl oyment Sequence 

Backup f o r  Retention Latch Hangup 

Task Time Cum. Time 
(Min.) (Min.) 

Leave A i  r l  ock 1 

Translate t o  Tool Storage 1 

Obtain Equipment 5 

Translate t o  MMU 2 

Lock i n t o  MMU 

Trans1 a te  t o  WRU 1 

Lock i n t o  WRU 

Translate MMUIWRU t o  Retention Latch 14 

Manual l y  Re1 ease Retention Latch 10 

Translate away from Satel li t e  7 

Standby (Rotate Sate1 l i t e  Out of Payload Bay) 2 

(Act ivate Sate1 1 i t e  Subsys+ems ) 2 

(Deploy Sate1 1 i t e  Appendages) 10 

(Final Sate1 1 i t e  StatusIHeal t h  Checks) 10 

Translate MMU/WRU t o  Sate1 1 i t e  7 

Attach MMU/WRU t o  Sate1 li t e  2 

Release Sate1 li t e  from T i  1 t Table/Umbi 1 i c a l  2 

Translate Sate1 1 i t e  t o  Deployment Area 14 

Re1 ease Sate1 1 i t 2  frond MMUIWRU 2 

Translate MMUIWRU t o  PLB AESA 14 

Unlock from MMU/WRU 1 

Configure MMU and WRU f o r  Re-entry 34 

Translate t o  Tool Storage 1 

Psturn Equipment 5 

Translate t o  Air lock 1 

Enter A i  r l  ock 1 

Scenario assumes WRU i s  equipped wi th RMS type end effector, and s t a b i l i z e r .  



I n i t i a l  Launch 

06 RMS Inope r a t  i ve Depl oyment Sequence 

Backup f o r  Appendage Hangup 

Task Time Cum. Time 
(Min.) (Hin,) 

Leave A i  r l  ock 1 

Translate t o  Tool Storage 1 

Obtain Equipment 5 

Translate t o  MIW 2 

Lock i n t o  W 

Trans1 a te  t o  HRU 1 

Lock i n t o  HRU 

Translate fSb(U/WRU t o  Appendage Hangup 14 

Repair Appendage Ma1 funct ion 10 

Trans1 a te  Away from Sate1 1 i t e  7 

Standby (Final Sate1 1 i t e  Status/Health Checks ) 10 

Translate W/HRU t o  Sate1 1 i t e  7 

Attach MMI/WRU t o  Satel 1 i t e  2 

Release Satel 1 i t e  from Ti 1 t Table/Umbi 1 i c a l  2 

Trans1 a te  Satel l i t e  t o  Depl oyment Area 14 

Re1 ease Sate1 1 i t e  f ran MMU/WRU 2 

Translate MMU/URU t o  PLB AESA 14 

Un1 ock from MMUIWRU 1 

Configure MW and WRU fo r  Re-entry 34 

Translate t o  Tooi Storage 1 

Return Equipment 5 

Trans1 a te  t o  A i  r l  ock 1 

Enter A i  r i  ock 1 

Scenario assumes WRU i s  equipped wi th  RMS type end effector,  and s tab i l i ze r .  



MTV DEPLOY MENTIPAY LOAD EXAMINATION 

ORBITER RENDEZVOUS WlTH SATELLITE TO WITHIN - 1000 CT rJEPARATION DISTANCE 
MTV IS DEPLOVED BY MMUIWRU WlTH R M I  END.ECCECTOR 
TO EXAMINE SATELLITE 

ORBITER/MTV R E N D I Z V O U I  
MTV RETRIEVED BY MMUJWRU AND STOWED I N  PAYLOAO 
BAY 

SATCLLITE SAFINO. PROPELLANT VENTINO, PREPARATIONI 
FOR RENDEZVOUS 
SATELLITE ACS IS ACTIVE TO MAINTAIN STABILITY 
ORBITER RLNDEZVOUI WlTH SATELLITE TO WITHIN VIEW 
OF AFDIPAYLOAD BAY TV CAMERAS, SATELLITE EXAMINE0 
VIA MMUIWRU OR VISUAL CREW OBSERVATION 
MMUIWRU WITH RMS END EFFECTOR ATTACHES TO 
SATELLITE 

SATELLITE LCCENDAOES RETRACTED 
DEACTIVATE SATELLITE BY OROUND COMhrAND 

SATELLITE BERTHED TO P4YLOAD BAY T lLT  TA@LE AND 
UMEILICAL CONNPCTIONS VERIFIED 
TRANSCER SATELLITE TO ORBITER POWER TO MAINTAIN 
THERMAL CONTROL 

C n E c u o u T  STATUSIHEALTH VIA UMBILICAL IN TILT TABLE 
(COMM VIA SATRLLITE) 
IMPLEMENT SERVICINO FUNCTIONS VIA OCPIWORK 
STAT ION ON T l L T  TABLE 

EXAMINE, REPAIR, MAINTENANCE, RESUPPLY, 
RLCONCIOURE 

T R -  T CK 'OES TO WORK LTATION VIA 



,, - I . ., , . , ,,, .. 
SATELLITS BERTHED T O  PAYLOAD BAV'TIL r I I ( ;  l i  A 

. , ,, 
~ • 1 6  - 1  11.1 , 8 # I -  . w 8 L - . - .I r m 

UM~IL ICAL CONNECTIONS VERIFIED (COMM VIA SATELLITE) 
TRANSIER SATELLITE TO ORDITER POWER TO M A I N T A I N  IMPLSMENT SERVICINO YUNCTIONS V I A  OCP/WORK 
THERMAL CONTROL STATION O N  T ILT  TABLE  

EXAMINE,  REPAIR, MAINTENANCE, RESUPPLY. 
RKCONCIOURI  

TRANSPORT PACUAOES TO WORK 8TAT lON V I A  
MMU/WRU WlTH  PAYLOAO HANDL INO CAPABIL ITY 
CHECKOUT/VERlCY STATUS OC ON-ORBIT SERVICES 
PERCORMEO (COMM VIA IATCLLITE) 

1 PAYLOAD OECLOYMENT~ 

M U I J / W R U  ATTACHLS TO SATELLITE 
STATE VECTOR TRANSFER 
TRANSFER SATELLITE T O  INTERNAL  POWCR 

S A T E L L I T I  APCENDAOES DCPLOYED a Y  OROUND 
COMMAND AND VERICIED BV ORBITER CREW 
CIr4AL STATUS/HEALTH CHECK PRIOR TO DEPLOYMENT 
(COMM V IA  SATELLITE)  

BACKUP FOR T I L T  T A 8 L E  HANOUP 

MMUJWRU WITH STA8lL IZER DEPLOVED FOR MANCiAL 
RELEASE OR E V A  V I A  HANDRAILS  EMPLOVEO 

T l L T  T A B L I  LATCHSSIUMBILICALS R E L E A I E D  
MMU/WRU ELEVATES PAYLOAD WITHIN VIEW O F  ACD 
AND PAYLOAO BAY TV  CAMERAS 
ACTIVATION QC SELECTED SU8SYSTCMI V I A  OROUND 
L I N K  (COMM V I A  SATELLITE)  

MMUIWRU RELEASKI  I A T E L L I T E  I N  NOMINALLY  
PREFERRED ATTITUDE A T -  I CTISCC VCLOCtTY 
b A T L L L l T 8  ACTIVATION O I  RCS A T  > P O 0  CT 

BACKUP FOR APCENDAOE HANOUP 

FIRST MMUIWRU MAINTAINBSTAblLITY/POSITION 
O F  SATCLLITE 
SECOND M M U  WlTH  STABIL lZCR DEPLOYED ?OR 
M A N U A L  ASSIST 

R2 NOMINAL REVISIT SEQUENCE - RMS INOPERATIVE - DIRECT DELIVERY PAYLOAD CLASS - 
MMS-TYPE SATELLITES - T lLT  TABLE USAGE 



Rev is i t  
R2 Naninal Rev is i t  Sequence, RMS Inoperat ive 

MTV Deplpmnt/Payload Examinat ion; Ret r ieva l /Serv ic i  ng; Payload Redeploynent 

HUJ/WRu OCP/Work Sta t ion  Task l ime (Min.1 
1. Leave A i r  Lock 1 
2. Translate To Tool Storage 1 
3. Obtain Equlpment 5 
4. Translate To IW Lock I n t o  Mu 2 
5. Translate To WRU Lock I n t o  WRU 1 
6. Translate HMU/IJRU To MTV Stowage Area 14 
7. Attach W/WRU To MTV 2 
8. Trans1 a te  KTV To Dcploynent Area 14 
9. Release MTV From W/WRU 2 

10. Standby 15* 
11. MTV Docking With MMU/WRU 2 
12. Translate W/WRU To MTV Stowage Area 14 
13. Stow MTV 5 
14. Detach MMU/WRU From MTV 2 
15. Translate S a t e l l i t e  Close To Orb i te r  (15)** 
16. MIIU/WRU Docking With S a t e l l i t e  Leave A i r  Lock 2/ 1 
17. Retract Sate1 1 i t e  Appendages Translate To Tool Storage 10/ 1 
18. Deactivate Sate1 1 i t e  ACS Obtain Equi p e n t  -/5 ? 19. S a t e l l i t e  Berthing To T i l t  Table Trans1 a te  To OCP/Work Sta t ion  5/ 1 

g 20. Ve r i f y  Unb i l i ca l  Connections Lock I n t o  OCP 2/ 1 
21. Transfer S a t e l l i t e  To Orb i te r  Power Translate To S a t e l l i t e  Maintenance Pos i t ion  2/ 2 
22. Transport Servic ing Equipment As Required Implement Sate1 1 i t a  Servicing Functions 45*** 
23. Translate MMU/WRU To Sate1 1 i t e  Translate To OCP Storage Pos i t ion  -/2 
24. Attach MMU/WRU To S a t e l l i t e  Unlock From OCP 2/ 1 
25. Transfer S a t e l l i t e  To Internal  Power Standby 2/ - 
26. Detach Mil i c a l  Connections 2 
27. Release S a t e l l i t e  From T i l t  Table 2 
28. Translate S a t e l l i t e  To Deployment Area 14 
29. Deploy Sate1 1 i t e  Appendages 10 
30. Final  Sate1 1 i t c  Status/Heal t h  Checks 10 
31. Release S a t e l l i t e  From MMU/WRU Translate To Tool Storage 2/ 1 
32. Translate MMU/WRU TO PLB AESA Return Equl p e n t  14/5 
33. Unlock Fran MMU/WRU Translate To MMU/WRU 1/ 1 
34. Configure MMU And WRU For Re-entry Obtain Equipment 
35. 

34/5 
Translate To Tool Storage -/ 1 

36. Return Equi pnent - /5  
37. Translate To A i r  Lock Translate To Air Lock 1/ 1 
38. Enter A i r  Lock Enter A i r  Lock 1/1 

* Time L ine Approximates 15 Minutes Depending Upon Sate1 l i t e  Distance From Orb i ter  
**  Not Included I n  Cumulative Time Since S a t e l l i t e  Translat ion W i l l  Occur During Stowage O f  MTV 

*** May Be Increased (As Required) Within EM EVA L imi ta t ions (400 Minutes) 

CUR. Time (Min.) 
1 
2 
7 
9 
10 
24 
26 
40 
42 



Rev is i t  
R2 Nominal Rev is i t  Sequence, RMS Inoperative 

Backup For TI1 t Table Hangup 

MMUIWRL, OCPIWork Sta t ion  Task Time (Mln.1 
1. Leave A i r  Lock 1 
2. Translate To Tool Storage 1 
3. Obtain Equipment 5 
4. Trans1 a te  To M U  Lock I n t o  WJ 2 
5. Translate To WRU Lock I n t o  URU Leave A i r  Lock 111 
6. Translate MMUIWRU To MTV Stowage Area Translate To Tool Storage 14/1 
7. A L ~  jch MMUIWRU To MTV Obtain Equipment 2/ 5 
8. Translate MTV To Deployment Area Translate To Ti1 t Table 14/ 1 
9. Release MTV From MMU/WRU Repair T i l t  Table Malfunction 2/ 10 

10. Standby 15* 
11. MTV Docking With b(MU/WRU 2 
12. Translate MWU/WRU To MTV Stowage Area 14 
13. Stow MTV 5 
14. Detach MMU/WRU From MTV 2 
15. Translate S a t e l l i t e  Close To Orb i te r  (15)** 
16. MMU/WRU Docking With S a t e l l i t e  2 
17. Retract Sate1 l i t e  Appendages 10 
18. Deactivate Sate1 1 i t e  ACS - 
19. S a t e l l l t e  Berthing To T i l t  Table I Trans1 ate To OCPIWork Stat ion 5 / l  

r 20. Ve r i f y  mil i c a l  Connections Lock I n t o  OCP 2/ 1 * 21. Transfer Sate1 li t e  To Orbi t e r  Power Translate To S a t e l l i t e  Maintenance Pos i t lon  2/2 
22. Transfer Servic ing Equipment As Required Implement Sate11 i t e  Servicing Funciions 45*** 
23. Translate MMU/WRU To Sate11 i t e  Translate To OCP Storage Pos i t ion  -/2 
24. A t t a c h M M U I M I U T o S a t e l l i t e  Unlock From OCP 2/ 1 
25. Transfer S a t e l l i t e  To In terna l  Power Standby 2/ - 
26. Detach Unbll ical Connections 2 
27. Release S a t e l l i t e  From T i l t  Table 2 
28. Translate S a t e l l i t e  To Deployment Area 14 
29. Deploy Sate1 1 i t e  Appendages 10 
30. Final  S a t e l l i t e  Statur lHeal th Checks 10 
31. Release S a t e l l i t e  From MHUIWRU Translate To Tool Storage 
32. Trans1 a te  MMU/WRU To PLB AESA Return Equi p e n t  

21 1 
14/5 

23. Unlock From MMUIWRU Trans1 ate To MMUIWRU 
34. Configure MMU And WRU For Re-entry 

1/1 
Obtain Equipment 34/5 

35. Translate To Tool Storage - /1  
36. Return Equipnent -15 
37. Translate To A i r  Lock Translate To A i r  Lock 
38. Enter A i r  Lock 

1/1 
Enter A i r  Lock . 1/1 

* Time Line Approximtes 15 Minutes Depending Upon S a t e l l i t e  Distance From Orb i ter  

** Not lncluded I n  C ~ a u l a t i v e  Time Since S a t e l l i  Trdnslat ion W i l l  Occur During Stowage Of MTV 
*** May Be Increased ;MS Required) Within EMU EVA L imi ta t ions (400 Minutes) 



OCP/Work Stat ion 

Rev is i t  
R2 Nominal Rev is i t  Sequence, RMS Inoperat ive 

Backup For Appendage Hangup 

MMu/wRu 
1. Leave A i r  Lock 
2. r rans late To Tool Storage 
3. Obtain Equipment 
4. Translate To m0 Lock l n t o  WN 
5. Translate To URU Lock I n t o  URU 
6. Translate HMU/WRU To MTV Stowage Area 
7. Attach MMU/WRU To MTV 
8. Translate MTV To Deployment Area 
9. Release MTV Fran MMU/WRU 

10. Standby 
11. MTV Docking With MMU/WRU 
12. Transl a te  MMU/WRU To MTV Stowage Area 
13. Stow MTV 
14. Detach MMU/WRU From MTV 
15. Translate S a t e l l i t e  Close To Orbi ter  
16. MFII/WRU Docking With S a t e l l i t e  Leave A i r  Lock 
17. Retract Satel 1 l t e  Appendages Translate To Tool Storage 
18. Deactivate S a t e l l i t e  ACS Obtain Equipment 
19. S a t e l l i t e  Berthing To T i l t  Table Translate To OCP Work Stat ion 

I 20. Ver i f y  mil i c a l  Connections Lock I n t o  OCP 
C, 21. Transfer Sate l l  i t e  To Orbi ter  Power 
en Transfer To Sate l l  i t e  Yatntenance Posi t ion , 22. Transport Servicing Equipment As Required Implement S a t e l l i t e  Servicing Functions 
P 23. Translate MMU/URU To S a t e l l i t e  Translate To OCP Storage Pos i t i on  
I 
)-r 

24. Attach MMU/WRU To S a t e l l i t e  Unlock From OCP 
Q, 25. Transfer S a t e l l i t e  To In ternal  Power Standby 

26. Detach M b i l  i c a l  Connections 
27. Release Sate l l  i t e  From T i l t  Table 
28. Translate Satel l i t e  To Deployment Prea 
29. Deploy S a t e l l i t e  Appendages 
30. Standby Translate To MMll Lack I n t o  WN 
31. Translate l o  URU Lock I n t o  MlU 
32. Translate MMU/WRU To Appendage 
33. Repair Appendage Malfunction 
34. Trans1 ate Away From Sate1 1 i t e  
33. Final S a t e l l i t e  Status/Health Checks Standby 
36. Release S a t e l l i t e  From MMU/WRU 
37. Translate W / W U  To PLB USA Translate MHU/WRU To PLB AESA 
38. Unlock Frcm HMU/WRU Unlock From MHU/WRU 
39. Configure W And WRU For Re-entry Configure MMI And WRU For Re-entry 
40. Translate To Tool Storage Translate To Tool Storage 
41. Return Equipnent Return Equipment 
42. Translate To A i r  Lock Translate To A i r  Lock 
43. Enter A i r  Lock Enter A l r  Lock 

Time Line Approximates 15 Minutes Depending Upon Sate l l  i t e  Distance From Orbi ter  
** Not Included I n  Cumulative Time Since S a t e l l i t e  Translat ion W i l l  Occur During Stowage O f  MTV 

*** May Be Increased (As Requlred) Within EMU EVA Limi ta t ions (400 Minutes) 

Task Timn (Min.) 



MTV DEPLOYMLNT/PAYLOAD EXAMINATION 

ORBITER RENDEZVOUS WlTH SATELLITE TO WITHIN 
1000 FT SEPARATION DISTANCE 

MTV IS DEPLOYED BY MMU/WRU (WITH RMS 
END-EFFECTOR) TO EXAMINE SATELLITE 

ORBITCRIMTV RENDEZVOUS 
MTV RETRIEVED BY MMU/WRU AND STOWED I N  PAYLOAD 

BAY 

SATELLITE SAFING, PROPELLANT VENTING. PREPARATIONS SATELLITE APPENDAGES RETRACTED 
F'O? RENDEZVOUS DEACTIVATE SATELLITE BY GROUND COMMAND 
SATELLITE ACS IS ACTIVE TO MAINTAIN STABILITY 

* ORBITER RENDEZVOUS WITH SATELLITE TO WITHIN VIEW 
OF APDfPAYLOAD BAY TV CAMERAS, SATELLITE 
EXAMINED VIA MMUfWRU OR VISUAL CREW 
OBSERVATION 
MMUfWRU (WITH RMS END-EFFECTOR) ATTACHES TO 
SATELLITE 



SATELLITE BERTHED TO HPA AND UMBILICAL CONNECTIONS CHECKOUT STATUSfHEALTH VIA UMBILICAL I N  HPA 
VERIFIED (COMM V IA  SATELLITE) 
TRANSFER SATELLITE TO ORBITER POWER TO MAINTAIN  IMPLEMENT SERVICING f UNCTIONS VIA HPA 
THERMAL CONTROL EXAMIIJE, REPAIR, MAINTENANCE, RESUPPLY, RKCONPtGURE 

TRANSPORT PACKAGES TO WORK 8TATION V IA  MMUIWIPU 
WlTH PAYLOAD H l N D L l N O  CAPABILITY 
CWECKOUT/VERIFY STATUS O F  ON-ORBIT SERVICES 
PERFORMED (COMM V IA  SATELLITE) 
ACTIVATION OF SELECTED SUBSYSTEMS VIA GROUND L INK  

PAYLOAD REDEPLOYMENT 

SATELLITE APPENDAGES DEPLOYED BY GROUND COMMAND HPA RELEASES SATELLITE AT 'C 1 FT/SEC VELOCITY 
AND VERI f IED  B Y  ORBITER CREW SATELLITE ACT1VATlON OF RCS AT > ZOO F T  SEPARATION 
STATE VECTOR TRANSFER 
TRANSFER SATELLITE TO INTERNAL POWER 
P!NAL STATUS/HEALTH CHECK PRIOR TO DEPLOYMENT 
(COMM VIA SATELLITE) 

BACKUP FOR APPENDAOE HANOUP 

MMUIWRU WlTH STABILIZER DEPLOYED FOR MANUAL RELEASE WORK STATION ON HPA IS UTILIZED 
OR 

EVA VIA HANDRAILS EMPLOYED 

R4 ALTERNATE NO. 1 REVISIT SEQUENCE - RMS INOPERATIVE -DIRECT DELIVERY PAYLOAD CLASS - 
MMS-TYPE SATELLITES - HPA USAGE 
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R4 A1 ternate No. 1 Rev is i t  Sequence, RHS Inoperative 

Backup For Appendage Hangup_ 

mU/WRU 

1. Leave A i r  Lock 
2. Translate To Tool Storage 
3. Obtain Equipnent 
4. Translate To W4J Lock In to  mU 
5. Translate To WRU Lock In to  WRU 
6. Translate PMU/URU To MTV Stowage Area 
7. Attach PMU/WRU To MTV 
8. Translate MTV To Deployment Area 
9. Release MTV From FWU/WRU 

10. Standby 
11. MTV Docking With bWU/WRU 
12. Transl ate PMUIURU To MTV f owage Area 
13. Stow MTV 
14. Oetach MMU/WRU From MTV 
15. Translate Sa te l l i t e  Close To Orbi ter  
16. PMUIWRUOockingWithSatellite Leave A i r  Lock 

& 17. Retract Sa te l l i t e  Appendages Translate To Tool Storage 
r 18. Oeactlvate Sa te l l i t e  ACS Obtain Equipnent > 19. Sa te l l i t e  Berthing To HPA Translate To OCP/Uork Statlon 

20. Ver i fy URbilical Connections Lock 'nto OCP 
21. Transfer S a t e l l i t e  To Orbiter Power Trans1 ate To Satel l  i t e  Maintenance Posit ion 
22. Transport Sewiclng Equipment As Required Imp1 ement Sa te l l i t e  Servicing Functions 
23. Standby (Transfer Sa te l l i t e  To Internal P0wet-l Translate To OCP Storage Positfon 
24. (Detqch Uabil i c a l  Connections) Standby 
25. (Deploy Sate1 1 i t e  Appendages) Translate OCP To Ap ndage 
26. Repair Appeudage M c u n c  ti on 
27. Translate To OCP Storage Posl t i o n  
28. (Flnal Sate1 1 i t e  Status/Heal t h  *:becks) Unlock Fron OCP 
29. Release Sa te l l i t e  From HPA Translate To Tool Storage 
30. Translate MMUIWRU To PLB AESA Return Equipment 
31. Unlock From W/WRU Translate To WIWRU 
32. Configure MMU And WRU For Re-entry Obtain Equipment 
33. Translate To Tool Storage 
34. Return Equipment 
35. Translate To A i r  Lock Translate To A i r  Lock 
36. Enter A i r  Lock Enter A i r  Lock 

* Time Line Approximates 15 Minutes Dependirrg Upon S a t e l l i t e  Distance From Orbiter 

** Not Included I n  Cumulative Time Since S a t e l l i t e  Translation W i l l  Occur During Stowage O f  MTV 

Task Time (Min.1 

*** May Be Increased (As Required) Within EMU EVA Limitattons (400 Minutes) 



MTV DEPLOYMENT/PAYLOAD EXAMINATION 

ab 

ORBITER RENDEZVOUS WITH SATELLITE TO WITHIN - 1000 FT SEPARATION DISTANCF 
MTV IS DEPLOYED BY MMU/WRU WITH RMS END EFFECTOR 

TO EXAMINE SATELLITE 

SATELLITE SAFING. PROPELLANT VENTING. PREPARATIONS 
FOR RENDEZVOUS 
SATELLITE ACS IS ACTIVE TO MAINTAIN STABILITY 
ORBITER RENDEZVOUS WlTH SATELLITE TO WITHIN VIEW 
OF AFD/PAYLOAD BAY TV CAMERAS, SATELLITE EXAMINED 
VIA MMU/WRU OR VISUAL CREW OBSERVATION 
MMU/WRU WlTH RMS END EFFECTOR ATTACHES TO 
SATELLITE 

ORBITERfMTV RENDEZVOUS (MTV ACTIVE) 
MTV RETRIEVED BY MMU/WRU AND STOWED I N  PAYLOAD 
BAY 

SATELLITE BERTHED TO HPA 

OPTION C-> 
UMBILICAL CONNECTION VERIFIED 

* TRANSFER SATL-LLITE TO ORBITER POWER TO MAINTAIN 
THERMAL C(>NTROL 



SATELLITE APPENDAGES RETRACTED B Y  GROUND COMMAND IMPLEMENT MANUAL REMOVAL/STORAGE OF SELECTED 
AND VERIFIED B' jRBITER CREW EQUIPMENT VIA HPA WORK STATION. I F  REQlJlRED 
SATELLITE INAC AVATED 8- GROUND COMMAND AND 
CHECKED-OUT FOR HFTURW 

MMU/WRU TRANSFERS SATELLITE TO RETENTION 

STRUCTURE 
RETENTION LATCHES L&KED 

BACKUP FOR RETENTION LATCH WANCUP 

FIRST MMUIWRU MAINTAINS STABILITY/POSITICIN OF 
SATELL.ITE IN eAYLOAD BAY - SECOND MMU W I T H  STABILIZER DEPLOYED FOR MANUAL 
RELEaSE OR 

EVA VIA HANDRAILS EMPLOYED 

* UMBlLlCAL CONNECTION VERIFIED 
TRANSFER SATELLITE TO ORBITER POWER TO MAINTAIN 

THERMAL CONTROL 

BACKUP FOR APPENDAGE HANGUP 

WORK STATION ON HPA IS UTILIZED 

ER4 ALTERNATE NO. 1 EARTH RETURN SEQUENCE .- DIRECT GELIVERY PAYLOAD CLASS -COOPERATIVE 
MMS-TYPE SATELLITES - RMS INOPERATIVE - HPA USAGE 



Earth Return 

ER4 Alternate No. 1 Earth Return Sequence 

MTV Depl oyaentIPay1 oad Retrieval 

Task Time (ffln.) 

Leave Air  Lock 1 
Translate To Tool Storage 1 
Obtain Equipaent 5 
Trans1 ate To W Lock Into I)U 2 
Translate To clRU Lock ' t o  URU 1 
Translate mU/NRU To MTV Storage Area 14 
~ t t a e h  ~ U / W R U  TO HTV 2 
Translate WTW To Deplo~nent Area 14 
Release KTV F r m  mU/WRU 2 
Stand&y IS* 
HTV Docking With W / U R U  2 
Trans1 ate lW/NRU To W Storage Area 14 
stow m 5 
Detach mll/WRU Fnra HTIl 2 
Translate Sate l l i te  Close To Orbiter (IS)* 
mU/URU Docking W i t h  Sa te l l i te  2 
Berth Sate l l i te  TO HPA 5 
Standby (Veri fy 9-1 1 ite Wil ica l  Connection) 2 

(Transfer Sate l l i te  To O t t e r  Power) 2 
(Retract Sate l l i te  Appendages) 10 
(Deactivate Sate l l i te  RCS) - 

Release Sate1 1 i t e  F r a  HPA 2 
Trans1 ate Sate11 lte To Storage Area 14 
Stow Satel l i te  5 
Detach m U / M U  From Sate1 1 i te 2 
Trans1 ate md/NRU To PLB AESA 14 
b l o c k  From WUIHRU 1 
Prepare M U  And WRU For Re-entry 34 
Translate To Tool Storage 1 
Cturr Equiplent 5 
Trans1 ate To A i r  Lsck 1 
Enter A i r  Lock 1 

Cum. Time (Uln.1 

* Time Line Approximates 15 Minutes Depending Upon Sate l l i te  Distance Frcnn Orbiter 

* Not Included In  Cumulative Time Since Satel l i te  Translation W i l l  Occur During 
Stowage O f  MTV. 



Ear th  Return 

ER4 Al ternate b. 1 Earth Return Squence 

Backup For Retention Latch Hangup 

mu/ WRU MMI/WRU T&xk Time ( l i d  
-.--I 

1. Leave A i r  Lock 1 
2. Translate To Tool Storage 1 
3. B t a i n  Equipnent 5 
4. Translate To MMI Lock I n t o  W4J 2 
5 .  Translate To WRU Lock I n t o  WRU 1 
6. Translate W/WRU To MTV Storage Area 14 
7. Attach MMUIWRIJ To MTV 2 
8. Trans1 ate MTV To Deployment Area 14 
9. Release MTV F r m  W/WRU 2 

10. Standby 15* 
11. MTV Oocking With MMUIWRU 2 
12. Trans1 a te  MPRJ/WRU To MTV Storage Area 14 
13. Stow MTV 5 
14. Detach MMU/WRU From MTV 2 
15. Translate S a t e l l i t e  Close To Orb i te r  ( Is)**  
16. MMJ/WRU Oocklng With S a t e l l i t e  2 
17. Ber th  S a t e l l i t e  To HPA 5 
18. Standby (Ver i f y  S a t e l l i t e  Umbil l c a l  Connection) 2 

I 19. (Transfer S a t e l l i t e  To Orb i te r  Power) 2 
20. (Retrach Sate1 1 i t e  Appendages) 10 
21. (Deactivate Sate1 1 i t e  ACS) - 
22. Release S a t e l l i t e  From HPA 2 
23. Translate Sa te l l  1 t e  To Storage Area 14 
24. Stow S a t e l l i t e  5 
25. Standby Leave A i r  Lock -1 1 
26. Translate To Tool Storage 1 
27. Obtaln Equipment 5 
28. Translate To MMU Lock I n t o  MHU 2 
29. Translate To URU Lock In to  URU 1 
30. Trans1 a te  WIWRU To Retentlon Latch 14 
31. Manually Latch Retention Latch 10 
32. Detach HMUIWRU F r m  S a t e l l i t e  Standby 2 
33. Translate MHUIWRU To PLB AESA Translate MMUIWRU To PLR AESA 14/14 
34. Unlock F r m  MMUIURU Unlock From MMUIWRU 
35. Prepare MMU And WRU For Re-entry 

11 1 
Prepare WU And WRU For Re-entry 34 / 34 

36. Trans1 a te  To Tool Storage Translate To Tool Storage 111 
37. Return Equipment Return Equl p e n t  51 5 
38. Translate To A i r  Lock Translate To A i r  Lock 
39. Enter A i r  Lock Enter A i r  Lock 

11 1 
111 

* T i m  Line Approximates 15 Minutes Depending Upon S a t e l l i t e  Distance From Orb l ter  

** Not Included I n  Cumulative Time Since S a t e l l l t e  Translation W i l l  Occur During Stowage O f  MTV 

Cum. Tine (Min.) - 
1 
2 
7 



Earth Return 
ER4 Al ternate No. 1 Earth Return Sequence 

Backup For Appendage Hangup 

MMU/WRu 

Leave A i r  Lock 
Translate To Tool Storage 
Obtain Equipnent 
Translate To MMU Lock l n t o  W 
Translate To WRU Lock l n t o  WRU 
Transfer HMUIWRU To MTV Storage Area 
Attach MMUIWRU To MTV 
Transl a te  MTV To Deployment Area 
Release MTV From HMUIWRU 
Standby 
MTV Docking With MMUIWRU 
Translate MMIIWRU To MTV Storage Area 
Stow MTV 
Detach MMCIIWRU From MTV 
Translate Sate1 1 i t e  Close To Orb i te r  
MCUIWRU Docking With S a t e l l i t e  
Berth S a t e l l i t e  To HPA 
Standby ( V e r i f y  Sate1 1 i t e  Umbil l c a l  Connection) 

I Transfer Sate1 1 i t e  To Orb i te r  Power) 
Retract Sate1 1 i t e  Appendages) 

(Deactlvate S a t e l l i t e  ACS) 
Release Sate1 11 t e  From HPA 
Transl a te  Sate1 1 i t e  To Storage Area 
Stow S a t e l l i t e  
I k tach  MMUIWRU From S a t e l l i t e  
Translate W/WRU TO PLB AESA 

Unlock From MMUIWRU 
Prepare MMU And WRU For Re-entry 

Translate To A i r  Lock 
Enter A i r  Lock 

OCPIWork Sta t ion  

Leave A i r  Lock 
Translate To Tool Storage 
Obtain Equipment 
Translate To OCP 
Lock l r l to  OCP 
Translate OCP To Ap endage Malfunction 
Repair A p ~ e n d a ~ e  i f f u n c t i o n  
~ r a n s l  ate. OCP i o  Storage Posi t ion  
Unlock Frun OCP 
Standby 

Translate To Tool Storage 
Return Equipment 
Transl ate To MMUIWRU 
Obtai n Equl p e n t  
Rcturn Equipment 
Translate To A i r  Lock 
Enter A i r  Lock 

Task Tlme (Min.) 

1 
1 
5 
2 

Cum. Time (Min.1 -- 
1 
2 
7 
9 
10 
7 4 
26 

I 
40 

* Time Line Approximates 15 Minutes Dewnding Upon S a t e l l l t e  Dlstance From Orb i ter  

** Not Inc l l~ded I n  Cumulative Time Since Sa tc l l  i t e  Translat ion k i l l  Occur During Stowage O f  MTV 



POM-MMU/WRU DEPLOYMENT/PAYLOAD RETRIEVAL 

SATELLITE SAFING, PROPELLANT VENTING. PREPARATIONS 
FOR RENDEZVOUS 
SATELLITE ACS IS ACTIVE TO MAINTAIN STABILITY 
ORBITER RENDEZVOUS WITH SATELLITE TO WITHIN 
1000 FT SEPARATION DISTANCE 

POM-MMUIWRU RELEASED FROM RETENTION STRUCTURE/ 

UMBILICAL 
POM-MMU/WRU INITIATES CLOSURE MANEUVER TO 
EXAMINE AND RETRIEVE SATELLITE 

POM-MMU/WRU TRANSPORTS SATELLITE TO ORBITER 
WITHIN RMS REACH DISTANCE 
RMS ATTACHES TO SATELLITE AND POM (POM ACS 

PROXIMITY OPERATIONS MODULE (POM)-MMU/WRU 
ADAPTATION STOWED I N  RETENTION STRUCTURE 
(ALSA) 
STATUI/HCALTH CHECKS VIA UMBILICAL I N  RETENTION 
S7rPUCTURE (COMM VIA ORBITER 8-BAND) 
EVA CUkWMAN MOUNTS POM-MMU/WRU 
ACTIVATION/CHECKOUT OF POM-MMU/WRU 

POM-MMU/WRU DOCKS TO SATELLITE C;RACPLE FITTING 
SATELLITE APPENDAGES RETRACTED 
SATELLITE ACB DEACTIVATED 

SATELLITE BERIHED TO HPA AND UMBILICAL CONNECT~ON 
VERIFIED 
TRANSFER SATELLITE TO ORBITER POWER TO MAINTAIN 
T - .  'T ' 



POM-MMU/WRU TRANSPORTS SATELLITE TO ORBITER 
WITHIN RMS REACH DISTANCE 
RMS ATTACHES TO SATELLITE AND POM (POM ACS 

ACTIVE) 
DEACTIVATE SATELLITE BY GROUND COMMAND 
POM-MMUIWRU SEPARATES FROM SATELLITE 

SATELLITE INACTIVATED BY GROUND COMMAND AND 
CHECKED-OUT FOR RETURN 

RMS TRANSFERS SATELLITE TO RETENTION STRUCTURE 
RETENTION LATCHES LOCKED 

BACKUP FOR RETLN't lON LATCH HANOUP 

8 MMU/WRU WITH STABILIZER DEPLOYED FOR MANUAL ASSIST 

P OR 
I 

13 EVA V I A  HANDRAILS EMPLOYED 
CD . > 
1 

i5 
0 

8 SATELLITL BERTHED TO HPA AND UMBILICAL CONNECT~ON 
VERIFIED 
TRANSFER SATELLITE TO ORBITER POWER TO MAINTAIN 
THERMAL CONTROL 

8 POM-MMUIWRU STOWED I N  RETENTION STRUCTURE 
(AOSA), RETENTION LATCHES LOCKED 

IMPLEMENT MANUAL REMOVALlSTOWAGL OF SELECTED 
EQUIPMENT VIA HPA AND RMSIOCP, I F  REQUIRED 

8 UMBILICAL CONNECTION VhR lF lLD  
TRANSFER SATELLITE TO ORBITER POWER TO MAINTAIN 
THERMAL CONTROL 

BACKUP FOR APPENDAGE HANOUP 

8 WORK STATION ON HPA IS UTILIZED 
OR 

MFR/RMS DEPLOYED FOR MANUAL ASSIST 

E H 5  ALTERNATE NO. 2 EARTH RETURN SEQUENCE - OIRECT DELIVERY PAYLOAD CLASS - 
COOPERATIVE NOMINAL (MMS-TYPE) PAYLOADS - RMSIHPA USAGE - MANNED RETRIEVAL OF 
SATELLITES AT 1000 FT SEPARATION 



Earth Return 

ER5 A1 ternate No. 2 Earth Return Sequence 

POn-W/M?U Deployment/ Pay1 3ad Retrieval 

Leave A i r  Lock 
Translate To Tool Storage 
Obtain Equipment 
Transl ate To I(ICI 
Final Wn Status/Health Checks 
L a k  Into m~ 
Traltsl ate To Wn-mu 
Lock Into Wn-URU 
Transl ate Manned POn To Sate1 1 i t e  
POI4 Docking With Sate1 1 i t e  
(Retract Sate1 1 i t e  Appendages) 
(Deactivate Sate1 1 i t e  ACS) 
Transl ate Sate1 1 i t e  Close To Orbiter 
Attach RRS To Sa te l l i t e  
Detach POW F r o  Sate1 1 i t e  
(Sate1 1 i t e  Berthed To HPA) 
(Transfer Sa te l l i t e  To Orbiter Power) 
(Sate l l i te  Inactivated By Ground Camand) 
(RIIS Transl ate$ Sate1 1 i t e  To Storage Area) 
Translate P a C W /  To PLB AESA 
Unlock F m  WKW Translate To lWlLRSS 
Unlock F r o  IIU/IIRU 
Prepare POM-~lWU For Re-entry 
Translate To Tool Storage 
Return Equipent 
Transl ate To A i r  Lock 
Enter A i r  Lock 

Task Time (Ih'n.) 

1 
1 
5 
1 
5 
2 
2 
2 
lS* 
2 
10 - 
IS* 
2 
2 
5 
2 
2 
5 
14 
5 
1 
34 
1 
5 
1 
1 

Cm. Time (Hin.1 

1 
2 
7 
8 
13 
15 
17 
19 
34 
36 
46 - 
61 
63 
65 
70 
72 
74 
79 
93 
98 
99 
133 
134 
139 
140 
141 

Time Line Approximates 15 Minutes Depending Upon Sate l l i te  Distance Fran Orbiter 



ER5 Alternate no. 2 Earth Return Sequence 

Backup For Retention Latch Hangup 

Leave A i r  Lock 
Transl ate To Tool Storage 
Obtain Equi psent 
Translate To NPal 
Final #m Status/Health Checks 
Lock Into rn 
Translate To POKW 
Lock Into POn-YRU 
Transl ate Manned POn To Sate1 1 i t e  
POn Docking Uith Satel l i te 
(Retract Sate1 1 i t e  Appendages) 
(Deactivate Sate1 1 i t e  ACS) 
Transl ate Satel 1 i t e  Close To Orbiter 
Attach RMS To Sate1 1 i t e  
Detach POn F rm Sate1 1 i t e  
(Sate1 1 i t e  Berthed To HPA) 

I Transfer Satel l i te To Orbiter Power) 
Satel l i te Inactivated By Ground Coaraand) 

(RRS Translates To Storage Area) 
(RWS Stows Satell ite) 
Translate To Retention Latch 
Manually Latch Retention Latch 
Transl ate POn-HIlLIRU To PLB AESA 
Unlock Fro l  W I U R U  
Prepare POKW And M U  For Re-entry 
Translate To Tool Storage 
Return Equipent 
Transl ate To A i r  Lock 
Enter A i r  Lock 

Task Time (I4in.l Cm. Time (ffln.1 

1 
2 
7 
8 
13 
15 
17 
19 
34 
36 
46 - 
61 
63 
65 
m 
72 
74 
79 
84 
98 
108 
122 
123 
157 
158 
163 
164 
165 

* Time Line Approximates 15 Minutes Depending Upon Satel l i te Distance From Orbiter 



Earth Return 

ER5 Alternate No. 2 Earth Return Sequence 

Backup For Appendage Hangup 

Leave A i r  Lock 
Translate To Tool Storage 
abtai n Equi pnent 
Translate To WI 
Final POI4 Status/Health Checks 
Lock In to  
Transl ate To POn- URU 
Lock Into POH-MU 
Translate Nanned Wn To Satel 1 i t e  
PlWl Docking With Sa te l l i t e  
(Retract Sate1 1 i t e  Appendages) 
(Deactivate Sate1 l i t e  ACS) 
Translate Sa te l l i t e  Close To Orbiter 
Attach RHS To Sa te l l i t e  
Detach POI4 From Sate l l i t e  

I Sate l l i t e  Berthed To HPA) 
Transfer Sate1 1 i t e  To Orbiter Power) 

Translate POn-W/WRU To PLB AESA 
Unlock Fmn MU/URU 
Translate To OCP/Work Station 
Lock In to  OCP 
Trans1 ate OCP To :,;?oedag? 
Re pal r Appendage Ma1 f unct ion 
Translate OCP To Storage Poslt ion 

I Sate l l i t e  Inactivated By Ground Caaaand) 
RHS Translates Sa te l l i t e  To Stowage Area) 

(RMS Stows Sate l l i te)  
Unlock F m  OCP 
Translate To PLB AESA 
Prepare POKMU/YRU For Re-entry 
Transl ate To Tool Storage 
Return Equipnent 
Translate To A i r  Lock 
Enter A i r  Lock 

Task Time (Min_,l 

1 
1 
5 
1 
5 
2 
2 
2 
15. 
2 
10 - 
:5* 
2 
2 
5 
2 
14 
1 
1 
1 
2 
10 
2 

I:]:: 
(5)- 
1 
1 
34 
1 
5 
1 
1 

Cun. Time (nin. 

1 

Time Line Approxi~nate~ 15 hinutes Depending Upon Sate1 1 i t e  Distance F r m  Orbiter 

+* Rot Included In Cmulative Time Since Operation W i l l  Occur Slmultaneo~~sly Wlth 
EVA k t i v i t i e s  



MANNED.POM DEPLOYMENTIPAYLOAD RETRIEVAL 

SATELLITE SACING. PROPELLANT VENTING. PREPARATIONS 

FOR RENDEZVOUS . SATELLITE ACS IS  ACTIVE TO MAINTAIN STABILITY 
ORBITER RENDEZVOUS WITH SATELLITE TO 1006 PT 
SEPARATION DISTANCE 

PROXIMITY OPERATIONS MODULE (POM). MANNED 
VERSION. STOWED I N  RETENTION STRUCTURE 
STATUSlHEALTH CHECKS VIA UMBIL ILAL  I N  RETENTION 

STRUCTURE (COMM VIA  ORBITER I - B A N D )  
EVA CREWMAN MOUNTS POM-MANNED VERSION 
RMS ATTACHES TO POM MANNED VCRBlOX 

. POM RELEASED FROM RETENTION STRUCTURC/UMBILICAL 
RMS BERTHS POM TO HPA AND UMBILICALS VERIFIED 
TRANSFER POM TO ORBITER POWER TO MAINTAIN 
THERMAL CONTROL 

ACTIVA.  ION OP POM SUBMYITEMS VIA ORBITER 

COMMAND (COMM VIA  ORBITER) 
POM APPENDAGES DEPLOYED BY ORBITER 
COMMAND AND VERlClEO BY ORBITER CREW 
F INAL STATUS/HEALTH CHECKS PRIOR TO DEPLOYMENT 
(COMM VIA  ORBITER) 

TRANSFER POM TO INTERNAL POWER 
HPA RELEASES MANNED POM TO EXAMINE AND RETRIEVE 

SATELLITE 
POM INITIATES CLOSURE MANEUVER 

MANNED POM TRANSPORTS SATELLITE TO ORBITER 
IT, - , , T - '& 

POM DOCKS TO I A T ~ L L l 7 8  ntt(Y. 
SATELLITE A m W D A W  m m A m O  
SATELLITE ACS I N A C T I V I T E B  

SATELLITE BERTHED TO HPA AND UMBILICAL CONNECTIONS 

v m l r l  



, ,  . . i . ,  " , C  

\ I~~ 

SATELL ITE  BERTHED TO HPA &WD U M B I L I C A L  CONNECTIONS 
V c R l r l c o  

* TRANSFER SATELL ITE  T O  ORBITER POWER TO M A I N T A I N  
T H E R M A L  CONTROL 

MANNED POM TRANSPORTS SATELL ITE  TO ORBlTER 
WITHIN RMS REACU DISTANCE 
RMS ATTACHES T O  SATELL ITE  (POM ACS ACTIVE)  . DCACTIVE SATELL ITE  BY GROUND COMMAND 
POM SEPARATES PROM SATELLITE 

RMS ATTACHES T O  MANNED POM AND ELEVATED WITHIN 
VIEW O F  AFDIPAYLOAD BAY TV CAMERAS 
POM APPENDAGES RETRACTED 
POM INACTIVATED.  CHECKED OUT POW STOWAGF AND RETURN 

POM STOWED I N  R E T C N f  I O N  STRUCTURE, RETENTION 
LATCHES LOCKED 

SATELL ITE  STOWAGE - 
e SATELL IT6  I N A C T l V A T E D  B Y  GROUND COMMANLJ A N D  

CHECKED-OUT FOA RETURN 

IMPLEMENT M A N U A L  REMOVALISTOWAGE OF SELECTED 
EQUIPMENT V I A  WCA A N D  RMSIOCP I F  RLQUIRCD 

. RMS TRANSFERS SATELL ITE  TC PIDA 
PIOA LOWERS SATELL ITE  I N  RI;Tb'NTION STRUCTURE 
RETENTION LATCHES LOCKED 

BACKUP FOR RETENTION L A T C H  HANOUP 

UMBIL ICAL  CONNECTION VERIF IED 
TRANSFER SATELLITE TO ORBITER POWER T O  M A I N T A I N  
THERMAL CONTROL 

BACKUP FOR APPENDAGE HANGUP 

MCRIRMS DEPLOYED F O R  M A N U A L  ASSIST 
OR 

E V A  V IA  H I N D R A I L S  EMPLOVED 

MMUIWRU WITH ST O lL lZEH DEPLOVED FOR M A N U A L  
ASIIlST 

ERG ALTERNATE NO. 2 EARTH RETURN SEQUENCE - DIRECT DELIVERY PAYLOAD CLASS -COOPERATIVE 
LARGE SATECLIT!r'S - RMS/HPA USAGE - MANNED RETRIEVAL OF SATELLITES AT 1000 FT. SEPARATION 



Earth Return 

ER6 Alternate No. 2 Earth Return Sequence 

Uanned POn De~loymentIPayload Retrieval 

Leave A i r  Lock 
Translate To Tool Storage 
Obtain Equipacnt 
Transl ate To On 
Final Pot4 StatusIHeal t h  Checks 
Lock Into POn 
RUS Attaches To POW 
Release POM From Retention Structure Unbil ical 
RHS Berths PO# To HPA 
Transfer POI4 To Orbiter Power 
Activate POn Subsystems 
Deploy Pa4 Apendages 
Final POn Status/Health Checks 
Transfer POM To Internal Power 
HPA Release O f  Hanned POn 
Transl ate Wnned POn To Sate1 1 i t e  
POn Docking k i t h  Sate l l i te  
(Retract Satel 1 i t e  Appendages) 
(Deactivate Sate1 1 i t e  ACS) 
Transl ate Sate1 1 i t e  C l  ore To Orbi t e r  
Attach RUS To Sate l l i te  
Separate POW From Sate l l i te  
Standby (Sate1 1 i t e  Berthed To HPA) 
Attach RMS To WM 
Retract POM Appendages 
Inactivate POI4 Subsystems 
Final POn Stowage Status/Health Check5 
Translate POn To Storage Position 
stow Pow 
(Detach RUS From POW) 
Unlock From PO# 
Standby 
(RMS Attaches To Satel l i te)  
(RNS Transfers Sate l l i te  To PIDA) 

I PIOA Lowers Sate1 1 i te  Into Structure) 
Retention Latches Locked) 

Translate To Tool Storage 
Return Equi pnent 
Translate To A i r  Lock 
Enter A i r  Lock 

Task Time (Uin.1 Cun. Time (Min.1 

Time l i n e  Approximates 15 Minutes Depending Upon Sate1 1 i t e  Di stance From Orbiter 



Earth Return 

ER6 Al ternate No. 2 Earth Return Sequence 

Backup For Retention Latch Hangue 

Task Time (Min.1 

Leave A i r  Lock 1 
Trans1 ate To Tool Storage 1 
Obtain Equipment 5 
Translate To POM 1 
Final POM Status!Heal t h  Checks 5 
Lock I n t o  PO# 2 
RHS Attaches To POM 2 
Release POI, From Retention Structure i lmbi l ical  2 
RMS B e r t h  POM To HPA 5 
Transfer POH To Orb i te r  Power 2 
Act ivate POW Subsystems 2 
Dep! oy POH Appendages 10 
Final  POM StatusIHeal t h  Checks 5 
Transfer POM To In terna l  Power 2 
HPA Re1 ease O f  Manned POM 2 
Trans1 a te  Manned POM To S a t e l l i t e  15* 
POM Docking With S a t e l l i t e  2 
(Retract Sate1 1 i t e  Appendages) 10 
(Deactivate Sate1 1 i t e  ACS) - 
Trans1 ate Sate1 1 i t e  Close To Orb i te r  15* 
Attach RMS Ta S a t e l l i t e  2 
Separate POM From Sate1 1 i t e  2 
Standby ( S a t e l l i t e  Berthed To HPA) 5 
Attach RMS To POM 2 
Retract POM Appendages 10 
Inac t iva te  POM Subsystems 2 
Final  POn Stowage StatusIHealth Checks 5 
Trans1 ate POM To Storage Pos i t ion  5 
Stow POM 5 
(Detach RMS From POM) 2 
Unlock From POM 1 
Standby 
(RMS A t t a c k .  To S a t e l l i t e )  2 
(RMS Transfers Sate1 1 i t e  To PIDA) 5 
(PIDA ~owers  Sate1 1 i t e  I n t o  Structure) 5 
(Retention Latch Problem Iden t i f i ed )  - 
Trans1 ate To MFR/RMS 1 
Attzch MFR I n t o  RMS End Ef fec tor  .5 
Lock I n t o  MFR .5 
Translate RMS To Retention Latch 1.5** 
Manual l y  Latch Retention Latch 10 
Trans1 ate kMS To Storage Pos i t ion  1.5** 
Unlock From MFR .5 
Detach MFR From RMS End Ef fec tor  .5 
Translate To Tool Storage 1 
Return Equi pnent 5 
Translate To A i r  Lock 1 
Enter A i r  Lock 1 

Cum. Time (Min.1 

1 
2 
7 
8 
13 
15 
17 
19 
24 
26 
28 
38 
43 
45 
47 
62 
64 
74 - 
89 
91 
93 
98 
100 
110 
112 
117 
122 
127 
129 
130 

132 
137 
142 - 
143 
143.5 
144 
145.5 
155.5 
157 
157.5 
158 
159 
164 
165 
166 

Time Line Approximates 15 Minutes Depending Upon Sate1 1 i t e  Distance Frcm Orbi ter  

** l ime Line Approximates 1.5 Minutes With Compu-er Control O f  RMS 



Earth Return 

ER6 A1 ternate No. 2 Earth Return Sequence 

Backup For Appendage Hangup 

POM - 
Leave A i r  Lock 
Translate To Tool Storage 
Obtain Fquipnent 
T rms la te  To POM 
Final POM Status/Health Checks 
Lock l n t o  POM 
RMS Attaches To POM 
Release POM From Retention Structure Unbi l  i c a l  
FMS Berths POM To HPA 
Transfer POM To Orb i te r  Power 
Act ivate POM Subsystems 
Deploy POM Appendages 
Final POM Status/Heai t h  Checks 
Transfer' POM To Internal  Power 
HPA Release O f  Manned POM 
Translate Manned POM To S a t e l l i t e  
WM Docking With Sate l l  ; t e  
Retract S a t e l l i t e  Appendages 
Deactivate S a t e l l i t e  ACS 
Trans1 ate Sate1 1 i t e  Close To Orbi t e r  
Attach RMS To S a t e l l i t e  
Separate POM From S a t e l l i t e  
(Sate1 1 i t e  Berthed To HPA) 
Attach RMS To POM 
Retract POM Appendages 

- ~ 

31. 
32. Inac t i va te  POM Subsystems 
33. Final POM Stowage Status/Health Checks 
34. Translate POM To Storage Pos i t i on  
35. Stow POM 
36. (Detach kMS Fran POM) 
37. Unlock Fran POM 
38. standby 
39. (RMS Attaches To S a t e l l i t e )  
40. (RMS Transfers Satel 1 i t e  To PIDA) 
41. (PIDA Lowers S a t e l l i t e  l n t o  Structure) 
42. (Retention Latches Locked) 
43. Translate To Tool Storage 
44. Return Equipment 
45. Translate To A i r  Lock 
46. Enter A i r  Lock 

Leave A i r  Lock 
Translate To Tool Storage 
Obtain Equipment 
Translate To FBU Lock l n t o  M U  
Translate To URU Lock ln to  URU 
Translate To POM Appendage 
Repair POI4 Appendage 
Standby 

Translate MMU/WRU To PLB AESA 
Unlock From -''WRU 
Configure M . J WRU For Re-entry 
Translate To tool Storage 
Return Equipment 
Translate To A l r  Lock 
Enter A i r  Lock 

Time Line Approximates 15 Minutes Depending Upon S a t e l l i t e  Distance From Orbi ter  



POM-MTV DEPLOYMENTlPAY LOAD RETRIEVAL 

a3 

SATELLITE SAFING. PROPELLANT VENTING. PREPARATIONS 

FOR RENDEZVOUS 
SATELLITE ACS IS ACTIVE TO MAINTAIN STABILITY 
ORBITER RENDEZVOUS WITH SATELLITE TO I000 FT 
SEPARATION DISTANCE 

POM-MTV RELEASED FROM RETENTION STRUCTURE/ 
UMBILICAL 
MMUIWRU BERTHS POM-MTV TO HPA AND UMBILICAL 
VERIFIED 

c TRANSFER POM-MTV TO ORBITER POWER TO MAINTAIN 
THERMAL CONTROL 

-- - 

TRANSFEI? POM-MTV TO INTERNAL POWER 
HPA RELEASES POM-MTV AT 1 FT/SEC 
VELOCITY TO EXAMINE AND RETRIEVE SATELLITE 
(MMU!WRU MANNED POM DEPLOYMENT IS ALTERNATE) 

PROXIMITY OPERATIONS MODULE - MTV ADAPTATION 
(POM-MTV) STOWED I N  RETENTION STRUCTURE 
STATUSjHEALTH CHECKS VIA UMBILICAL I N  RETENTION 
STRUCTURE (COMM VIA ORBITER S-RAND) 
MMU/WRU WITH RMS END-EFFECTOR ATTACHES TO 

POM-MTV 

- 
ACTIVA'TION OF  SELECTED POM-MTV SUBSYSTEMS VIA 
GROUND LINK !COMM VIA "OM-MTV) 
POM-MTV APPLNDAGES DEPLOYED BY GROUND COMMAND 
AND VERIFIED BY ORBITER CREW 
F INAL  STATUS/HEALTH CHECKS PRIOR TO DEPLOYMENT 
~COMM VIA POM-MTV) 

POM-MTV DOCKS TO SATELLITE GR4PPLE FITTING 
SATELLITE APPENDAGES RETRACTED 
SATELLITE ACS INACTIVATED 

POM-MTV TRANS!'ORTS SATELLITE TO ORBITER WITHIN 

VIEW OC AFD/PA'.'LOAD BAY TV CAMERAS 
MrdU/WRU ATTACHES TO SATELLITE (POM ACS ACTIVE) 
DEACTIVATE SATELLITE BY GROUIJD COMMAND 

P ? "  .- . . 

SATELLITE BERTrlED TO HPA A N 3  b.M@lLICAL CONNECTIONS 
VERIFIED 
TRANSFER SATELLITE TO ORBITER POWER -0 MAINTAIN  

THCRMaL CONTROL 
ACTIVATC 0K;tlTER'S ~ONCONTAMlHATlNG 4CS PACKA61 

, . .-- 
' 9  ' 1 , .- .. . I I _. . . 



- - 

POM-MTV TRANSPORTS S A T E L L I T E  T O  O R B I T E R  W I T H I N  
V l E W  O F  A F D I P A Y L O A D  B A Y  T V  C A M E R 9 S  
MMUJWRU ATTACHES T O  S A T E L L I T E  (POM A C 5  A C T I V E )  
D E A C T I V A T E  S A T E L L I T E  B Y  G R O U N D  C O M M A N D  

MMU,'WRV A T T 9 C H E S  T O  POM-MTV.  RELEAS'ZS F R O M  
S A T E L L I T E  A N D  E L E V A T E S  W I T H I N  V lEW O F  A F D / P A Y L O A D  
B A Y  T V  C A M E R A S  
POM-MTV APPENDAGES R E T R A C T E D  
POM-MTV I N A C T I V A T E D .  CHECKED O U T  F O R  STOWAGE A N D  
R E T U R N  

S A T E L L I T E  STOWAGE 

S A T E L L I T E  I N A C T I V A T E D  B Y  G R O U N D  COMv.AND A N D  
CHECKED-OUT FOR R E T U R N  

- .  
SATr7L.LITC B E R T H E D  T O  HPA A N D  U M B I L I C A L  CONNZCTIONS 
v e  ~ I F I C D  
T R A N S F E R  S A T E L L I T E  TO ORBITER POWER T O  M A l P  r A l N  
T H E R M A L  C O N T R O L  
A C T I V A T E  O R B I T E R ' S  N O N - C O N T A M I N A T I N G  P S P A C K A G E  
O R  P L A C E  0Rb ITC;R  ILJ FREE D R I F T  

POM-MTV STOWED I N  R E T E N T I O N  STRUCTURE.  R E T E N T I O N  
L A T C H E S  L O C K E D  

OPTION a 
I 

IMPLEMENT M A N U A L  R E M O V A L / S T O W A G E  O F  SELECTED 
LQUIPMPNTS V I A  HPA,  I F  R E Q U I R T D  

OPTION 

R E T E N T I O N  L A T C H E S  L O C K E D  

L$' . MMU/WRU TRANSVERB S A T E L L I T E  T O  R E T E N T I O N  7TRUCTUWE U M B I L I C A L  CONNECTION V E R I F I E D  
T R A N S F E R  S A T E L L I T E  T O  ORBITER POWER T O  M I . I N T A I N  
T H E R M A L  C O N T R O L  

B A C K U P  F O R  R E T E N T I O N  L A T C H  H A N G U P  B A C K U P  FOR APPENDAGE H A N G U P  

WORK S T A T I O N  O N  WPA I S  U T I L I Z E D  
S A T E L L I T E  I N  P A Y L O A D  B A Y  O R  
SECOND M M U  W I T H  S T A B I L I Z E R  DEPLOYED FOR M A I J U A L  M M U  W I T H  S'f'ABILIZER D E P L O Y E D  FOR M A N U A L  R E L L A L E  
RELEASE 

O R  
E V A  V I A  H A N D R A I L S  E M P L O Y E D  

ER8 ALTERNATE NO. 3 EARTH RETUR:J SEQUENCE - DIRECT DELIVERY PAYLOAD CLASS -COOPERATIVE 
CONTAMINATION SENSITIVE SATELLITE - HPA USAGE - RMS INOPERATIVE - UNMANNED RETRIEVAL OF 
SATELLITES AT 1000 FT. SEPARATION 
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Althouyh not considered a prime EVA operation, an o r b i t a l  storage t imel ine 

analysis was incorporated f o r  completeness o f  task coverage. 



PAYLOAD STOWED I N  THERMAL ENCLOSURE 

ON ORBiT 

SATELLITE APPENDAGES RETRACTED BY 

GROUND COMMAND AND VERIFIED BY 

ORBITER CREW 

MMU'WRU warn  STABILIZER DEPLOYED TO 

ATTACH ADDITIONAL GRAPPLE FIXTURE 

CHECKOUTfPREPARATION FOR DEPLOYMENT 

INDICATES MALFUNCTION PRECLUDING 

OPERATIONAL DEPLOYMENT 
0 PREPARE SPACECRAFT FOR ORBITAL STORAGE 

SATELLITE ON ORBITER POWER TO MAINTAIN 

THERMAL CONTROL 

SATELLITE INACTIVATED BY GROUND 

COMMAtJD AND CHECKED OUT FOR STORAGE 

MMU:WRU WITH RMS END EFFECTOR 

ATTACHES TO THERMAL ENCLOSURE 

HPA WORK PLATFORM'S RMS END EFFECTOR . THERMAL ENCLOSURE ACTIVATES TO 

ATTACHED TO SATELLITE GRAPPLE FIXTURE ENVELOP SATELLITE 

SATELLITE RELEASED FROM HPA GRAVITY STABILIZATION BOOM DEPLOYED 
HPA WORK PLATFORM (VIA GRAPPLE FROM THERMAL ENCLOSURE 

ATTACHMENT) ELEVATES SATELLITE 

THERMAL ENCLOSURE RETENTION 

LATCHESRELEASED 

MMUiWRU TRANSFERS THERMAL 

ENCLOSURE OVER SATELLITE AND 
ATTACHES TO GRAPPLE FIXTURE 

- - - - -  
MMU WRU RELEASiS SATE-LIT€ A T  '. I F r  SEC 

 LOCI CITY 

054 ORBITAL STORAGE OPTION - HPA USAGE - RMS INOPERATIVE 
- SATELLITES > 15 FT. LENGTH 



ORBITAL STORAGE 

OS4 ORBITAL STORAGE OPTION 

HPA USAQh. RMS INOPERATlVB 

MMUlWRU 

I LEAVE AIR LOCK 
2. TRANSLATE TO TOOL STORAGE 
3. OBTAIN EQUIPMENT 
4. TRANSLATE TO MMU LOCK INTO MMU 
5. TRANSLATE TO WRU LOCK.INT0 WRU 
6. TRANSLATE MMUIWRU TO 

SATELLITE 
7. ATTACH GRAPPLE FIXTURE TO 

SATELLITE 
8. TRANSLATE MMUIWRU TO 

THERMAL ENCLOSURE 
9 ATTACH MMUjWRU TO THERMAL 

ENCLOSURE 
10. TRANSLATE THERMAL ENCLOSURE 

TO SATELLITE 
11. MANEUVER THERMAL ENCLOSURE 

OVER SATELLITE 
12. ATTACH THERMAL ENCLOSURE 

TO GRAPPLE FIXTURE 
13. STANDBY 

HPAIWORfi STATION 
TASU TIME 

(MIN.) 
CUM. TIME 

(MIN.) 

LEAVE AIR LOCK 
TRANSLATE TO TOOL STORAGE 
OBTAIN EQUIPMENT 
TRANSLATE TO HPAIWORK STATION 
LOCK INTO OCP 
TRANSLATE OCP TO SATELLITE 

GRAPPLE FIXTURE 
ATTACH HPA END EFFECTOR 

TO SATELLtTE 
RELEASE SATELLITE FROM HPA 

ELEVATE SATELLITE (VIA HPA 
END EFFECTOR) 

STANDBY 

RELEASE SATELLITE FROM HPA 
END EFFECTOR 

TRANSLATE HPA AWAY FROM 
SATELLITE 

STANDBY 15. ACTIVATE THERMAL ENCLOSURE 
TO ENVELOPE SATELLITE 

16. DEPLOY GRAVITY 
STABILIZATION BOOM 

17. STANDBY TRANgLATE OCP TO STORAGE 
POSITION 

r UNLOCK FROM OCP 88. TRANSLATE SATELLITE TO 
DEPLOYMENT AREA 

In. RELEASE SATELLITE FROM 
MMUIWRU 

20. TRANSLATE MMUIWRU TO PLB 
AESA 

21. UNLOCK FROM MMUIWRU 
22. CONFIGURE MMU AND WRU FOR 

RE-ENTRY 
23. 
24- 
2s TRANSLATE TO AIR LOCK 
26. ENTER AIR LOCK 

TRANSLATE TO TOOL STORAGE 

RETURN EQUIPMENT 

TRANSLATE TO MMUIWRU 
OBTAIN EQUIPMENT 

TRANSLATE TO TOOL STORAGE 
RETURN EQUIPMENT 
TRANSLATE TO AIR LOCK 
ENTER AIR LOCK 
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