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ABSTRACT 

The Marsha l l  Space F l i g h t  Center  (MSFC) Spacelab Payload P r o j e c t  
Office has  been r e s p o n s i b l e  f o r  t h e  miss ion  management and development 
of s e v e r a l  s u c c e s s f u l  payloads.  
experiments ,  t h e  Experimental  Assembly of S t r u c t u r e s  i n  Ex t raveh icu la r  
A c t i v i t y  (EASE) and t h e  Assembly Concept f o r  Cons t ruc t ion  of E rec t ab le  
Space S t r u c t u r e s  (ACCESS), were combined i n t o  a payload managed by t h e  
c e n t e r .  
week-long miss ion  from November 26 t o  December 2 ,  1985. The EASE/ACCESS 
experiments were t h e  f i r s t  s t r u c t u r e s  assembled i n  space ,  and t h e  method 
used t o  manage t h i s  s u c c e s s f u l  e f f o r t  w i l l  be  u s e f u l  f o r  f u t u r e  space 
c o n s t r u c t i o n  missions.  

management team ensures  that t h e  payload s a t i s f i e s  t h e  needs of t h e  
i n v e s t i g a t o r s ,  i s  compatible  w i t h  S h u t t l e  r e sources ,  and o p e r a t e s  s a f e l y  
du r ing  f l i g h t .  The mission management team coord ina te s  a l l  ac t iv i t i e s  
t h a t  must be  completed be fo re  launch,  du r ing  payload ope ra t ions ,  and 
a f t e r  landing .  During t h e  miss ion ,  t hey  are re spons ib l e  f o r  r e s o l v i n g  
any payload problems and a i d i n g  t h e  crew and i n v e s t i g a t o r s  i n  c o l l e c t i n g  
d a t a .  The miss ion  management team works c l o s e l y  wi th  o t h e r  NASA 
c e n t e r s ,  e s p e c i a l l y  t h e  Johnson Space Center  and t h e  Kennedy Space 
Center .  

T h i s  paper  addres ses  t h e  MSFC miss ion  management r e s p o n s i b i l i t i e s  
f o r  t h e  EASE/ACCESS miss ion  and d i s c u s s e s  how l e s s o n s  l ea rned  from t h i s  
miss ion  can be  a p p l i e d  t o  f u t u r e  space c o n s t r u c t i o n  p r o j e c t s .  

Two r e c e n t  space  c o n s t r u c t i o n  

EASE/ACCESS w a s  flown aboard t h e  Space S h u t t l e  dur ing  a 

For t h e  EASE/ACCESS miss ion  as w e l l  as o t h e r s ,  t h e  MSFC mission 

BACKGROUND 

The payload miss ion  manager a t  Marsha l l  Space F l i g h t  Center  (MSFC) 
must ensu re  experiments  are i n t e g r a t e d  i n t o  a payload that can be flown 
s u c c e s s f u l l y  aboard t h e  Space Transpor t a t ion  System (STS). 
begins  when t h e  Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  (NASA) 
Headquarters  a u t h o r i z e s  MSFC t o  i n t e g r a t e  a set of experiments  and 
r e q u e s t s  t h a t  a payload be mani fes ted  on a Space S h u t t l e  f l i g h t .  

r e s p o n s i b l e  f o r  managing s e v e r a l  s u c c e s s f u l  miss ions ,  i nc lud ing  t h r e e  
Spacelab miss ions  i n  which s c i e n t i f i c  l a b o r a t o r i e s  occupied t h e  e n t i r e  
S h u t t l e  payload bay and p a r t i a l  payloads such as t h e  e a r l y  S h u t t l e  
s c i e n c e  miss ions ,  OSTA-2 and OAST-1, and t h e  Materials Science 
Laboratory missions.  MSFC has  developed a miss ion  management technique  
t o  ensure  t h a t  payloads s a t i s f y  t h e  needs of t h e  exper imenters ,  u t i l i z e  
S h u t t l e  r e sources  e f f i c i e n t l y ,  and o p e r a t e  s a f e l y  du r ing  f l i g h t .  The 
management team coord ina te s  a l l  a c t i v i t i e s  t h a t  must be  completed be fo re  
launch ,  beginning wi th  p re l imina ry  des ign  and con t inu ing  through payload 
i n t e g r a t i o n  and checkout.  During t h e  mission,  t hey  con t inue  t o  a i d  t h e  
crew and i n v e s t i g a t o r s  i n  c o l l e c t i n g  d a t a  and r e s o l v i n g  problems. 

i n t e g r a t e d  a payload of two space  c o n s t r u c t i o n  experiments:  t h e  
Experimental  Assembly of  S t r u c t u r e s  i n  Ex t raveh icu la r  A c t i v i t y  (EASE) 
and t h e  Assembly Concept f o r  Cons t ruc t ion  of E rec t ab le  Space S t r u c t u r e s  
(ACCESS). EASE and ACCESS were s u c c e s s f u l l y  assembled and disassembled 

This  process  

The MSFC Spacelab Payload P r o j e c t  O f f i c e  (SPPO) has  been 

Recent ly ,  t h e  MSFC Spacelab Payload P r o j e c t  Office managed and 
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dur ing  two e x t r a v e h i c u l a r  a c t i v i t i e s  (EVAs) on November 29 and December 
1, 1985. S ince  EASE/ACCESS was t h e  f i r s t  planned space  c o n s t r u c t i o n  
miss ion ,  t h e  experiments  were k e p t  s imple ,  w i th  t h e  main g o a l  being t o  
s tudy  human performance du r ing  on-orbi t  cons t ruc t ion .  
and approaches used i n  managing t h e s e  experiments  w i l l  be  u s e f u l  as more 
complex miss ions  are planned du r ing  t h e  Space S t a t i o n  era. 

S h u t t l e  cargo bay. 
deployable  sa te l l i tes .  
experiment hardware mounted on t h e  Mission P e c u l i a r  Equipment Support  
S t r u c t u r e  (MPESS), a carrier which f i t s  i n s i d e  t h e  Space S h u t t l e  cargo 
bay. 

The techniques  

EASE/ACCESS w a s  a p a r t i a l  payload; i t  f i l l e d  one-fourth of  t h e  

F igure  1 shows two views of t h e  EASE/ACCESS 
The remainder of t h e  bay w a s  occupied by t h r e e  

EASE NODES 

TURE 
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For t h e  EASE/ACCESS miss ion ,  MSFC used an  a n a l y t i c a l  i n t e g r a t i o n  
process  developed t o  manage p a r t i a l  payloads from payload d e f i n i t i o n  
through p o s t f l i g h t  ac t iv i t ies .  
a l l  p a r t i a l  payloads wi th  emphasis on t h e  payload’s unique f e a t u r e s .  
For example, EASE/ACCESS planning emphasized crew t r a i n i n g  and 
s t r u c t u r a l  a n a l y s i s ,  w i th  minimal e f f o r t s  f o r  d a t a  processing.  Other 
payloads such as t h e  Materials Science Laboratory r e q u i r e  l i t t l e  crew 
i n t e r a c t i o n ,  and t h e r e f o r e ,  p lanning  e f f o r t s  focus  on o t h e r  a s p e c t s  of 
t h e  mission.  

A s  i s  shown i n  F igure  2 ,  t h e  i n t e g r a t i o n  a c t i v i t y  began i n  December 
1983 and ended wi th  experiment ope ra t ions  aboard STS 61-B. 
i n t e g r a t i o n  schedule  i n  F igu re  2 shows, t h e  completion of each phase of 
t h e  program w a s  marked wi th  a des ign  review. These reviews served  t o  
a s s u r e  compatible  development of  a l l  a s p e c t s  of  t h e  i n t e g r a t e d  payload. 

The s t e p s  of t h e  process  are similar f o r  

A s  t h e  

1983 1984 
D J F M A M J J A S O N D  

1985 
J F M A M J J A S O N D  

0.2 FOR 
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A SAFETY A 

SAFETY 

STS 
MI LESTON ES 
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NEUTRAL BUOYANCY TESTING 

EASE 

ACCESS 

I ACRONYMS 

FDOR IRR FRR LAUNCH 
A A A  RR/IDE 

1 1/85 
A ATP 

A A 
STS-61-8 

a I rn m 
CDR DELIVERY TO K S C  

A PDR 
A A 

PDR COR DELIVERY TO KSC 
A A A 

RiviEw 

ATP AUTHORITY TO PROCEED 
RR REQUIREMENTS REVIEW 
IDE INTERMEDIATE DESIGN EVALUATION 
FDOR FINAL DESIGN 81 OPERATIONS REVIEW 
IRR INTEGRATION READINESS REVIEW 
FRR FLIGHT READINESS REVIEW 
PDR PRELIMINARY DESIGN REVIEW 
CDR CRITICAL DESIGN REVIEW 
PIP PAYLOAD INTEGRATION PLAN 
CIR CARGO INTEGRATION REVIEW 
FOR FLIGHT OPERATIONS REVIEW 
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I NASA CENTER RESPONSIBILITIES 

JSC MSFC 
NATIONAL SPACE SPACELAB 
TRANSPORTATION PAY LOAD 
SYSTEM PROJECT 
OFFICE OFFICE 
PAYLOAD INTEGRATION MISSION 
MANAGER MANAGER 

c 

Three NASA c e n t e r s  were p r i m a r i l y  r e spons ib l e  f o r  i n t e g r a t i n g  t h e  
EASE/ACCESS payload: Marshal l  Space F l i g h t  Center ,  Johnson Space Center  
(JSC), and Kennedy Space Center  (KSC).  
t o g e t h e r  throughout  t h e  development and f l i g h t  of t h e  payload. 
shows t h e  o r g a n i z a t i o n a l  r e l a t i o n s h i p s  between t h e  t h r e e  miss ion  
i n t e g r a t i o n  c e n t e r s ,  NASA headquar t e r s ,  and t h e  experiment developers .  

A l l  t h r e e  c e n t e r s  worked c l o s e l y  
F igure  3 

KSC 
PAYLOAD MANAGEMENT 
& OPERATIONS 
DIRECTORATE 
PAYLOAD ENGINEER 

MISSION INTEGRATION MANAGEMENT RE LATIONSH IPS 

OFFICE OF SPACE FLIGHT 
FLIGHT DEMONSTRATION 
PROGRAM MANAGER 
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The MSFC miss ion  management team was r e s p o n s i b l e  f o r  a n a l y t i c a l l y  
planning t h e  EASE/ACCESS miss ion  and provid ing  Mission P e c u l i a r  
Equipment (MPE), a d d i t i o n a l  equipment needed t o  support  t h e  payload. 
The a n a l y t i c a l  i n t e g r a t i o n  process  was d i r e c t e d  by a payload mission 
manager who w a s  u l t i m a t e l y  r e spons ib l e  f o r  i n t e g r a t e d  payload d e f i n i t i o n  
and des ign ,  v e r i f i c a t i o n  of STS c o m p a t i b i l i t y  and s a f e t y  compliance, and 
coord ina t ion  of requirements  w i th  managers o f  suppor t ing  o rgan iza t ions .  
To f u l f i l l  t h e s e  o b l i g a t i o n s ,  t h e  mission manager r e l i e d  on a team of 
i n t e g r a t i o n  engineers .  
l i a i s o n  wi th  t h e  i n v e s t i g a t o r s .  The EASE experiment w a s  developed by 
t h e  Massachuset ts  I n s t i t u t e  of  Technology (MIT) under c o n t r a c t  t o  MSFC. 
The ACCESS experiment w a s  developed by t h e  NASA Langley Research Center.  

The Johnson Space Center  w a s  r e s p o n s i b l e  f o r  ga the r ing  d a t a  on a l l  
t h e  payloads a s s igned  t o  t h e  miss ion ,  d e f i n i n g  t h e  cargo,  des igning  a n  
i n t e g r a t i o n  p l an  f o r  t h e  e n t i r e  cargo ,  c e r t i f y i n g  t h a t  t h e  S h u t t l e  and 
a l l  payloads on board were s a f e ,  and p lanning  on-orbi t  opera t ions .  MSFC 
provided t h e  EASE/ACCESS payload requi rements ,  and t h e  JSC i n t e g r a t i o n  
team used them t o  i n t e g r a t e  EASE/ACCESS wi th  t h e  S h u t t l e  and t h e  rest of 
t h e  payloads a s s igned  t o  t h e  mission.  

The Kennedy Space Center  was r e s p o n s i b l e  f o r  p h y s i c a l l y  i n t e g r a t i n g  
t h e  experiments  i n t o  a payload, i n s t a l l i n g  them i n  t h e  Space S h u t t l e ,  
and provid ing  launch and l and ing  suppor t .  The MSFC miss ion  management 
team provided KSC w i t h  t h e  s p e c i f i c a t i o n s  f o r  checkout and i n t e g r a t i o n  
of the experiments  and Mission P e c u l i a r  Equipment. 

The miss ion  management team served as t h e  

PAYLOAD DEFINITION 

Following t h e  assignment of  miss ion  management r e s p o n s i b i l i t y  t o  
MSFC, s e v e r a l  meet ings are he ld  w i t h  t h e  experiment developers .  
p o i n t ,  u s u a l l y  t h e  concept  f o r  each experiment i s  w e l l  def ined ,  bu t  
experiment requirements  have n o t  been s p e c i f i e d  and hardware has  no t  
been designed.  The miss ion  management team and t h e  i n v e s t i g a t o r s  
determine t h e  requirements  f o r  each experiment and dec ide  how t h e  Space 
Transpor t a t ion  Sys tem and a v a i l a b l e  suppor t  hardware can meet t h e s e  
needs.  

and 33 nodes,  and EASE, a te t rahedron-shaped s t r u c t u r e  made of 6 l a r g e  
beams and 4 connector  c l u s t e r s ,  had many of t h e  same requirements .  Both 
t h e  EASE and ACCESS experiments  c a l l e d  f o r  t h e  s t r u c t u r e s  t o  be 
pos i t i oned  forward i n  t h e  payload bay f o r  clear l i n e  of s i g h t  photography 
from t h e  a f t  f l i g h t  deck; f o r  adequate  c l ea rance  f o r  s u i t e d  EVA 
a s t r o n a u t s  i n  t h e  payload bay; and f o r  a carrier f o r  experiment 
hardware. With t h e s e  demands i n  mind, MSFC eng inee r s  s e l e c t e d  t h e  
Mission P e c u l i a r  Equipment Support  S t r u c t u r e  (MPESS) t o  s e r v e  as t h e  
carrier f o r  t h e  EASE/ACCESS payload. 
c o n f i g u r a t i o n . )  The MPESS w a s  s e l e c t e d  because i t  was a v a i l a b l e ,  t a k e s  
up a minimum of cargo  bay space ,  p rovides  adequate  c l e a r a n c e  f o r  EVA 
a s t r o n a u t s ,  and r e q u i r e s  a minimum of Mission P e c u l i a r  Equipment. Other 
a v a i l a b l e  carriers were r e j e c t e d  because they  f a i l e d  t o  s a t i s f y  t h e  
requirements  o f  t h e  mission as  e f f i c i e n t l y .  For i n s t a n c e ,  a Spacelab 
p a l l e t  was r u l e d  o u t  because i t  was heav ie r ,  took up more space  than  t h e  
MPESS, and r equ i r ed  more Mission P e c u l i a r  Equipment. The MPESS bridged 
t h e  S h u t t l e  payload bay, s e r v i n g  as  a work p la t form f o r  t h e  a s t r o n a u t s  
as w e l l  as a n  equipment carrier. 

A t  t h i s  

ACCESS, a 12-meter (40-foot)  h igh  tower cons t ruc t ed  w i t h  93 s t r u t s  

(F igure  1 shows t h e  MPESS launch  
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During the early stages of payload development, other standard STS 
equipment is identified for use by the experimenters. 
equipment reduces experiment costs and enhances reliability. 
EASE/ACCESS made use of 16- and 70-mm film cameras, video cameras and 
recorders, foot restraints, and tethers from the STS inventory. 
However, an EASE experiment requirement to record time on two 
synchronized 16-mm film cameras required the modification of the 
standard cameras. With this modification, the two 16-mm cameras 
recorded stereoscopic images of the EVA astronauts at work. 

As the experiment requirements are defined, the mission manager 
works with the experiment developers and JSC to determine if and how 
requirements can be met. Both EASE and ACCESS required locations in 
front of the other payloads. 
in the payload bay to allow accurate photography from the aft flight 
deck but back far enough to leave room for the EVA astronauts to 
assemble the structures. 

developers with design criteria for using the Space Shuttle. 
includes environmental and safety design criteria as well as lists of 
available services and equipment such as the Remote Manipulator System 
(RMS). With this knowledge, the investigators define requirements 
placed on the Space Transportation System in a formal document, the 
Experiment Requirements Document (ERD), which is submitted to the MSFC 
mission manager. 
following areas: experiment operation and configuration, electrical, 
thermal, and command and data handling controls, physical integration 
plans, and ground operations support plans. 
experiment evolves. 

the investigators to formalize payload requirements with JSC in the 
Payload Integration Plan (PIP), the master plan used to allocate STS 
resources for a specific payload. MSFC personnel helped prepare annexes 
to the PIP that identified details pertinent to EASE and ACCESS. 
the structures were constructed during EVAs, the assembly and 
disassembly process had to be identified in step by step procedures. 
Other annexes addressed various aspects of the mission: flight 
operations support by personnel working on the ground; crew training; 
command and data handling; equipment placement and stowage; launch site 
support; payload safety verification; and EVA activities and equipment. 

preliminary design. 
work had already been accomplished before the experiments were assigned 
to a Shuttle flight. 
done research and neutral buoyancy testing with various large space 
structures. This experience helped them determine the appropriate 
structure size, configuration, and assembly procedure. ACCESS used an 
assembly line technique with the crew remaining at designated work 
stations and moving the tower along an assembly fixture as they 
assembled it bay by bay. 
members working both in restraints and unrestrained. 
mockups of the two structures were fabricated, and investigators refined 
the hardware design and assembly techniques. 

Throughout the hardware design and integration process, a series of 
formal design reviews play an important role in coordinating efforts. 
Figure 2 shows a schedule for reviews of the EASE/ACCESS payload. 

Using this 

The experiments had to be forward enough 

During payload definition, the MSFC team also provides experiment 
This 

The ERD describes the experiment-s requirements in the 

The ERD is updated as the 

The MSFC mission manager uses the ERD and other information from 

Since 

After the basic payload is defined, the experiment developers begin 
For EASE and ACCESS, a great deal of conceptual 

Investigators from Langley and MIT had already 

EASE used an assembly technique with crew 
Neutral buoyancy 

Each 
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review occurs  a t  a n a t u r a l  t r a n s i t i o n  p o i n t  i n  payload development. For 
example, t h e  purpose of t h e  I n t e g r a t e d  Payload Pre l iminary  Design Review 
i s  t o  f i n a l i z e  miss ion  requi rements ,  t h e  b a s e l i n e  payload i n t e r f a c e s ,  
t h e  s a f e t y  v e r i f i c a t i o n  methods and begin planning f o r  phys i ca l  
i n t e g r a t i o n  and f l i g h t  suppor t .  
hardware t o  KSC i s  t h e  I n t e g r a t e d  Payload I n t e g r a t i o n  Readiness Review 
i n  which t h e  payload i s  reviewed a g a i n s t  t h e  e s t a b l i s h e d  requirements  t o  
v e r i f y  payload s a f e t y  and c o m p a t i b i l i t y  w i th  t h e  o r b i t e r  and o t h e r  
payload elements .  

The l as t  review be fo re  d e l i v e r y  of 

i 

EXPERIMENT 
I IA  

INTERFACE DEFINITION 

SPACE 

S'r'STEM 
INTEGRATED TRANSPORTATION PAYLOAD 

ICD 

I n t e r f a c e s  are de f ined  between each experiment and t h e  i n t e g r a t e d  
payload and between t h e  i n t e g r a t e d  payload and t h e  STS. 
F igure  4 ,  t h e  experiment t o  payload i n t e r f a c e s  are de f ined  i n  t h e  
Instrument  I n t e r f a c e  Agreement ( I I A ) ,  and t h e  payload t o  STS i n t e r f a c e s  
are de f ined  i n  t h e  unique I n t e r f a c e  Cont ro l  Document (ICD). A s  a l l  t h e  
payloads a s s igned  t o  t h e  miss ion  and t h e  i n d i v i d u a l  experiments  evolve ,  
i t  i s  o f t e n  necessary  t o  r econs ide r  t h e  i n t e r f a c e  d e f i n i t i o n s .  Changes 
are de f ined  i n  t h e  I I A  which i s  used t o  o b t a i n  t h e  agreement of t h e  
e f f e c t e d  des ign  groups.  

i nc lud ing  a l l  t h e  e l ec t r i ca l ,  mechanical ,  and thermal connections 
between t h e  experiment hardware and t h e  carrier. 
i n d i c a t i n g  maximum experiment s i z e ,  l i m i t s  of motion, and connector  
l o c a t i o n s  and mounting i s  documented. A s  t h e  f i r s t  space c o n s t r u c t i o n  
payload, USE/ACCESS had s imple i n t e r f a c e s ,  c o n s i s t i n g  mainly of 
s t r u c t u r a l  and mechanical i n t e r f a c e s  where t h e  experiments ,  t h e  MPESS, 
and suppor t  hardware were connected o r  a t t a c h e d ;  t h e r e  were no 
requirements  f o r  e l e c t r i c a l  o r  power systems o r  microprocessor  commands 
and d a t a .  

A s  shown i n  

I n t e r f a c e s  have t o  be def ined  f o r  each subsystem of a payload 

An envelope drawing 

INTER FACE DE F I N ITION 

INSTRUMENT 
INTERFACE 
AGREEMENT 

INTERFACE 
CONTROL 
DOCUMENT 
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The p r i n c i p a l  i n t e r f a c e s  va ry  w i t h  each payload. 
crew i n t e r a c t i o n  w i t h  t h e  s t r u c t u r e s  w a s  a primary concern. 
c r i t i ca l  t h a t  t h e  experiments be compatible w i t h  t h e  crew. 
a s t r o n a u t s  p a r t i c i p a t e d  i n  experiment development tes ts  and helped 
d e f i n e  d e t a i l s  such as t h e  l o c a t i o n  and number of f o o t  r e s t r a i n t s  and 
handholds and t h e  l o c a t i o n  and assembly i n s t r u c t i o n s  provided on d e c a l s  
placed on t h e  f l i g h t  hardware. The hardware materials m e t  crew touch 
temperature  l i m i t  s tandards .  The hardware had t o  be easy  t o  handle  by a 
s u i t e d  a s t r o n a u t ;  t h i s  requirement r e s u l t e d  i n  t h e  development of a 
harpoon, a p i p  p i n  w i t h  a t e t h e r ,  designed by t h e  MIT experiment 
deve lope r s  t o  r e s t r a i n  t h e  l a r g e  EASE beams dur ing  handl ing.  
r e s u l t e d  i n  t h e  waiver of some requirements .  
hardware handled du r ing  a n  EVA must be t e t h e r e d  w a s  waived because tests 
v e r i f i e d  t h a t  t h e  small ACCESS s t r u t s  could be manipulated s a f e l y  and 
e a s i l y  wi thou t  t e t h e r s .  

Design s o l u t i o n s  f o r  changes are i d e n t i f i e d  i n  formal  documents and a l l  
e f f e c t e d  groups are n o t i f i e d  of changes. 
determined t h a t  a n  e x t r a  handhold i s  needed on experiment hardware, 
i n v e s t i g a t o r s  are informed of t h e  requirement and given i n s t r u c t i o n s  t o  
modify hardware t o  accommodate t h e  change. I n  some cases, t h e  
i n v e s t i g a t o r s  w i l l  r e q u e s t  a modi f ica t ion .  For i n s t a n c e ,  t h e  Langley 
experiment deve lope r s  added i n s u l a t i o n  t o  t h e  ACCESS s t r u c t u r a l  members 
t o  prevent  thermal  g r a d i e n t s  from causing t h e  hardware t o  bind. 

For EASE/ACCESS, 
It w a s  

The 

It a l s o  
The f l i g h t  T u l e  that a l l  

I n t e r f a c e  d e f i n i t i o n  cont inues  t o  change and evolve u n t i l  f l i g h t .  

For i n s t a n c e ,  i f  i t  i s  

SAFETY AND VERIFICATION PROCESS 

S a f e t y  i s  considered throughout t h e  experiment development and 
i n t e g r a t i o n  process .  
hardware i s  safe f o r  f l i g h t .  
t h e  mission manager f o r  t h e i r  hardware. 
t h i s  d a t a  w i t h  d a t a  f o r  t h e  i n t e g r a t i o n  hardware i n t o  a n  i n t e g r a t e d  
payload s a f e t y  a n a l y s i s  which i s  presented t o  t h e  STS s a f e t y  pane l  f o r  
approval .  

d e v i s i n g  a s o l u t i o n  t o  a s s u r e  that the hazard cannot occur.  
i d e n t i f i e s  t h e  s t e p s  of t h e  s a f e t y  process .  

Tests and ana lyses  are used t o  v e r i f y  that a l l  
The experiment developers  provide d a t a  t o  

The mission manager compiles 

The s a f e t y  p rocess  c o n s i s t s  of ana lyz ing  each p o t e n t i a l  hazard and 
Figure 5 

SAFETY PROCESS 

0 PHASE0 - IDENTIFY POTENTIAL HAZARDS 

PHASE1 - IDENTIFY APPROACHES TO ELIMINATE 

@PHASE2 - VERIFY DESIGN, IMPLEMENT CONTROLS 

@PHASE3 - VERIFY HARDWARE AS BUILT, CERTIFY 
SAFETY COMPLIANCE 

OR CONTROL HAZARDS 
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Each system t h a t  i s  p o t e n t i a l l y  hazardous must be s a f e  a f t e r  any two 
f a i l u r e s .  
miss ion  concerned s t r u c t u r a l  f a i l u r e s  caused by l o a d s  o r  stress 
co r ros ion ;  damage t o  t h e  EVA s u i t s  by s h a r p  edges;  and e l e c t r i c a l  
i n t e r f e r e n c e  caused by s t a t i c  e l e c t r i c i t y .  However, t h e  most 
s i g n i f i c a n t  hazard addressed  w a s  t h e  p o t e n t i a l  f a i l u r e  t o  disassemble 
t h e  EASE o r  ACCESS s t r u c t u r e s  which would prevent  c l o s i n g  t h e  payload 
bay doors .  To prec lude  this hazard,  two independent systems were 
designed t o  s e p a r a t e  t h e  assembled s t r u c t u r e s  from t h e  o r b i t e r .  
buoyancy tests were performed t o  v e r i f y  t h e  o p e r a t i o n  of t h e s e  
cont ingency systems and t o  t r a i n  t h e  crew i n  t h e i r  use.  
t h e  crew e x e r c i s i n g  one of  t h e  ACCESS s e p a r a t i o n  systems i n  t h e  MSFC 
Neu t ra l  Buoyancy Simulator  (NBS). 

Some o f  t h e  p o t e n t i a l  hazards  analyzed f o r  t h e  EASE/ACCESS 

Neut ra l  

F igure  6 shows 
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An impor tan t  element of t h e  s a f e t y  process  i s  t o  v e r i f y  t h a t  t h e  
payload i s  compatible  wi th  t h e  S h u t t l e  and t h e  space  environment. 
i n  t h e  program, tests, ana lyses ,  and i n s p e c t i o n s  are i d e n t i f i e d  and 
scheduled t o  ensu re  s a f e  and compatible  i n t e r f a c e s .  
i s  designed f o r  each experiment and f o r  Mission P e c u l i a r  Equipment. 

v e r i f i c a t i o n  process .  
ins t rument  deve loper  i s  g iven  des ign  loads  based on t h e  p a s t  exper ience  
of similar hardware. 
developer  provides  a math model of  t h e i r  experiment t o  t h e  miss ion  
manager f o r  i n t e g r a t i o n  w i t h  o t h e r  experiment math models. This  math 
model f o r  t h e  i n t e g r a t e d  payload i s  supp l i ed  t o  JSC f o r  s imula t ion  of 
launch  and l and ing  load  cond i t ions .  
compared w i t h  t h e  des ign  loads  t o  v e r i f y  adequate  margins of  s a f e t y .  

t h e  o r b i t e r  c o n t r o l  system on t h e  deployed EASE and ACCESS s t r u c t u r e s .  
This  w a s  r e q u i r e d  because t h e  c o n t r o l  system could e x c i t e  resonant  
f r e q u e n c i e s  of  t h e  deployed s t r u c t u r e s  wi th  t h e  p o s s i b i l i t y  of  caus ing  
s t r u c t u r a l  f a i l u r e s .  The r e s u l t s  of t h i s  s imula t ion  imposed o p e r a t i n g  
c o n s t r a i n t s  on t h e  o r b i t e r  du r ing  some of t h e  experiment ope ra t ions .  
The c o n s t r a i n t s  p r o h i b i t e d  t h e  use  of  o r b i t  c o n t r o l s  dur ing  assembly and 
disassembly of  t h e  EASE experiment and du r ing  one p a r t  of t h e  ACCESS 
experiment.  

n o t  compromised. For example, t h e  EASE/ACCESS payload w a s  designed wi th  
f l i g h t  approved materials and d i d  n o t  d i s s i p a t e  any energy as h e a t ;  
t h e r e f o r e ,  a major i n t e g r a t e d  thermal  a n a l y s i s  w a s  n o t  necessary .  For 
most payloads,  a thermal  a n a l y s i s  u s ing  models of a l l  of  t h e  payloads 
and t h e  o r b i t e r  i s  performed t o  d e f i n e  t h e  thermal  environment f o r  each 
payload and experiment.  

The MSFC miss ion  manager a l s o  performs s a f e t y  ana lyses  t o  ensure  
t h a t  t h e  payload can  be s a f e l y  i n t e g r a t e d  and disassembled a t  KSC and 
t h a t  handl ing  and t e s t i n g  equipment can be used s a f e l y .  
t h e s e  a n a l y s e s  are inco rpora t ed  i n  t h e  des ign  of t h e  f l i g h t  hardware and 
ground suppor t  equipment and i n t o  t h e  t e s t i n g  and handl ing  procedures .  

i n  the "Safety P o l i c y  and Requirements f o r  Payloads Using t h e  Space 
Transpor t a t ion  System", and t h e  "STS Payload Ground Sa fe ty  Handbook." 
Four s a f e t y  reviews are he ld  f o r  f l i g h t  s a f e t y  and t h r e e  are he ld  f o r  
ground s a f e t y  ope ra t ions .  
s a f e t y  d a t a  provided by t h e  ins t rument  deve lopers  w i t h  t h e  i n t e g r a t e d  
payload a n a l y s i s  and p r e s e n t s  i t  t o  t h e  STS s a f e t y  pane l  f o r  f i n a l  
f l i g h t  and ground s a f e t y  c e r t i f i c a t i o n .  
c e r t i f i c a t i o n  be fo re  i t  i s  d e l i v e r e d  and i n t e g r a t e d  a t  KSC. 

Ear ly  

A v e r i f i c a t i o n  p l a n  

The s t r u c t u r a l  l o a d s  a n a l y s i s  i s  a c r i t i c a l  p a r t  of t h e  
During t h e  miss ion  d e f i n i t i o n  phase,  each 

After t h e  hardware des igns  are completed, each 

R e s u l t s  of  t h i s  s imula t ion  are 

A similar s imula t ion  was performed t o  determine l o a d s  imposed by 

Some p a r t s  of t h e  v e r i f i c a t i o n  p l a n  can be s i m p l i f i e d  i f  s a f e t y  i s  

The r e s u l t s  of 

All payloads must comply wi th  s e v e r a l  e s t a b l i s h e d  r u l e s  i d e n t i f i e d  

The MSFC miss ion  manager i n t e g r a t e s  t h e  

The payload must r e c e i v e  s a f e t y  

GROUND PAYLOAD PROCESSING 

Ground payload process ing  occur s  a t  t h e  Kennedy Space Center  were 
t h e  payload elements  are i n t e g r a t e d  on t h e  carrier, checked o u t ,  and 
i n s t a l l e d  i n  t h e  o r b i t e r .  The MSFC miss ion  management team is 
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r e spons ib l e  f o r  developing t h e  requirements  and s p e c i f i c a t i o n s  which 
d e f i n e  payload process ing  a t  KSC. These requirements  are documented i n  
t h e  Ground I n t e g r a t i o n  Requirements Document. 
i nc lude  o f f - l i n e  l a b o r a t o r y  space  and equipment f o r  post-shipment tests 
by exper imenters ,  procedures  f o r  a t t a c h i n g  t h e  experiments t o  t h e  
c a r r i e r ,  i n t e g r a t e d  checkout and v e r i f i c a t i o n  tes ts ,  and envelope 
c l ea rance  tests f o r  experiments .  Requirements f o r  i n t e r f a c e  tests, 
s e r v i c i n g ,  c a l i b r a t i o n ,  o r  s p e c i a l  handl ing  are s p e c i f i e d .  

however, t h e  MSFC miss ion  management team and t h e  experiment deve lopers  
suppor t  t h e s e  a c t i v i t i e s .  
MSFC personnel  and experimenters  may p a r t i c i p a t e  i n  f u n c t i o n a l  t e s t i n g .  
For example, t h e  i n t e g r a t e d  ACCESS s t r u c t u r e  was p a r t i a l l y  assembled t o  
v e r i f y  t h a t  t h e  i n t e r f a c e s  f i t  t o g e t h e r  proper ly .  
inc luded  i n s p e c t i o n s  f o r  s h a r p  edges t h a t  might damage EVA s u i t s  and 
measurements t o  ensu re  proper  c l ea rance .  

A Crew Equipment I n t e r f a c e  T e s t  (CEIT) w a s  performed by t h e  EVA 
crew t o  f a m i l i a r i z e  them wi th  t h e  f l i g h t  hardware. 
a s t r o n a u t s  remove each p i e c e  o f  hardware,  examine i t  f o r  f i t  and 
f u n c t i o n ,  and r e t u r n  i t  t o  i t s  launch  conf igu ra t ion .  A CEIT i s  requ i r ed  
f o r  payloads wi th  ex tens ive  crew i n t e r f a c e s .  

I f  a problem arises dur ing  i n t e g r a t i o n ,  KSC i s s u e s  a r e p o r t  
descr ib ing  the s i t u a t i o n .  Upon r e c e i v i n g  t h e  r e p o r t ,  t h e  MSFC 
management t e a m  meets wi th  any involved  p a r t i e s  t o  assess t h e  problem. 
For example, du r ing  EASE/ACCESS i n t e g r a t i o n ,  Kennedy personnel  found a 
h a n d r a i l  t h a t  extended beyond t h e  envelope f o r  RMS c lea rance .  
h a n d r a i l  had been added du r ing  experiment development t o  make i t  e a s i e r  
f o r  t h e  a s t r o n a u t s  t o  g e t  i n  and o u t  of f o o t  r e s t r a i n t s .  S ince  t h e  
h a n d r a i l  problem w a s  d i scovered  n e a r  launch  t i m e ,  MSFC, t h e  
exper imenters ,  and JSC decided t o  remove t h e  h a n d r a i l  r a t h e r  t han  modify 
t h e  hardware. 

A s  t h e  payload i s  processed,  MSFC and KSC personnel  may hold  formal  
meet ings t o  d i s c u s s  any ou t s t and ing  s i t u a t i o n s  t h a t  need r e s o l u t i o n .  
C r e w  t r a i n i n g  and experiment procedures  are u s u a l l y  underway 
s imul taneous ly  wi th  payload process ing .  
t o  modify t h e  i n t e g r a t i o n  p l a n  as a r e s u l t  of a d iscovery  du r ing  crew 
t r a i n i n g .  For example, du r ing  EASE/ACCESS n e u t r a l  buoyancy tests, i t  
became apparent  t h a t  a f o o t  r e s t r a i n t  needed t o  be moved f o r  easier 
handl ing  of equipment. To make t h e s e  k i n d s  of mod i f i ca t ions ,  MSFC 
p repa res  a mod i f i ca t ion  k i t  t o  be i n s t a l l e d  by KSC personnel .  

Typica l  requirements  

The KSC i n t e g r a t i o n  team i s  i n  charge  of payload process ing;  

After t h e  payload i s  mechanical ly  i n t e g r a t e d ,  

Other t e s t i n g  

For t h i s  t e s t  t h e  

The 

The management team may dec ide  

FLIGHT PLANNING 

The MSFC miss ion  management r e s p o n s i b i l i t y  a l s o  inc ludes  developing 
p l a n s  f o r  i n f l i g h t  a c t i v i t i e s  that suppor t  payload ope ra t ions .  
p a r t i a l  payloads,  J S C  i s  r e s p o n s i b l e  f o r  c r e a t i n g  a p l a n  t h a t  o u t l i n e s  
a l l  f l i g h t  a c t i v i t i e s .  
o rgan iza t ions  w i t h  payloads a s s igned  t o  t h e  f l i g h t .  

Requirements Document i n p u t  by t h e  i n v e s t i g a t o r s .  
i d e n t i f i e d  du r ing  development t e s t i n g  l i k e  t h a t  done f o r  EASE/ACCESS i n  

For 

This  p l a n  i s  based on i n p u t s  from MSFC and o t h e r  

Some of  t h i s  i n fo rma t ion  i s  a v a i l a b l e  i n  t h e  Experiment 
Other d a t a  are 
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t h e  MSFC Neu t ra l  Buoyancy Simulator .  For EASE/ACCESS, MSFC provided JSC 
wi th  informat ion  such as t h e  number of EVAs r equ i r ed  f o r  assembly, t h e  
number of  assembl ies  and d i sa s sembl i e s  of  each  s t r u c t u r e  r equ i r ed  t o  
g a t h e r  d a t a  on human performance du r ing  space  c o n s t r u c t i o n ,  t h e  
approximate t i m e  needed f o r  each assembly, t h e  number of EVA crew 
members r e q u i r e d  f o r  each  t a s k ,  and t h e  l e n g t h  of each EVA. 

d e s c r i p t i o n s  of  crew t a s k s .  For EASE/ACCESS, MSFC provided i n p u t  i n t o  
t h e  EVA annex d e s c r i b i n g  a l l  ope ra t ions  du r ing  t h e  two six-hour EVAs and 
payload f l i g h t  d a t a  f i l e s  wi th  procedures  f o r  assembly and disassembly 
of t h e  s t r u c t u r e s  as w e l l  as d a t a  c o l l e c t i o n .  Procedures  t o  s o l v e  
p o s s i b l e  con t ingenc ie s  were a l s o  o u t l i n e d .  Working w i t h  t h e  
exper imenters ,  MSFC dec ides  which t a s k s  have t h e  h i g h e s t  p r i o r i t y  i n  
case a n  EVA o r  t h e  miss ion  ends e a r l y .  Using a l l  this d a t a ,  JSC can 
wri te  f l i g h t  rules, develop a d e t a i l e d  C r e w  A c t i v i t y  P lan  f o r  t h e  e n t i r e  
miss ion ,  and dec ide  which t a s k s  have p r i o r i t y .  Before t h e  miss ion ,  
f l i g h t  r u l e s  are w r i t t e n  f o r  p o t e n t i a l  mal func t ions  so  that d e c i s i o n s  
can  be  made exped ien t ly  on-orbi t .  

The MSFC management team a l s o  c a r e f u l l y  p l ans  f l i g h t  payload 
ope ra t ions  suppor t  a c t i v i t i e s  t h a t  t a k e  p l ace  on t h e  ground. Before the  
mission,  key personnel  and t h e i r  r e s p o n s i b i l i t i e s  are def ined .  
EASE/ACCESS team worked i n  t h e  Customer Support Room (CSR) a t  JSC and i n  
t h e  H u n t s v i l l e  Operat ions Support  Center  (HOSC) a t  MSFC. 

o p e r a t i o n s  s t a f f  and t h e  teams suppor t ing  v a r i o u s  payloads.  
EASE/ACCESS, JSC personnel  communicated d i r e c t l y  wi th  t h e  crew, and t h e  
MSFC miss ion  manager communicated wi th  t h e  Johnson EVA o f f i c e r  v i a  a 
v o i c e  loop .  Other key personnel  such as EASE/ACCESS experimenters  and 
MSFC eng inee r s  who wrote  assembly procedures  o r  designed hardware served  
as t e c h n i c a l  a d v i s o r s  du r ing  t h e  mission.  

ground o p e r a t i o n s  cu lmina te  i n  j o i n t  i n t e g r a t e d  miss ion  s imula t ions  i n  
which c r u c i a l  segments of t h e  miss ion  are rehearsed .  
t r a i n  both  t h e  a s t r o n a u t s  and t h e  f l i g h t  ope ra t ions  suppor t  crew and t o  
i d e n t i f y  any unresolved problems. For EASE/ACCESS, EVA a c t i v i t i e s  were 
p r a c t i c e d  w i t h  t h e  a s t r o n a u t s  assembling and d isassembl ing  t h e  
s t r u c t u r e s  i n  the J S C  Weightless Environment Tra in ing  F a c i l i t y  while JSC 
and MSFC personnel  performed t h e i r  r o l e s  from t h e  JSC Mission Cont ro l  
Center  (MCC) and CSR and t h e  MSFC HOSC. 

o p e r a t i o n s  du r ing  t h e  EASE/ACCESS experiments .  
ga thered  d a t a  beyond t h e i r  miss ion  o b j e c t i v e s .  After t h e  miss ion ,  t h e  
MSFC miss ion  management team cont inued t o  suppor t  p o s t f l i g h t  a c t i v i t i e s ,  
such as crew d e b r i e f i n g s .  
KSC and r e t u r n e d  t o  t h e  a p p r o p r i a t e  o rgan iza t ions .  

The miss ion  management team provided JSC wi th  step-by-step 

The 

There must be a mutual understanding between t h e  STS f l i g h t  
For 

Two t o  t h r e e  months be fo re  a miss ion ,  planning f o r  i n f l i g h t  and 

These s e r v e  t o  

The r e s u l t  of  t h e s e  f l i g h t  planning a c t i v i t i e s  w a s  smooth on-orbi t  
Both experiment teams 

The EASE/ACCESS hardware w a s  d e i n t e g r a t e d  a t  
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SUMMARY 

The miss ion  management and i n t e g r a t i o n  a c t i v i t i e s  were c a r r i e d  o u t  
s u c c e s s f u l l y  f o r  t h e  EASE/ACCESS mission.  
w a s  compat ible  wi th  t h e  o r b i t e r  i n t e r f a c e s ;  t h e  payload opera ted  s a f e l y ;  
and t h e  experiment requi rements  were f u l l y  s a t i s f i e d .  
were accomplished w i t h i n  t h e  c o s t  and schedule  o r i g i n a l l y  e s t a b l i s h e d  
f o r  t h e  p r o j e c t .  

miss ion  i n t e g r a t i o n  process .  
EASE/ACCESS was t h e  Mission P e c u l i a r  Equipment Support  S t r u c t u r e  
(MPESS), which was a v a i l a b l e  i n  t h e  e x i s t i n g  hardware inventory .  
a d d i t i o n ,  s t anda rd  STS hardware such as t h e  CCW, movie and s t i l l  f i l m  
cameras, and v ideo  r e c o r d e r s  was used f o r  d a t a  c o l l e c t i o n .  

e x t r a v e h i c u l a r  a c t i v i t i e s  (EVAs), t h e  miss ion  management and i n t e g r a t i o n  
of EASE/ACCESS w a s  accomplished us ing  methods developed f o r  previous 
missions.  Missions such as  OSTA-2 and OAST-1 were simple payloads which 
u t i l i z e d  t h e  MPESS i n  a manner similar t o  EASE/ACCESS. However, t h e  
ex tens ive  crew involvement i n  EVAs and t h e  tests i n  t h e  MSFC Neut ra l  
Buoyancy F a c i l i t y  were unique a s p e c t s  of  t h e  mission.  It is t h e  purpose 
of t h i s  paper t o  make o t h e r s  aware of  t h e  exper ience  gained on t h i s  
miss ion  i n  hope t h a t  i t  w i l l  be of benefi t  i n  planning f u t u r e  space 
c o n s t r u c t i o n  miss ions  invo lv ing  EVA. 

Th i s  means t h a t  t h e  payload 

These e f f o r t s  

Cos ts  were minimized by u s i n g  a v a i l a b l e  hardware and a n  e s t a b l i s h e d  
The s t r u c t u r a l  carrier used f o r  

I n  

With t h e  except ion  of des ign ing  t h e  crew i n t e r f a c e s  f o r  
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