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FOREWORD 

The Spacelab User Implementation Assessment Study was conducted t o  a s ses s  
and minimize t h e  c a p i t a l  investment of t h e  National  Aeronautics and Space 
Administration f o r  t h e  i n t e g r a t i o n  and checkout of Spacelab payloads such as 
Langley's Advanced Technology Laboratory. The s tudy was conducted by t h e  
Space Division of Rockwell I n t e r n a t i o n a l  Corporation under Contract  NAS1-12933 
f o r  the  Langley Research Center. M r .  F. 0. Allamby w a s  t h e  t e c h n i c a l  s tudy 
manager f o r  the Langley Research Center. I n  add i t ion ,  t h i s  s tudy rece ived  
agency-wide guidance and eva lua t ion  from t h e  S tee r ing  Group f o r  Payloads 
Dperations Concept S tud ie s ,  d i r e c t e d  by M r .  W. 0. Armstrong, t o  maximize t h e  
o b j e c t i v i t y  and a p p l i c a b i l i t y  of t h e  s tudy da ta .  

The f i n a l  r epor t  c o n s i s t s  of an execut ive  summary and f o u r  t e c h n i c a l  
volumes a s  i l l u s t r a t e d  i n  t h e  accompanying f igu re .  A succ inc t  summary of t h e  
study i s  presented i n  t h e  execut ive  summary. Three of t h e  f o u r . t e c h n i c a 1  vol- 
umes present  t h e  analyses and t r a d e s  performed during t h e  course of t h e  s tudy.  
The fou r th  volume conta ins  f i v e  appendixes, which d e l i n e a t e  d e t a i l e d  d a t a  per- 
t a in ing  t o  the i n s t a l l a t i o n  and checkout of Spacelab payloads such a s  t h e  ATL, 
and a computer cos t  model u t i l i z e d  i n  t h e  compilation of programmatic resource  
requirements. The contents  of t h e  volumes a r e  described below. 

EXECUTIVE SUMMARY 

Study overview--objectives , s tudy approach. 

Synopsis of development of candidate  processing concepts-- 
complete Spacelab and pa l le t -only  conf igura t ions .  

Summary of i n t e g r a t i o n  and checkout optimizations-- 
checkout approach, ground ope ra t ions  process ing  cyc le ,  
personnel ,  ground suppor t  equipment and f a c i l i t y  
requirements. 

Programmatic costing--mission-unique, s u s t a i n i n g ,  and 
non-recurring cos t  e s t ima tes  f o r  requi red  personnel ,  
ma te r i a l ,  t r a v e l ,  documentation, ground suppor t  equip- 
ment, and f a c i l i t i e s .  

Concept wa lua t ions - - f l i gh t - r a t e  s e n s i t i v i t i e s  and 
concept a p p l i c a b i l i t i e s  . 

VOLUME I. CONCEPT DEVELOPMENT AND EVALUATION 

Complete Spacelab process ing  concept development. 

Pal let-only processing concept development. 
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Results of s tudy opt imiza t ions  i n  t h e  a reas  of checkout 
requirements,  s imula to r  u t i l i z a t i o n ,  and conf igura t ional  
changes. 

F l ight - ra te  s e n s i t i v i t i e s - - f l i g h t  hardware, GSE, f a c i l l t y ,  
and personnel.  

Concept eva lua t ions- - in tegra t ion  center / launch s i te  
co-location, suppor t  module cognizance, WTR impl i ca t ions ,  
genera l  a p p l i c a b i l i t y ,  recommended ATL approach. 

VOLUME 11. CONCEPT OPTIMIZATIONS 

Supporting functions--development. d e f i n i t i o n s ,  and 
r e s p o n s i b i l i t y  assignments.  I d e n t i f i e s  p o t e n t i a l  
software app l i ca t ions .  

Test requirements--checkout approach and requirements ,  
t e s t  philosophy, and environmental test requirements.  

Test and opera t ions  sequence--development of funct ional  
flows, d e t a i l e d  ope ra t ions ,  a c t i v i t y  da ta  s h e e t s ,  and 
in t eg ra t ed  flows f o r  both the complete Spacelab and 
pa l le t -only  process ing  concepts. 

VOLUME 111. RESOURCE RFQUIREMENTS DEVELOPMENT 

Requirements f o r  mission-unique, sus t a in ing ,  and non- 
r ecu r r ing  resources--includes personnel ,  t r a v e l ,  t rans-  
po r t a t ion ,  m a t e r i a l ,  documentation, GSE, and f a c i l i t i e s .  

Programmatic costing--presents cos t  estimates f o r  a l l  
resource requirements .  

Cost-risk analysis--parametr ic  eva lua t ion  of d e l e t i o n  
of v ibra-acous t ic ,  thermal-vacuum and repea t  f u n c t i o n a l  
t e s t s .  

VOLUME I V .  APPENDIXES A,  B ,  C ,  D,  AND E 

Appendix A. Experiment InstaZkCim Time Estimates - Time . 
es t imates  of t h e  r equ i red  experiment i n s t a l l a t i o n  a c t i v i t i e s  
inc luding  (1) phys ica l  i n s t a l l a t i o n  of experiment hardware 
i n  a rack, i g loo ,  o r  on a p a l l e t ;  (2) performance of elec-  
t r i c a l  bonding checks; (3) complete mechanical interconnec-  
t i on  inc luding  f l u i d  and e l e c t r i c a l  l i n e s ;  and (4) performance 
of end-to-end con t inu i ty  checks between t h e  experiment con- 
nec to r  and t h e  i n t e r f a c e  connector a t  the  experiment module/ 
p a l l e t ,  support  module/experiment module o r  i g l o o  i n t e r f a c e s .  

Appendix B. Experiment Checkout F Z m  Time Estimates - The 
genera l  experiment checkout flow p lus  t h e  t i m e  e s t i m a t e s  f o r  
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each individual experiment i n  the ATL experiment complement. 
These time estimates d e t a i l  the time required for :  

- Equipment setup and act ivat ion,  including ,,,' 
controls and display equipment. 

- Verification of the operation of mechanical 
devices of both p a l l e t  and rack-mounted 
sensors and auxi l iary  equipment. 

- Verification of data processing/recording 
equipment and instrumentation concurrent 
with checkout of the  experiments. 

Appendir C.  Experiment S m q  - A summary of t he  require- 
ments and equipment u t i l i z ed  f o r  each experiment included i n  
the study. The experiments a re  l i s t e d  by discipline; 

- Navigation 
- Earth Observations 
- Physics and Chemistry 
- Microbiology 
- Environmental Effects 
- Components and Systems Testing 

The summary fo r  each experiment includes the  objectives o r  
purpose, the description of the  equipment u t i l i z e d ,  the  
operation of the  equipment, and the  physical parameters of 
mass properties and equipment i n s t a l l a t i on  location (pal le t .  
rack, igloo). 

Appendix D. Act iv i ty  Data Sheets - Detailed def ini t ions  of 
the t e s t  operations associated with each a c t i v i t y  defined i n  
the expanded functional blocks (deta i led functional flows). 
The ac t i v i t y  data sheets describe the  operations involved 
and the  resources u t i l i z e d  t o  accomplish the processing cycle. 
They cover the  e n t i r e  cycle from i n i t i a l  experiment i n s t a l l a -  
t ion through the various integration levels  (Experiment, 111; 
Spacelab, 11; Orbiter Cargo, I),  and the  refurbishment of the  
pa l l e t s ,  racks and/or ig loos ,  following the completion of the 
mission. 

Appendix E.  System Cost Model - Description of computer cost 
model u t i l i z ed  i n  the study to  compile the derived resource 
requirements i n t o  mission-unique, susta ining,  and non-recurring 
cost categories. 

Within each volume, the term "concept" is used repeatedly and data a r e  
presented with respect t o  Concepts I through V I I I .  The concepts referred t o  
per ta in  t o  a l te rna te  in tegrat ion and checkout approaches f o r  both the complete 
Spacelab (support module, experiment module, and p a l l e t )  and the  pallet-only 
Spacelab configuration. The following two tables  define,  i n  general terms, 
each of the e igh t  processing concepts t ha t  were def in i t i zed  i n  t h i s  study. 
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AAFE 
ADDAS 
AEDC 
AIM 
AM 
ARINC 
ARS 
AS0 
ATCS 
ATL 
ATM 

CCTV 
CDMS 
CER 
C.G. 
MTS 
CM 
CPSE 
CRT 
CSM 
CV-990 

ABBREVIATIONS AND 
ACRONYM LIST 

Advanced Application Plight Experiments 
Automated Digi ta l  Data Acquisition System 
Atomic Energy Development Center 
Apogee Inser t ion Motor 
Airlock Module (Skylab) 
Aeronautical Radio, Inc. 
Atmospheric Revital ization System 
Airborne Science Office 
Active Thermal Control Subsystem 
Advanced Technology Laboratory 
Apollo Telescope Mount (Skylab) 

Closed Circuit  Television 
Command and Data Management System 
Cost Estimating Relationship 
Center of Gravity 
Circuits  
Cormand Module (Apollo) 
Common Payload Support Equipment 
Cathode Ray Tube 
Command and Service Module (Apollo) 
Convair a i rplane used as t e s t  bed i n  airborne research by 

NASA-Ames Research Laboratory 

DOMSAT Domestic S a t e l l i t e  (commercial geosynch c o ~ i c a t i o n s  relay) 
DPC. Data Processing Center 
DWGS Drawings 

ECLSS 
ECS 
EDS 
EGSE 
E l 1  
EM 
EMC 
EMI/RPI 
EPDS 
ERN0 
ESRO 

Environmental Control and Life Support System 
Environmental Control System 
Experiment Discipline Spec ia l i s t  
Electronic Ground Support Equipment 
End Item (hardware) 
Experiment Module 
Electromagnetic Compatibility 
Electromagnetic Interference/Radio Frequency Interference 
E lec t r i ca l  Power and Distribution System 
European consortium developing Spacelab 
European Space Research Organization 

v i i  
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FMEA 
FO 

GSE 
GSFC 

I C  
I C D  
I / F  
IMS 
INSP 
IP s 
I U  

JCL 
JSC 

KS C 

LL 
LS 

MCC 
MCP 
MDA 
MGT 
MIL-SPEC 
MSFC 
MSOB (O&C) 
MS S 
MF 

NASCOM 
NCR 

OBCO 
OCC 
O&C 
om 
OIT 
OMS 
ow s 
OPF 

P 
P I  
PS 
PSS 

QC 

R 
RAU 
R / I  
R&QA 

Fa i lu re  Mode E f f e c t s  Analysis 
F l igh t  Operations 

Ground Support Equipment 
Goddard Space F l i g h t  Center 

I n t e g r a t i o n  Center (sometimes i n f e r r e d  t o  be  MSFC) 
I n t e r f a c e  Control  Drawing 
In t e r f ace  
Information Management System 
Inspect ion 
Instrument Poin t ing  System 
Instrument Unit (Saturn V Program) 

Job Control  Language 
Lyndon B. Johnson Space Center 

John F. Kennedy Space Center 

Lower Limit 
Launch S i t e  

Mission Control  Center ( a t  JSC) 
Monitor and Control  Panel  
Mul t ip le  Docking Adapter (Skylab) 
Management 
Mi l i t a ry  Standard S p e c i f i c a t i o n  
Marshall  Space F l i g h t  Center 
Manned Spacecraf t  Operations Bldg (now Operat ions & Checkout) 
Modular Space S t a t i o n  
Mission Planning 

NASA Communications Network 
Non-Conformance Report 

On-Board Checkout 
Operations Control  Center ( a t  Spacelab u s e r ' s  s i t e )  
Operations & Checkout Building (formerly MSOB) 
Operat ional  Checkout Procedure 
Orb i t e r  I n t e g r a t e d  Test 
O r b i t a l  Maneuvering System (Shut t le )  
O r b i t a l  Workshop (converted S-IVB structure--Skylab) 
Orb i t e r  Processing F a c i l i t y  

P a l l e t  o r  P a l l e t  Sec t ion  
P r i n c i p a l  I n v e s t i g a t o r  
Payload Shroud (Skylab) 
Payload S p e c i a l i s t  S t a t i o n  

Quali ty  Control  

Rack o r  Rack S e t s  
Remote Acquis i t ion  Unit  
Receiving/Inspect ion 
R e l i a b i l i t y  and Qual i ty  Assurance 

v i i i  
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SPECS 
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STS 
SUIAS 
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U 
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ms 
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Spacecraft  105 (Apollo) 
System Cost Model 
Sys terns Engineering 
S c i e n t i f i c  Instrument Model 
Spacelab 
Support Module 
Spec i f i ca t ions  
Space S h u t t l e  Program 
Space Tracking and Data Network 
Space Transpor ta t ion  System 
Spacelab User Implementation Assessment Study 

Test  and Checkout Requirements 
Tracking and Data Relay S a t e l l i t e  
Test  and Operations 

User ( i n f e r r e d  t o  be Langley) 
Upper Limit 

Work Breakdown S t r u c t u r e  
Western Test  Range 
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1 .O INTRODUCTION 

One of t h e  primary uses of t h e  Space S h u t t l e  w i l l  be  t o  conduct s o r t i e  
missions wi th  t h e  Spacelab. The combination of the  S h u t t l e  and the  Spacelab 
w i l l  p l ace  t h e  advantages of economical space  opera t ions  wi th in  t h e  reach of  
many i n v e s t i g a t o r s  who would otherwise never  be  ab le  t o  p a r t i c i p a t e .  Major 
e f f o r t s  a r e  being expended by t h e  NASA t o  de f ine  and develop t h e  f l i g h t  hard- 
ware and ope ra t iona l  procedures f o r  t h e  Space Shu t t l e .  S imi lar  e f f o r t s  a r e  
being expended by t h e  NASA i n  conjunct ion wi th  t h e  ESRO a c t i v i t i e s  t o  develop 
a Spacelab t h a t  i s  compatible wi th  t h e  Space S h u t t l e  and w i l l  accommodate 
mul t ip l e  users  i n  conducting economical space  opera t ions .  This s tudy,  t h e  
"Spacelab User Implementation Assessment Study," was conducted t o  d e f i n i t i z e  
one aspec t  of t h e  user-Space Shuttle-Spacelab i n t e r r e l a t i o n s h i p ,  i n t e g r a t i o n  
and checkout a c t i v i t i e s .  

Langley Research Center i s  conducting s t u d i e s  of a s o r t i e  mission-compat- 
i b l e  Advanced Technology Laboratory (ATL) t h a t  is p a r t i c u l a r l y  s u i t e d  t o  
Langley's t e c h n i c a l  e x p e r t i s e  and research  endeavors. A Langley in-house s tudy 
(TM X-2813) n o t  only def ined  t h r e e  r e p r e s e n t a t i v e  ATL Spacelab payloads, bu t  
a l s o  i d e n t i f i e d  a b a s e l i n e  concept of experiment ownership and processing t h a t  
would provide an opportuni ty t o  develop low-cost approaches t o  t h e  i n t e g r a t i o n  
and checkout a c t i v i t i e s  t h a t  combine s i g n i f i c a n t  c o s t  savings and reduced 
cycle  time between experiment concept and d a t a  r e t u r n  from space. 

Figure 1.1-1 summarizes t h e  t h r e e  b a s e l i n e  ATL Spacelab payloads. The two 
primary c h a r a c t e r i s t i c s  of t h e  ATL payloads t h a t  make them i d e a l l y  s u i t e d  as the  
model f o r  t h e  s tudy are: (1) m u l t i p l e / d i v e r s e  technologica l  d i s c i p l i n e s ,  and 
(2) mu l t ip l e  Spacelab conf igura t ions .  The broad range of  experiment hardware 
and processing requirements a s soc ia t ed  with t h e  var ious  d i s c i p l i n e s  and t h e  com- 
p l e t e  Spacelab and pa l le t -only  Spacelab conf igu ra t ions  w i l l  f a c i l i t a t e  t h e  
assessment and app l i ca t ion  of t h e  s tudy r e s u l t s  by o t h e r  Shuttle-Spacelab users .  

U t i l i z i n g  t h e  base l ine  ATL experiments as t h e  Spacelab payload models and 
the  genera l ized  processing concept defined i n  TM X-2813, which emphasized the  
r e t e n t i o n  of ownership-cognizance-responsibili ty of experiment hardware by t h e  
p r i n c i p a l  i n v e s t i g a t o r s ,  t h i s  s tudy w a s  conducted t o  d e f i n i t i z e  a l t e r n a t e  
processing concepts.  The scope of t h e  a c t i v i t i e s  defined i n  t h i s  s tudy included 
mission opera t ions  a n a l y s i s  and requirements d e f i n i t i o n ,  i n t e r f a c e  hardware 
design and f a b r i c a t i o n ,  and both p r e f l i g h t  and p o s t f l i g h t  t e s t s  and opera t ions .  
Mission-unique, s u s t a i n i n g ,  and non-recurring resource requirements were der ived  
f o r  each of the  a l t e r n a t e  process ing  concepts.  The p o t e n t i a l  a p p l i c a b i l i t y  of 
each of t h e  concepts t o  t h e  genera l  Spacelab use r  comnunity, as  w e l l  as t h e  pre- 
f e r r e d  ATL approach, was a l s o  developed. 
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Figure 1.1-1. Baseline ATL Payloads 
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2.0 STUDY OBJECTIVES 

The overal l  objective of the  Spacelab User Implementation Assessment Study 
was t o  develop a l te rna te  in tegrat ion and checkout concepts f o r  Spacelab pay- 
loads i n  suf f ic ien t  d e t a i l ,  and supported by sound ground ru les ,  guidelines,  
f ac t s ,  and analyses, t o  a s s i s t  the NASA i n  i t s  def in i t ion  of and planning f o r  
Phases C and D of Spacelab operations. The overriding c r i t e r i a  i n  the  develop- 
ment of the  concepts were t o  minimize.both the  i n i t i a l  and recurring costs t o  
the NASA for  ground support equipment, f a c i l i t i e s ,  and personnel. 

The four primary objectives t ha t  were established t o  achieve the  overall  
study objectives were: (1) synthesis of candidate processing concepts, (2) 
derivation of in tegrat ion and checkout requi'rements and optimization of each 
of the  processing concepts, (3)  programmatic costing, and (4) evaluation of 
each concept t o  es tab l i sh  its po ten t ia l  appl icabi l i ty .  The key factors  and 
considerations associated with each primary objective a re  delineated below. 

SELECTION OF CANDIDATE CONCEPTS 

Concept Drivers. Ownership/cognizance of f l i g h t  hardware, and s i t e  of 
in tegrat ion a c t i v i t i e s  were determined t o  be the  two major fac tors  i n  defining 
a l te rna te  concepts. 

Processing Gptions. Maintaining cognizance of the  experiment hardware by 
the user,  and the  Space Shut t le  by the launch s i t e ,  and always performing 
Shuttle/Cargo integrat ion (Level I) a t  the  launch s i t e  s t i l l  resu l t s  in  243 
processing options of a complete Spacelab configuration. 

Candidate Concept Se Zection. Eight concept re ject ion ra t ionale  were f o m  
ulated based upon unacceptable combinations of ownership and integrat ion 
sequences. These ra t ionale  reduced the options t o  nine viable concepts. The 
data t ha t  would be generated i n  the  def in i t i za t ion  of some of the  viable  con- 
cepts would be s imilar  and, thus, a fu r ther  reduction t o  f i ve  prime candidates 
f o r  processing of a complete Spacelab configuration w a s  accomplished. Three 
comparable pallet-only configuration processing concepts were a l so  defined. 

REQUIREMENTS ANDOPTIMIZATIONS 

Tests and Operations. A checkout approach was formulated tha t  ref lected 
a progressive buildup of assembly leve ls  and minimized r e t e s t .  Only functional 
t e s t s  comparable t o  f l i g h t  a c t i v i t i e s  ( s e t  up, ca l ib ra te ,  and operate) and 
in te r face  ver i f ica t ion  t e s t s  were included. Use of on-board equipment capabil- 
i t i e s  was adopted i f  reduction in ground support equipment requirements resulted.  
A technique fo r  simultaneous software and hardware integrat ion w a s  defined. 
Hardware processing flows were developed tha t  minimized the  involvement times 
of Spacelab modules. 
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Supporting Functions. I d e n t i f i c a t i o n  and d e f i n i t i o n  of t h e  a n a l y s i s ,  
mission planning, design,  f a b r i c a t i o n ,  and t e s t  procedure / repor t  a c t i v i t i e s  
were developed. Primary and secondary r e s p o n s i b i l i t i e s  and manpower e s t ima tes  
t o  accomplish each a c t i v i t y  were derived.  Use of computer-aided analyses  and 
design was emphasized. 

Resource Requirements. Mission-unique, s u s t a i n i n g  and non-recurr ing 
resource requirements were derived.  A personnel  s t a f f i n g  approach w a s  developed. 
Administrat ive organiza t ions  were synthesized.  Travel ,  m a t e r i a l ,  t r a n s p o r t a t i o n ,  
documentation, sh ipping ,  and maintenance requirements were e s t ab l i shed .  GSE 
and f a c i l i t y  requirements were a l s o  defined. 

PROGRAMMATIC COSTING 

Mission-Unique. Cost e s t ima tes  f o r  personnel ,  m a t e r i a l s ,  t r a v e l ,  computer 
time, e t c . ,  t h a t  could be d i r e c t l y  a t t r i b u t e d  t o  a s p e c i f i c  f l i g h t ,  were 
developed. 

Sustaining. Cost e s t ima tes  f o r  personnel ,  maintenance, and i n s t i t u t i o n a l  
base  support were developed. 

Nun-Recurring. Cost e s t ima tes  f o r  personnel  t o  adapt an ope ra t iona l  
Spacelab t o  t h e  unique requirements of a user  and t h e  c a p i t a l  investments f o r  
GSE and f a c i l i t i e s  were developed. 

CONCEPT EVALUATIONS 

FZigkbRate Sens i t iv i t ies .  A parametr ic  eva lua t ion  of t h e  impact of 
f l i g h t  r a t e s  on Spacelab modules, GSE, f a c i l i t i e s ,  and pe r sonne l / s t a f f ing  - 
requirements w a s  conducted. 

Concept AppZicabiZitjj. Adoption of each process ing  concept by p o t e n t i a l  
Spacelab users  was evaluated.  Co-location of t h e  i n t e g r a t i o n  cen te r  and t h e  
launch s i te  was considered. Impl ica t ions  of Western Tes t  Range opera t ions  were 
examined. Spacelab suppor t  module ownership/cognizance a l t e r n a t i v e s  were a l s o  
evaluated.  
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3.0 SIGNIFICANT STUDY RESULTS 

This section presents a summary of the  more s ign i f ican t  r e su l t s  of the 
analyses of the  study. The subdivisions in t h i s  section correspond t o  the 
four primary objectives of the  study described i n  the  previous section. 

3.1 SELECTION OF CANDIDATE CONCEPTS 

In the development of.ground processing a l te rna t ives ,  numerous fac tors  
must be considered, but the  two primary drivers a r e  (1) t he  ownership of the  
f l i g h t  hardware and (2) the  integrat ion s i t e .  Ownership implies cognizance, 
configuration management, maintenance, and primary responsibi l i ty  f o r  the 
hardware. Performance of Level I (Orbiter/cargo), Level I1 (Spacelab), and 
Level 111 (experiment) integration a t  separate geographical locations w i l l  
d i rec t ly  influence the number and charac te r i s t ics  of the  processing options. 

Figure 3.1-1 i l l u s t r a t e s  the  two key dr ivers  and the  variables associated 
with each driver.  The three options considered f o r  each variable were (1) a 
user center (U). (2) integration center (IC), and (3) launch s i t e  (LS). In  
order t o  f a c i l i t a t e  the development of data pertaining t o  personnel t rave l ,  
shipping, and log i s t i c s  the three centers were assumed t o  be geographically 
separated. 

I I .MPERIm - - -  - - -  - ----I USER ONLY I 
OWNERSHIP RACKS IRI 

PALLET SECTIONS (PI 

SUPPORT MODULE & EXPERIMENT MODULE 
SHELL ISMI EM) 

INTEGRATION 
EXPERIMENTS (LEVEL I I I)  

SPACEUB (LEVEL I I)  

- -- 

Figure 3.1-1. Key Processing Alternative Considerations 

Two of the variables,  experiment ownership and Shut t le  integration s i t e  
were established as  user and launch s i t e ,  respectively. Langley's in-house 
study (TM X-2813) established the des i r ab i l i t y  of the Spacelab user retaining 
ownership of experiment hardware. Physical constraints d i c t a t e  tha t  Shuttle 
integration occur a t  the  launch s i t e .  The remaining f ive  variables coupled 
with the three options resu l t  in a 35 matrix of possible processing alterna- 
t ives  as depicted i n  Figure 3.1-2. 
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Table 3.1-1. Processing A l t e r n a t i v e .  Reject ion Rat ionale  

U U U  i 
u 
IC  
LS 

IC u 

1 IC 
LS 

LS U 

I IC  
LS 

IC  U 

The matr ix  of process ing  a l t e r n a -  
t i v e s  was reduced t o  n ine  by a p p l i c a t i o n  
of the  r e j e c t i o n  r a t i o n a l  of Table 3.1-1. 
The r a t i o n a l e  is based pr imar i ly  upon a 
l o g i c a l  progress ion  of assembly of and 
conf igura t ion  c o n t r o l  of t h e  f l i g h t  sys- 
tem. For example, i f  t h e  user  owns t h e  
SMIEM, i t  would b e  i l l o g i c a l  f o r  e i t h e r  

The n ine  remaining v i a b l e  process ing  opt ions  were f u r t h e r  reduced t o  f i v e  
(Figure 3.1-3) based upon t h e  s i m i l a r i t y  of t h e  da ta  t h a t  would be  generated 
and t o  achieve a broad spectrum of candidate  concepts (Figure 3.1-4). 

, 

i 

REJECT COMBINATIONS 
CALLING FOR 

SPLIT-OWNERSHIP OF R I P  

OTHER R I P  OWNERS 

LS AS  R I  P OWNER 

M P M T  INTEGRATION AT I C  

M P M T  INTEGRATION AT LS 

SPACELAB INTEGRATION OTHER 
THAN AT L S  

SPACELAB INTEGRATION OMER 
THAN AT OWNER'S SITE 

SPACELAB INTEGRATION O M R  
THAN AT LS 

b 

OWNERSHIP 

INTEGRATION 
SITE 

IC 

FOR CONCEPTS 
WHERE ... 

P 

USER I S  S M I E M  OWNER 

I C  I S  SMIEMOWNER 

LS I S  R I P  OWNER 

I C  I S  R I P  OWNER 

LS I S  S M l E M  OWNER 

ALL SPACELAB HARDWARE 
ISMIEM,  R I P  ISOWNED BY ONE 
CENTER) 

EXPERIMENT INTEGRATION I S  AT 
LS 

t h e  I C  o r  LS t o  own t h e  racks and p a l l e t s  
because t h e  SM/EM is  requi red  at a  h igher  w a b l e  order  f o r  of  t h e  assembly. u se r  t o  I t  be would respons ib le  be  unreason- f o r  

U - USER 
a hardware i t e m l i n t e g r a t i o n  l e v e l  a t  an 

U = INTEGRATION CEMER 
assembly l e v e l  t h a t  is g r e a t e r  than t h a t  

LS - M N C H  SnE of e i t h e r  t h e  I C  o r  LS. A similar 
r e l a t i o n s h i p  e x i s t s  between t h e  I C  and 

35 MA~RIX - 243 OPTIONS LS: ownership o r  i n t e g r a t i o n  by t h e  LS 
a t  any assembly l e v e l  precludes owner- 

Figure 3.1-2. Matrix of Process ing  s h i p  o r  i n t e g r a t i o n  by t h e  I C  at  a  
Al t e rna t ives  h ighe r  assembly l e v e l .  



Figure 3.1-3. Viable Complete Spacelab Processing Concepts 

Figure 3.1-4. Spectrum of Concepts 
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Table 3.1-2 summarizes t h e  f i v e  complete Spacelab process ing  concepts 
t h a t  w e r e d e f i n i t i z e d i n  t h i s  s tudy.  Three pa l le t -only  Spacelab process ing  
opt ions were a l s o  developed i n  t h e  s tudy and are summarized i n  Table 3.1-3. 
A s  t h e  s tudy progressed,  i t  became apparent  t h a t  t h e  t h r e e  pa l l e t -on ly  con- 
cepts  were comparable t o  t h r e e  of t h e  complete Spacelab concepts.  That i s ,  
s i m i l a r i t i e s  e x i s t  between Concepts 111 and V I ,  I1 and V I I ,  and I V  and V I I I .  

Table 3.1-2. Complete Spacelab Processing Concepts 

Table 3.1-3. pal let-Only Processing Concepts 

'SUPPORT SYSTEM IGLOO & EQUIPMENT 

CONCEPT 

VI 

V I I  

V l l l  

INTEGRATION SITE 

EXPMT EQUIP 

USER 

IC  

USER 

OWNER 

SPACEUB 

LS 

LS 

LS 

PALL0 

I C 

IC 

USER 

IGLW 

LS 

1s 

LS 



3.2 REQUIREMENTS AND OPTIMIZATIONS 

- The i n t e g r a t i o n  and checkout of  Spacelab payloads was subdivided i n t o  two 
major sets of a c t i v i t i e s :  (1) t e s t  and opera t ions ,  and (2) support  func- 
t i ons .  The t e s t  and opera t ions  a c t i v i t i e s ,  which p e r t a i n  s o l e l y  t o  t h e  process- 
i n g  of t h e  hardware through p r e f l i g h t  and p o s t f l i g h t  operations,wereoptimized 
t o  minimize involvement times of Spacelab modules. The suppor t ing  func t ions ,  
which inc lude  opera t ions  a n a l y s i s ,  mission planning,  i n t e g r a t i o n  and checkout 
requirements d e f i n i t i o n ,  and design and f a b r i c a t i o n  of i n t e r f a c e  hardware were 
optimized t o  achieve a manageable s teady-s ta te  personnel  s t a f f  and minimize 
r e s p o n s i b i l i t y  t r a n s f e r  between centers .  Resource requirements f o r  both  major 
a c t i v i t i e s  were derived and inc lude  personnel  as w e l l  a s  suppor t  s e n r i c e  
requirements. 

TEST AND OPERATIONS 

The b a s i c  guide l ines  used i n  t h e  s y n t h e s i s  of t h e  test and opera t ions  
sequences f o r  a l l  candidate  processing concepts a r e  summarized i n  Figure 3.2-1. 

f 

OPTIMIZATION FACTORS 
VERIFY EXPERIMENT STRUCTURE FOR 

SETUP PI/CREW ORIENTATION 

CALI BRATION MINIMUM RETEST 
ON-LINE F L E X I B I L I T Y  

OPERATION MISSIOFI-TO-MISSION FLEXIBIL ITY 

s 

PRIMARY CHECKOUT PROVISIONS 

C/O OPERATIONS SIMILAR TO FLIGHT OPERATIONS 
INTEGRAL CHECKOUT/MISSION PROG. DEVELOPMENT 

*INTEGRATED SOFTWARE/HARDWARE VERIFICATION 
*MAXIMUM USE OF FLIGHT SOFWARE 
*ADAPTIVE PROGRAMMING APPROACH 

Figure 3.2-1. Checkout Guidelines 

It was assumed t h a t  t h e  performance c a p a b i l i t y  of t h e  experiments was v e r i f i e d  
p r i o r  t o  r e c e i p t  of t h e  experiment hardware a t  t h e  Level 111 i n t e g r a t i o n  s i t e .  
Thus, t h e  ob jec t ive  duringLeve1 I I I i n t e g r a t i o n  w a s  t o  v e r i f y  t h a t  experiments 
could be s e t  up, ca l ib ra t ed ,  and operated both ind iv idua l ly  and i n  planned com- 
b i n a t i o n s  a f t e r  i n s t a l l a t i o n  of equipment i n  racks and/or on p a l l e t  s ec t ions .  
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Optimization f a c t o r s  i n  t h e  development of the test and opera t ions  
sequences included t h e  d i r e c t  p a r t i c i p a t i o n  of t h e  PI/payload s p e c i a l i s t  crew 
members. This approach would provide t h e  payload s p e c i a l i s t s  w i th  t h e  oppor- 
t u n i t y  t o  become more i n t i m a t e l y  f a m i l i a r  wi th  the  f l i g h t  hardware a s  w e l l  a s  
enhance checkout opera t ions  by having t h e  personnel  most knowledgeable about 
the  experiments a c t i v e l y  p a r t i c i p a t i n g  i n  the  checkout. 

One of the primary c o n t r i b u t o r s  t o  t h e  dura t ion  of checkout a c t i v i t i e s  of 
aerospace hardware i s  r epea t  t e s t i n g .  Previous manned space programs exh ib i t ed  
two c h a r a c t e r i s t i c s  t h a t  warranted t h e  r e p e t i t i v e  t e s t i n g :  (1) i n  gene ra l ,  
these  previous programs were developmental i n  na tu re ;  and (2) t h e  major i ty  of 
the  spacec ra f t  equipment was crew sa fe ty - re l a t ed .  During t h e  S h u t t l e  e r a ,  both 
the  Space S h u t t l e  and t h e  Spacelab w i l l  be  ope ra t iona l  c a r r i e r s  t h a t  provide 
s tandardized  and repea table  support  t o  payloads. Crew s a f e t y  provis ions  w i l l  
have been v e r i f i e d  and only f u n c t i o n a l  checkout w i l l  be  required.  Although 
crew s a f e t y  is a prime c r i t e r i o n  i n  design of payloads, t h e  payloads themselves 
a r e  n o t  crew s a f e t y  equipment. Thus, repea t  t e s t i n g  of payload equipment and 
i n t e r f a c e s  between payloads and t h e  Spacelab and/or t h e  S h u t t l e  was n o t  included 
i n  the checkout sequences developed i n  t h i s  s tudy.  The c a p a b i l i t y  of payload 
recovery and r e f l i g h t  a l s o  permi ts  a  r e l a x a t i o n  i n  payload t e s t i n g  requirements 
i n  t h e  Shuttle-Spacelab e r a .  

F l e x i b i l i t y  of checkout opera t ions  i s  a l s o  required.  I f  r e s o l u t i o n  of 
d iscrepancies  o r  incorpora t ion  of r ev i s ions  cannot be accommodated on-l ine,  
then a  dupl ica t ion  of e f f o r t  and a d d i t i o n a l  processing time would r e s u l t .  The 
co r rec t ive  ac t ion/modif ica t ion  would f i r s t  be v e r i f i e d  o f f - l i n e ,  then imple- 
mented and v e r i f i e d  on-line. This  s i t u a t i o n  i s  p a r t i c u l a r l y  a p p l i c a b l e  t o  
software.  By us ing  adapt ive  programming and real- t ime e d i t i n g ,  both on-line 
and mission-to-mission f l e x i b i l i t y  can be achieved. 

I f  t h e  primary checkout provis ions  of Figure 3.2-1 a r e  inc luded,  t h e  
o b j e c t i v e  and opt imizat ion f a c t o r s  can be r ea l i zed .  The adopted checkout 
approach should e s s e n t i a l l y  d u p l i c a t e  planned f l i g h t  opera t ions .  That i s ,  t h e  
checkout a c t i v i t i e s  should r e f l e c t  the  planned f l i g h t  a c t i v i t i e s .  This 
approach is appl icable  t o  bo th  software and hardware v e r i f i c a t i o n .  As t h e  
checkout approach s imula tes  f l i g h t ,  in tegra tedls imul taneous  software-hardware 
v e r i f i c a t i o n  i s  achieved. Also, sof tware  unique t o  checkout a c t i v i t i e s  should 
be minimal; the  a c t u a l  f l i g h t  software should be  adequate f o r  most checkout 
a c t i v i t i e s  and maximum use of i t  should be made. The d e s i r e d  f l e x i b i l i t y  i n  
accommodating changes i n  t h e  manual opera t ions  of equipment can be  accomplished 
by procedural changes. An adapt ive  programming approach is requi red  t o  achieve 
t h e  same f l e x i b i l i t y  with software.  

Figure 3.2-2 i l l u s t r a t e s  t h e  checkout a l t e r n a t i v e s .  Nei ther  manual no r  
automatic operat ions of t h e  on-board systems a r e  p r a c t i c a l .  Manned opera t ions  
would be too time-consuming. T o t a l  automation would r e s u l t  i n  excessive hard- 
ware and software c o s t s  and a l l  bu t  preclude f l e x i b l e  opera t ions .  Also, t h e  
manual and automatic approaches a r e  not  r ep resen ta t ive  of t h e  a n t i c i p a t e d  
f l i g h t  operat ions.  A mixture of  manual and automated ope ra t ions  (computer- 
a ided)  w l l l  be t h e  nominal approach f o r  f l i g h t  opera t ions .  

The primary f a c t o r  i n  implementing a  computer-aided approach is t h e  capa- 
b i l i t y  of t h e  Spacelab on-board d a t a  management system. Evaluat ion of t h e  
cu r ren t ly  defined d a t a  management c a p a b i l i t y  of t h e  Spacelab i n d i c a t e s  t h a t  



one computer i s  dedicated t o  support  system opera t ions ;  a second computer is 
a l loca ted  s o l e l y  f o r  payload opera t ions ;  a t h i r d  computer is a v a i l a b l e  i n  a 
standbylbackup mode f o r  e i t h e r  o f  t h e  dedicated computers. The computers a r e  
i n  the  support module i n  t h e  complete Spacelab conf igura t ion ,  and in the  sys- 
tems ig loo  in the  pal let-only configurat ion.  The capaci ty  of these  computers 
t o  handle t h e i r  assigned opera t ions  is more than adequate. Even with an allow- 
ance f o r  unique checkout requirements over and above t h e  "set up, c a l i b r a t e ,  
operateT'  funct ions  of f l i g h t ,  t h e r e  i s  s t i l l  s i g n i f i c a n t  design margin i n  t h e  
computers f o r  growth of requirements. 

pfq 
EQU MENT 
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Figure 3.2-2. Alternate Checkout Impl ica t ions  

U s e  of t h e  on-board d a t a  management system during in t eg ra ted  Spacelab 
opera t ions  is f e a s i b l e  and p r a c t i c a l .  However, use  of t h e  f l i g h t  hardware 
during Level I11 i n t e g r a t i o n  w i l l  appreciably inc rease  the  involvement time of 
Spacelab modules and thus the  required complement of modules t o  support  t he  
Spacelab t r a f f i c  model. A similar S h u t t l e  problem w i l l  exist i f  compat ib i l i ty  
between t h e  Spacelab and t h e  S h u t t l e  w e r e  postponed u n t i l  a c t u a l  matinglassembly 
of t h e  Shuttle/Spacelab. Therefore, t h e  use  of s imula tors  was evaluated. 

Although general-purpose equipment (computers) could and should be used 
f o r  the  development of t h e  checkou t l f l igh t  software,  v e r i f i c a t i o n  and in tegra-  
t i o n  of t h e  software and hardware should be conducted on dedicated,  configur- 
at ion-control led equipment. Regardless of t h e  loca t ion  of t h e  s imula tors ,  t h e  
conf igura t ion  con t ro l  should be  maintained by t h e  "owner" of t h e  f l i g h t  hard- 
ware be ing  simulated. In t h i s  manner, t h e  checkout s imula tors  w i l l  remain 
t h e  equivalent  of the  f l i g h t  hardware; both t h e  u s e r  of t h e  s imula tor  and the  
owner of t h e  f l i g h t  hardware being simulated w i l l  be conf ident  t h a t  upon 
assembly of t h e  f l i g h t  hardware, compat ib i l i ty  w i l l  exist and only i n t e r f a c e  
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v e r i f i c a t i o n  i s  required.  This approach w i l l  preclude t h e  requirements f o r  
development of unique software f o r  checkout u t i l i z i n g  general-purpose equip- 
ment; t h e  checkout software w i l l  a c t u a l l y  be t h e  f l i g h t  software.  

The development and v e r i f i c a t i o n  of t h e  checkout / f l ight  sof tware  f o r  
Level 111 i n t e g r a t i o n  a c t i v i t i e s  i s  i l l u s t r a t e d  i n  Figure 3.2-3. In  those  
cases where software is  d e s i r a b l e ,  the  p r i n c i p a l  i n v e s t i g a t o r  can develop a 
requirements package and convert  t h i s  package t o  a modular sof tware  package 
i n  an o f f - l i ne  computer. The necessary s e r v i c e s  from t h e  support  systems can 
be  in t eg ra t ed  wi th  t h e  experiments requirements i n  t h e  same manner. The base- 
l i n e  checkout / f l ight  t apes  f o r  each experiment a r e  incorpora ted  i n t o  t h e  
Spacelab da ta  management s imula tor  f o r  Level I11 i n t e g r a t i o n  a c t i v i t i e s .  A 
real- t ime e d i t o r  c a p a b i l i t y  i s  a l s o  recommended t o  provide t h e  des i r ed  in - l ine  
f l e x i b i l i t y .  

Figure 3.2-3. Level 111 I n t e g r a t i o n  Modular Software Development 

The checkout approach s e l e c t e d  i n  t h i s  s tudy u t i l i z e s  t h e  PI/payload 
s p e c i a l i s t s  during t h e  t e s t s  and opera t ions ;  these  personnel  a c t u a l l y  conduct 
t h e  t e s t s .  Their e x p e r t i s e  i s  u t i l i z e d  and, a t  t h e  same time, f l i g h t  opera- 
t i o n s  t r a i n i n g  and f a m i l i a r i z a t i o n  can be accomplished. With t h i s  approach, 
a mission o r  t r a i n i n g  s imula to r  is not  recommended. 

Based upon the  checkout approach de l inea ted  above, a d e t a i l e d  sequence of 
t e s t  and opera t ions  was developed. Figure 3.2-4 d e p i c t s  t h e  methodology used. 
Funct ional  block diagrams were prepared f o r  each of the  process ing  concepts.  
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Each block was expanded at l e a s t  two a d d i t i o n a l  l e v e l s  of d e t a i l .  Ac t iv i ty  
d a t a  shee t s  were prepared f o r  each expanded block,  t h a t  d e f i n i t i z e  each s t e p  
i n  t h e  processing of the hardware, and inc lude  time e s t ima tes  f o r  each a c t i v i t y .  
These time e s t ima tes  were summarized i n t o  an in t eg ra t ed  flow plan recognizing 
p r a c t i c a l  overlap and p a r a l l e l  a c t i v i t i e s .  

TEST d, OPERATIONS FLOW CHARTS 

Table 3 .2 -1  summarizes t h e  ::erial processing time from i n i t i a t i o n  of 
Level I11 i n t e g r a t i o n  through p o s t f l i g h t  refurbishment f o r  t h e  complete 
Spacelab conf igura t ion .  Table 3 . 2 - 2  presen t s  comparable da ta  f o r  t h e  p a l l e t -  
only configurat ion.  A l l  time e s t ima tes  a r e  based upon a s i n g l e  eight-hour 
sh i f t l f i ve -day  work week. The nominal processing time f o r  t h e  concepts is 
about s i x  ca lendar  months. Concepts 111 and V I  requi red  the  longes t  period 
f o r  processing t h e i r  r e spec t ive  conf igura t ions  because of t h e  second post- 
f l i g h t  shipment a f t e r  refurbishment of the Spacelab modules (= 6 days).  
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'CONCEPTS I AND V ONLY 

Table 3.2-1- Summary of  T&O Times f o r  the Complete Spacelab Processing ConceDts 

Table 3.2-2. Summary of T&O Times f o r  Pallet-Only Processing Concepts 
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SUPPORTING FUNCTIONS 

I n  order  t o  e s t a b l i s h  and de f ine  t h e  requi red  mission-unique support 
func t ions ,  a d e t a i l e d  task-or ien ted ,  work breakdown s t r u c t u r e  (WBS) was 
constructed.  Figure 3.2-5 p resen t s  the  composite WBS f o r  t h e  i n t e g r a t i o n  and 
checkout of a Spacelab payload. The primary mission-unique support funct ions  
a r e  summarized i n  the  Mission Analysis and PZanning, Mission,Cperations, and 
System Engineering blocks.  Each subdiv is ion  of these  blocks was f u r t h e r  
expanded t o  a t  least one lower l e v e l  of d e t a i l .  Except f o r  t h e  -50 Test  and 
Operations e n t r y ,  a l l  t a sks  a s soc ia t ed  with t h e  Experiment Integration & 
Checkout, Spacelab Integration,  and Orbiter Cargo Integration blocks were 
a l s o  considered t o  be mission-unique suppor t ing  funct ions .  Mission-unique 
support  s e r v i c e s  such as  personnel  t r a v e l ,  sh ipping ,  computer run time, 
a c q u i s i t i o n  of i n t e r f a c e  hardware m a t e r i a l s ,  and pub l i ca t ion  cos t s  a r e  grouped 
under the heading of Program aperations Support. Support assoc ia ted  with t h e  
administer ing of the  program ( sus t a in ing  e f f o r t )  is grouped under the  Program 
Management heading. I n  o rde r  t o  complete t h e  WBS, t h e  Ground Support Equip- 
ment and FaeiZit ies headings,  which p e r t a i n  p r imar i ly  t o  non-recurring c a p i t a l  
investments ,  were a l s o  included. 
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Each i d e n t i f i e d  t a sk  of t h e  mission-unique support funct ions  was evalu- 
a t ed  t o  determine the requi red  e f f o r t  and t h e  i n t e r r e l a t i o n s h i p  of t h e  t a sks .  
A ground r u l e  i n  the  es t imat ion  of the  manpower requi red  t o  perform a t a s k  
was t h a t  the b a s i c  e f f o r t  was t h e  same rega rd le s s  of t h e  cen te r  performing 
the  task.  Thus, the v a r i a t i o n  i n  e f f o r t  between processing concepts f o r  a  
given t a sk  was dependent s o l e l y  upon t h e  number of cen te r s  involved and t h e  
r e s u l t a n t  coordinat ion,  review, and approval  required.  

I n  order t o  e s t a b l i s h  primary, secondary, andlor  suppor t ing  e f f o r t s  f o r  
each t a sk ,  r e s p o n s i b i l i t y  assignment c r i t e r i a  were developed. These c r i t e r i a  
a re  summarized i n  Figure 3.2-6. The two main themes of t h e  c r i t e r i a  a r e  
(1) maintenance of owner cognizance and r e s p o n s i b i l i t y ,  and (2) conffgura t ion  
cont ro l .  As pointed out  i n  the  development of t h e  checkout approach, t h e  P I /  
payload s p e c i a l i s t  a c t i v e l y  p a r t i c i p a t e s  i n  t h e  t e s t  and opera t ions .  These 
personnel  maintain cognizance and r e s p o n s i b i l i t y  f o r  t h e i r  experiments and - 
experiment hardware throughout t h e  processing cycle.  This same ownership- 
cognizance-responsibi l i ty  r e l a t i o n s h i p  i s  app l i cab le  t o  a l l  o the r  i tems of 
f l i g h t  hardware. 

MAXIMUM PllUSER 
INVOLVEMENT 

CONTROL BY OWNER OF 
NEXT LEVEL OF 

ASSY. u 
INSTALLATION S IT 

PROVIDES WORKING CREW: STRUCTURE FOR 
CONTINUING 

ATL PAYLOADS 

SOFTWARE PREPARED MODULE OWNER 
BY EXPERIMENT PROVIDES HARDWARE 

MODIFICATIONS 

SITES OPERATED BY INVENTORY BY OWNER 
EXPERIMENT INTEGRATOR OF NEXl LEVEL 

Figure 3.2-6. Respons ib i l i t y  Assignment C r i t e r i a  
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Configuration control  is considered t o  be equally important i n  achieving 
maximum efficiency of operations i n  continuing programs such as the  ATL, 

. Spacelab, and Space Shuttle. The center responsible f o r  the higher order of 
assembly must exercise configuration control  on a l l  in terfaces  with lower 
order assemblies because only t h i s  center has the perspective and v i s i b i l i t y  
t o  ascertain the e f f ec t s  of in te r face  variances on subsequent f l i g h t  hardware. 
Also, as the assembly leve l  increases, the schedule c r i t i c a l i t y  increases. 
The center responsible f o r  the assembly of f l i g h t  hardware o r  software elements 
must be confident t ha t  compatible interfaces  w i l l  ex i s t .  It is believed tha t  
t h i s  confidence can be achieved by the proposed configuration control  technique. 

One exception t o  the  continuity of involvement is the use of technicians. 
Because of the inevitable differences i n  some of the ground support equipment, 
procedures, f a c i l i t i e s ,  and organized labor agreements i t  is recommended that  
only loca l  technician help be planned. 

A compliation of t he  required man-months of e f f o r t  t o  perform the mission- 
unique tasks associated with one f l i g h t  is presented i n  Table 3.2-3. Because 
of t he  interrela t ionship between hardware processing a c t i v i t i e s  and the t e s t  
procedures and reports preparation, both supporting function and t e s t  and oper- 
a t ions  e f f o r t s  are included i n  the  "Experiment Ins ta l la t ion  and Checkout," 
I T  Spacelab Integration," and "Cargo Integration" headings. 

Table 3.2-3. Mission-Unique Manpower Estimates - Per Mission (Man-Months) 
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Only very minor d i f f e rences  i n  requi red  manpower e f f o r t  were i d e n t i f i e d  
t o  i n t e g r a t e  and check out the  two Spacelab conf igura t ions  (complete Spacelab 
and pa l l e t -on ly ) .  Therefore,  t h e  e s t ima tes  f o r  comparable process ing  concepts 
f o r  t h e  two conf igura t ions  were defined as be ing  t h e  same. 

The v a r i a t i o n  i n  requirements  between concepts r e f l e c t s  t h e  number of 
centers  involved, which would be expected. However, t h e  d i f f e r e n c e  between 
concepts i s  n o t  s i g n i f i c a n t .  Although the  d i f fe rences  a r e  a . c o n s i d e r a t i o n  i n  
concept s e l e c t i o n ,  they a r e  not  a d iscr iminator .  

I n  order  t o  develop t h e  personnel  s t a f f i n g  requirements,  t h e  mission- 
unique t a sks  were assembled i n  a l o g i c  flow diagram as  i l l u s t r a t e d  in  Figure  
3.2-7 .  Evaluatton of the  t a s k  flow diagram indica ted  t h a t  t h e r e  were t h r e e  
major phases t o  t h e  i n t e g r a t i o n  and checkout cycle:  a n a l y s i s ,  design and 
f a b r i c a t i o n  of i n t e r f a c e  hardware, and t e s t  and opera t ions .  I f  only a s i n g l e  
payload were considered, personnel  s t a f f i n g  could be i n t e n t i o n a l l y  s i z e d  t o  
minimize t h e  t o t a l  i n t e g r a t i o n  and checkout durat ion.  This approach would 
r e s u l t  i n  approximately n ine  months f o r  t h e  a n a l y s i s  and d e s i g n f f a b r i c a t i o n  
tasks  and a nominal six-month du ra t ion  f o r  t h e  t e s t  and opera t ions  t a sks .  
Fur ther  decreases i n  the tests and opera t ions  t a s k s  a r e  n o t  p r a c t i c a l ;  only 
s o  many personnel  can work on a given s e t  of hardware a t  any one time. 

MISSKIN-UNIQUE TASK FLOW 

0 

SINGLE PAYLOAD OPTIMIZATION MULTIPLE PAYLOAD OnlMlZATlON 

MNrnWER I y z  w N p w E R j + ~ - z  0 
TIME TIME 

Figure 3.2-7,. Manpower U t i l i z a t i o n  Approach 
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In a continuing program such a s  the  ATL, the  shor tes t  ground operations 
duration i s  not necessari ly the most e f f i c i e n t  approach. Maximum u t i l i z a t i o n  
of the assigned s t a f f  is the most cost-effective approach. Trade s tud ies  
indicated tha t  i f  the  analysis tasks and the  design/fabrication tasks were 
intent ional ly  scheduled t o  equal t he  six-month duration of the  t e s t s  and 
operations tasks,  and the  s t a f f i n g  were sized t o  r e f l ec t  t h i s  scheduling, 
then an optimized use of personnel could be achieved. lhis optimization was 
based upon s k i l l  codes (operations analyst ,  systems engineer, designer, pro- 
granuner, e tc . ) ,  not j u s t  man-levels. 

Figure 3.2-8 i l l u s t r a t e s  the  preferred personnel s t a f f i ng  approach f o r  a 
program tha t  has a f l i g h t  r a t e  of two per year. Each phase of the  integrat ion 
and checkout cycle is scheduled f o r  six months. One f l i g h t  w i l l  occur every 
s i x  months. By cycling the  personnel associated with each phase t o  a subse- 
quent mission, gainful  u t i l i z a t i o n  of manpower can be realized.  In  any six- 
month period, a l l  three phases a r e  accomplished but each phase per ta ins  t o  a 
d i f fe ren t  f l i gh t .  The work accomplished i n  any calendar year is equivalent 
t o  the processing e f f o r t  required f o r  two payloads. But actual ly ,  four  
payloads a r e  involved; three  a r e  i n  process a t  any given t i m e ,  and the  t o t a l  
cycle time f o r  any one payload is 18 months. 

I 6MO. 6MO. 6MO. 

f 

.TOTAL INTEGRATION CYCLE - 18 MONTHS 

.THREE PAYLOADS IN PROCESS S IMOLTANEOUSLY 

.ESTIMATE MANPOWER ON 6-MO. TASK DURATION 

Figure 3.2-8. Optimized U s e  of Hanpower 
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RESOURCE REQUIREMENTS 

S t a f f i n g  requirements f o r  mission-unique and s u s t a i n i n g  func t ions ,  
manpower requirements f o r  non-recurring a c t i v i t i e s ,  and ground suppor t  
equipment and f a c i l i t y ,  requirements a r e  de l inea ted  below. 

Personnel 

Eased upon the  optimized approach f o r  t h e  use  of personnel ,  descr ibed  
previously,  t h e  r e s u l t a n t  man-level requirements f o r  t h e  performance of a l l  
the  mission-unique t a s k s  a r e  presented i n  Table 3.2-4. I n  some cases  i t  
was n o t  p r a c t i c a l  t o  u t i l i z e  a l l  of t h e  personnel  of a p a r t i c u l a r  s k i l l  code 
on a fu l l - t ime b a s i s  f o r  only two f l i g h t s  pe r  year.  User part- t ime h e l p  could 
cons i s t  of the  des igners ,  programmers, and t e s t  personnel  a s soc ia t ed  wi th  t h e  
development of t h e  experiment hardware. In  f a c t ,  t h i s  use of hardware develop- 
ment personnel  w i l l  expedi te  the i n t e g r a t i o n  and checkout t a s k s  because of 
t h e i r  e x p e r t i s e  with t h e  experiment hardware and software. Part- t ime personnel  
l i s t e d  f o r  t h e  i n t e g r a t i o n  c e n t e r  and launch s i te  could b e  shared  w i t h  o t h e r  
Spacelab users .  This sha r ing  of personnel  is a l s o  advantageous because i t  
f o s t e r s  c ross-corre la t ion  of procedures,  assembly and checkout techniques,  
and problem so lu t ions  between Spacelab users .  

Table 3.2-4. Mission-Unique Personnel  Requirements (Two F l i g h t s  Per  Year) 
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Sus ta in ing  manpower requirements were developed by synthes iz ing  
organiza t ions  f o r  t h e  va r ious  centers .  Figures 3.2-9, 3.2-10 and 3.2-11 
p resen t  an o rgan iza t iona l  s t r u c t u r e  f o r  each of the  involved centers .  As 
the tasks  vary a t  t h e  cen te r s  f o r  t h e  var ious  concepts,  t h e  appropr ia te  
v a r i a t i o n s  wi th  concept a r e  i d e n t i f i e d  on t h e  f igures .  
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Figure 3.2-9. User Center Sus ta in ing  Organization 
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Attributing the  e n t i r e  sustaining organizations t o  the  integrat ion and 
checkout a c t i v i t i e s  associated with two f l i g h t s  per year i s  unreal is t ic .  
Therefore, a pro-ration of the susta ining organization was applied. Table 
3.2-5 summarizes the  pro-rations. 

Table 3.2-5. se lec t ive  Proportion of Supporting Personnel Costs 

USER CENTER 

PROGRAM OFFICE DIRECIS INKGRATION. ADVANCED MISSION 
PLANNING. AND MPERIMNT DMLOPMENT 

ADMINISTRATIVE STAFF SUPPORTS ALL ACTIVITIES OF PROGRAM N I C E  

P I  I P L  SPECIALISTICREW DIRECTLY CONIRIBUTES TO ADVANCED M I S S l M  
AND MPER IMENT DMLOPMENI 

DISCIPLINE SPEClALlSTS 

ALL EXCfPT PL PROJECT MANAGERS UPWRTS UP TO 24 SPACEUB 

ALL EXCEPT TECHNICAL STAFF ORGAWIUTION SUPPORTS UP TO 24 SPACEUB 
FllGHlS PER YEAR 

PAYLOAD PROJECT MANAGERS EACH PClSMlEM AT LS 2 MDNMS 

CARGO PROJECT MANAGERS EACH SPACELAB AT LS 1 5  M M H S  

Application of the  pro-rations t o  each of the  organizations f o r  each 
processing concept provides a manpower e s t h t e  t ha t  i s  a t t r ibu tab le  t o  a 
two-flight-per-year program such a s  the  ATL (Table 3.2-6). Although the  pro- 
ra t ions  were based upon a f l i g h t  r a t e  of two per year, t h e  organizations a r e  
essen t ia l ly  insens i t ive  t o  f l i g h t  ra te .  Therefore, susta ining manpower 
requirements a r e  on a yearly bas i s  ra ther  than a per-mission basis.  

Al l  previously presented data were applicable t o  the  accomplishment of 
in tegrat ion and checkout a c t i v i t i e s  associated with an on-going program. 
Operational Space Shut t le  and Spacelab programs were assumed. It w a s  a l so  
assumed tha t  the development of the  operational Shuttle/Spacelab program 
would include general l og i s t i c s  plans, payload design c r i t e r i a ,  f l i g h t  hard- 
ware maintenance and refurbishment plans, in te r face  control  documentation, 
t e s t  and val idat ion procedures, and other general-purpose a ids  t o  the  Spacelab 
user. But even with t h i s  l i b r a ry  of data, each user center w i l l  require some 
i n i t i a l  nm-recurring e f f o r t  t o  incorporate and implement the generalized 
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opera t ions  documentation t o  t h e  s p e c i f i c  and unique app l i ca t ions  of t h a t  u se r .  
Manpower es t imates  t o  achieve t h i s  conversion of documentation t a i l o r e d  t o  an 
ind iv idua l  u s e r  a r e  presented i n  Table 3 .2 -7  f o r  each of t h e  process ing  concepts.  

Table 3.2-6.  Pro-Rated Yearly Sus ta in ing  Requirements 
'Itro F l i g h t s  Per  Year 

(Man-~onths) 

SKILL 
CONCEPT 

DIRECTCflS 

MANAGERS 

TECH SPECIALIST 

ADMINISTRATORS 

SECIMARIES 

TOTALS 

I I l l  b V l l  I I l l  h V I  1 I V  k V l l l  

U I C  L S I U  IC L S I U  I C  L S I U  1s 

I I I 

Table 3.2-7. User-Unique Non-Recurring Manpower Requirements 
(Man-Months) 

EXPERIMENT D E I G N  C R I E R I A  

GSEIFACIL IN  R E W i R E W N l S  

OPERATING INSIRUCllONS 

EWIPMD(I SPECIFICATIONS 

REPAIR & R E F U R B I S H W  S W W A R E  

1ESllVALIDATION S m W A R E  

RELIABILITY SPECIIICATIOUS 

SAFCIY STANDARDS 
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The differences between concepts can be a t t r ibu ted  t o  the de l t a  e f f o r t  associ- 
ated with the derivation of GSE and f a c i l i t y  requirements and the subsequent 
s i t e  activation i n  those concepts where t e s t s  and operations occur a t  the  
user 's  s i t e .  These same a c t i v i t i e s  are  not shown in Concepts I and II/VII 
because the development of t he  operational Shuttle and Spacelab includes these 
GSE/facility re la ted a c t i v i t i e s  a t  MSFC (integration center) and KSC (launch 
s i t e ) .  

Ground Support Equipment 

The methodology used t o  iden t i fy  the ground support equipment (GSE) 
requirements is depicted i n  Figure 3.2-12. A t o t a l  of 65 d i f fe ren t  end items 
of GSE tha t  may be developed by ESRO were ident i f ied.  An addit ional 27 end 
items of GSE that  must be supplied by the NASA were a lso ident i f ied.  

Figure 3.2-12. GSE Quantity Development 

Each t e s t  and operational functional block ( 1  through 22) was analyzed 
to determine the required GSE. Caravaning of GSE between integration s i t e s  
was evaluated. The complement of GSE required a t  each s i t e  f o r  each process- 
ing concept was derived. The composite number of end items for  each concept 
is presented i n  Table 3.2-8. As only a few items were considered reasonable 
candidates for  caravaning between s i t e s ,  the variations between concepts 
r e f l ec t  the number of s i t e s  involved in f l i g h t  hardware processing. 
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Table 3.2-8. ATL Program GSE Requirements Sumary  

The a d d i t i o n a l  GSE requi red  t o  handle and assemble t h e  SM/EM and racks  
accounts f o r  t h e  d i f f e rences  between t h e  complete Spacelab and pa l le t -only  
Spacelab processing concepts.  But the  complement of complete Spacelab GSE i s  
a l s o  capable of accommodating t h e  pa l le t -only  Spacelab except  f o r  two i tems:  
a  s imulated payload s p e c i a l i s t  s t a t i o n  at  t h e  Level 111 i n t e g r a t i o n  site,  and 
systems ig loo  handling equipment a t  t h e  launch s i t e .  Addition of t h e s e  two 
items t o  t h e  complete Spacelab GSE complements w i l l  permit t h e  in termixing  of 
t h e  two Spacelab conf igura t ions  i n  Concepts 11, 111 and IV.  

F a c i l i t i e s  

A t e s t  and opera t ions  scena r io  was developed f o r  each processing concept,  
as  i l l u s t r a t e d  i n  Figure 3.2-13, t o  determine t h e  f a c i l i t y  requirements a t  
each s i t e .  Time-phasing wi th in  a  f a c i l i t y  was considered i n  t h e  determinat ion.  
Table 3.2-9 summarizes t h e  square-footage requirements f o r  each site f o r  each 
concept. Evaluation of t h e  c u r r e n t l y  planned modif ica t ions  of Building 4755 
a t  MSFC i n d i c a t e s  t h a t  a l l  i n t e g r a t i o n  cen te r  requirements i d e n t i f i e d  i n  
Table 3.2-9 a r e  more than adequately f u l f i l l e d .  S imi l a r ly ,  t h e  planned modi- 
f i c a t i o n s  t o  the  MSOB (OW) and t h e  planned Orbi te r  Processing F a c i l i t y  a t  
KSC w i l l  accommodate a l l  launch s i t e  requirements i d e n t i f i e d  i n  Table 3.2-9. 

Evaluation of e x i s t i n g  f a c i l i t i e s  at Langley Research Center i n d i c a t e d  
t h a t  Building 1293A could be  modified t o  f u l f i l l  a l l  u s e r  requirements i d e n t i -  
f i e d  i n  the  t a b l e  except  t h e  opera t ions  con t ro l  cen te r  (OCC). I n  a l l  concepts,  
an allowance was made f o r  an OCC of about 2400 square f e e t  a t  t h e  u s e r ' s  s i t e  
t o  provide real-time mission suppor t  c a p a b i l i t y .  The OCC need n o t  be a  new 
bui ld ing .  A s u i t a b l e  a r e a  i n  an e x i s t i n g  bu i ld ing  could be u t i l i z e d  f o r  t h i s  
funct ion .  The major i tem as soc ia t ed  with t h e  OCC is t h e  i n s t a l l a t i o n  of a  
DOMSAT ground s t a t i o n .  Trade s t u d i e s  ind ica t ed  t h a t  t h e  most cos t - e f f ec t ive  
technique f o r  re lay  of f l i g h t  da t a  t o  a Spacelab use r  dur ing  t h e  S h u t t l e  era 
was v i a  a  DOMSAT r e l a y  l i n k  from t h e  TDRS ground te rminal  a t  White Sands, 
New Mexico. 

CONCEPT 

GS E 

CHECKOUT 
H A N D L I N G  
AUX I LI  ARY 
SERVICING 

TOTAL 
( E N D  ITEMS)  

+ 
PALLET-ONLY 1 

COMPLETE SPACELAB 

V I 

44 
56 
47 
22 

169 

V I I  & V I I I  

43 
43 
3 7 
17 

140 

I l l  

42 
74 
60 
2 4 

200 

I & V  

3 5 
56 
46 
20 

157 

I I  & I V  

42 
55 
49 
19 

165 
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Figure 3.2-13. Typical Spacelab Processing Flow 

Table 3.2-9. S u m m a r y  of F a c i l i t y  Requirements 

REFURBISHMENT 
6 CHECKOUT 

INSTALLATION, 
CHECKOUT, AND 
REFURBISHMENT 

CARGO PROCESSING 

ORBITER CARGO 
INTEGRATION 

PERSONNEL OFF1 CE 
SPACE 

OPERATIONS 
CONTROL CENTER 

SITE TOTALS 

CONCEPT TOTALS 
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10.000 

18,200 

6,000 

30,200 

53.800 

7.000 

5.603 

1.000 

62.828 
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2.400 

3.60010.100 

64,728 

18.200 

5,500 

29.700 

57.428 

15.828 

5.600 

1.600 

23,028 

48,500 

6.500 

2.400 
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11.000 

1,800 

5.828 

5.600 

1.600 
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15.200 
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2.400 
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15.828 
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1.600 

23.028 
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8.300 

2.400 
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3.3 PROGRAMMATIC COSTING 

This sec t ion  summarizes t h e  programmatic c o s t s  f o r  t h e  e i g h t  Spacelab 
processing concepts. The c o s t s  a r e  presented i n  three  ca t egor i e s :  mission- 
unique, sus t a in ing ,  and non-recurring. Missiw-unique c o s t s  p e r t a i n  t o  those  
items t h a t  a r e  d i r e c t l y  a t t r i b u t a b l e  t o  the  ground opera t ions  of one pa r t i cu -  
l a r  f l i g h t .  Sus ta in ing  c o s t s  a r e  pr imar i ly  a s soc ia t ed  with admin i s t r a t ive  
and maintenance a c t i v i t i e s .  A s  t h e  b a s i c  s u s t a i n i n g  organiza t ion  is r e l a -  
t i v e l y  independent of f l i g h t  r a t e ,  the  pro-rat ions (described previous ly  f o r  
a two-flight-per-year program) were used i n  determining yea r ly  c o s t s .  Non- 
r ecu r r ing  c o s t s  inc lude  t h e  i n i t i a l  e f f o r t  t o  adapt  t h e  Spacelab documenta- 
t i o n  and procedures t o  a s p e c i f i c  user  and the  c a p i t a l  investment f o r  GSE 
and f a c i l i t i e s  t o  conduct Levels 111, 11, and I i n t e g r a t i o n .  

MISSION-UNIQUE COSTS 

I n  addi t ion  t o  t h e  development of manpower e s t ima tes  f o r  each t a s k  i n  
the WBS, support  s e r v i c e s  e s t ima tes  were a l s o  developed and i d e n t i f i e d  by 
WBS task.  The de r iva t ion  of t h e  support  s e r v i c e  e s t ima tes  a r e  contained i n  
the d e t a i l e d  t echn ica l  r e p o r t ,  Volume 111, Resource Requirements Development. 
Only broad d e f i n i t i o n s  and c o s t  summaries of t h e  suppor t  s e r v i c e s  a r e  pre- 
sented  i n  t h i s  volume. 

Table 3.3-1 summarizes t h e  c o s t s  f o r  the  i n t e g r a t i o n  and checkout a c t i v i -  
t i e s  a s soc ia t ed  with and d i r e c t l y  a t t r i b u t a b l e  t o  t h e  ground ope ra t ions  o f  one 
f l i g h t .  Included i n  t h e  m a t e r i a l  c o s t s  a r e  i n t e r f a c i n g  hardware such as 

Table 3.3-1. Mission-Unique Costs Per  Mission 
(Thousands of Dol la rs )  

AUTO COMP 

DOCUMMTATION 

FACILITIES 

PERSONNEL 
I 

477 1139 151 498 1053 264.5 1213 313.5 266.5 1442 266 1527 l52 
TOTALS * 

1167 1815.5 1793 1700 I 1679 
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cables, connectors and brackets, s o f t  mockup mater ia l  a n d s p e c i a l  GSE required 
t o  in tegra te  a payload. Travel estimates include a i r f a r e  and per-diem expenses. 
Autocomputation costs r e f l ec t  the  estimated run time required on a large-scale 
computer, such as the  IBM 360, f o r  the  development of checkout and f l i g h t  sof t -  
ware and computer-aided analyses and designs. Documentation costs a re  so le ly  
fo r  the  publication and d i s t r ibu t ion  e f fo r t .  Engineering time to  produce the 
technical  contents of the documents i s  included i n  personnel estimates. Com- 
mercial a i r  f re igh t  ra tes  were used t o  estimate the shipping costs of experi- 
ment equipment between s i t e s  (Concepts I and IIIVII only). As no estimates f o r  
the  operation of the  747lpiggyback o r  the  C-5A are  currently avai lable ,  r a t e s  
f o r  use of a "Guppy" a i r c r a f t  were used f o r  the  transportation of Spacelab 
modules. The f a c i l i t i e s  estimate r e f l e c t s  the  projected monthly lease  r a t e  
f o r  a DOMSAT transponder channel. Both supporting function and t e s t  and oper- 
at ion requirements a re  included i n  the personnel estimates. 

Launch s i t e  costs are e s sen t i a l l y  the  same f o r  Concepts I and V. Also, 
launch s i t e  costs a re  the same f o r  Concepts IIIVII, I I I I V I ,  and I V I V I I I .  Note 
the LS de l t a  costs between I and V and the other concepts are almost completely 
assumed by the  Level I1 integrator .  In  Concept I ,  the I C  assumes the  var ia t ion  
i n  LS costs;  in Concept V, the user assumes these costs. 

Comparison of I C  and user costs  in the  various concepts indicates  the  
r e l a t i ve  or  proportionate par t i c ipa t ion  and cognizance of the  two centers in 
the integrat ion process. 

The cost var ia t ions  between concepts a r e  primarily due t o  the  differences 
i n  manpower and t rave l / t r&por ta t ion  requirements. I n  general, t he  data  indi-  
ca te  that  from a composite NASA standpoint, the more services a Spacelab user 

' 

sublets ,  the greater  the  t o t a l  mission-unique costs w i l l  be. But the  d i f fe r -  
ence is only of the  order of Bpe rcen t f rom the  high t o  the  low estimate and, 
by i t s e l f ,  w i l l  not es tab l i sh  a preferred processing concept. 

SUSTAINING COSTS 

Table 3.3-2 summarizes the  yearly susta ining costs fo r  a l l  e igh t  concepts. 
The GSE and f a c i l i t y  maintenance figures are based on cost estimating re la t ion-  
ships (CER's) developed by Rockwell from previous space programs and NASA 
studies.  The i n s t i t u t i ona l  base and other administrative costs  are a function 
of the  d i r ec t  or  mission-unique costs  a t  each center. Personnel costs r e f l ec t  
average aerospace industry ra tes  f o r  the s k i l l  codes required by each sustain- 
ing organization and pro-rated a s  defined previously. Over 86 percent of the  
sustaining costs a re  a t t r ibu ted  t o  personnel requirements. 

The trend i n  the  susta ining costs follows the  same pat tern  a s  t he  mission- 
unique costs.  The greater  the  d i r ec t  involvement and cognizance of the  user,  
the  l e s s  the t o t a l  costs.  The de l t a s  between concepts a re  not l a rge  (cS100K 
per year maximum). Different,  but  equally j u s t i f i ab l e ,  pro-rations might 
reduce the  var ia t ions  t o  a negl igible  value. There is no d i s t i n c t  advantage 
t o  one concept over the other from the standpoint of sustaining costs.  
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T a b l e  3.3-2. Y e a r l y  Sus ta in ing  Costs (Thousands of Do l l a r s )  
-. 

INSTITUTIONAL 
BASE b OTHER 
ADMINISTRATIVE 

I 76 2 I 774 1 709 1 1 675 I 6 86 

NON-RECURRING COSTS 

Other than t h e  c a p i t a l  investment f o r  t h e  Spacelab modules, t h e  most s ig-  
n i f i c a n t  cos t  items t o  implement a processing concept are t h e  f a c i l i t i e s  and 
t h e  GSE. The c o s t s  i n d i c a t e d  i n  Table 3.3-3 sunnaarize t h e  b a s i c  investment of 
the  agency t o  process a Spacelab payload by each concept. The f a c i l i t y  c o s t s  

Table 3.3-3. Composite Non-Recurring Costs (Mil l ions of Dol la rs )  



Space Mvision 
Rockwell International 

a t  the user (Langley) include the  operations control  center (only the  OCC i n  
Concepts I and II IVII)  and the  modifications t o  Building 12938. m e  f a c i l i t y  
estimate a t  the  I C  r e f l ec t s  a preliminary estimate fo r  the  modification of 
Building 4755 a t  MSFC (August 1974). Modifications t o  the  MSOB a t  KSC a r e  
ref lected i n  the LS f a c i l i t y  estimate (August 1974). It should be noted t ha t  
a l l  of the  proposed f a c i l i t i e s  can accommodate more than the  baseline f l i g h t  
r a t e  of two per year t h a t  was used i n  t h i s  study. 

The GSE estimates r e f l ec t  the bas ic  requirement f o r  processing e i t h e r  a 
complete Spacelab or pallet-only Spacelab configuration. The GSE i n  each 
concept can a l so  accommodate f l i g h t  ra tes  greater  than two per year. There- 
fore ,  with a given s e t  of GSE, t he  support capabil i ty a t  any of the  centers 
i s  essen t ia l ly  equal. 

The differences between concepts i n  t o t a l  agency costs a re  due primarily 
t o  duplications of GSE. For example, i n  Concept IIIIVI, three centers must be 
equipped with handling equipment, assembly stands,  transporters,  e tc .  

I f  Concept IIIIVI i s  neglected, the  differences between t h e  remaining 
concepts amortized over a 10-year program are not very large.  The key consid- 
era t ion i n  determining the appl icab i l i ty  o r  advisabi l i ty  of the  cap i t a l  invest- 
ment is the  u t i l i z a t i o n  over the 10-year period. For example, i f  a user were 
t o  invest  $12 mill ion (as  i n  Concept IV) i n  GSE and f a c i l i t i e s ,  a re la t ive ly  
high u t i l i z a t i o n  r a t e  would be required. The same consideration must be given 
to  such a cap i ta l  investment a t  the  I C  o r  LS. Only one GSE s e t  is indicated 
a t  the  I C  and LS i n  Table 3.3-3, but i f  the  processing r a t e s  (payloads) satur-  
a t e  these s ingular  sets, then addi t ional  s e t s  a re  required. Thus, the  
Spacelab f l i g h t  r a t e  o r  processing r a t e  is the  key parameter i n  jus t i fy ing  
the cap i t a l  investment regardless of where the equipment is located. 
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3.4 CONCEPT EVALUATIONS 

Iko major concept evaluations were accomplished: f l igh t - ra te  sens i t iv i -  
t i e s  and concept appl icabi l i ty .  Ihe impact on Spacelab f l i g h t  hardware, GSE 
and f a c i l i t y  u t i l i z a t i on ,  and integrat ion and checkout personnel requirements 
was parametrically evaluated f o r  various yearly f l i g h t  ra tes .  The applica- 
b i l i t y  of the a l te rna te  concepts was evaluated fo r  geographical co-location 
of in tegrat ion a c t i v i t i e s  and launch s i t e s ,  multiple ownership of Spacelab 
modules, and po ten t ia l  NASA and non-NASA Spacelab users. 

FLIGHT-RATE SENSITIVITIES 

The optimizations derived i n  t h i s  study were based upon a f l i g h t  r a t e  of 
two Spacelab payloads per year. But throughout t h i s  study i t  was recognized 
t h a t  f o r  the processing concepts t o  be useful  t o  t he  NASA agency, considera- 
t i on  of the en t i r e  Spacelab t r a f f i c  model w a s  required. The prime dr iver  i n  
the  derivation of the t e s t  and operations sequences was t o  minimize the  
involvement times of Spacelab modules f o r  each f l i g h t  and, thus ,  maximize the 
number of f l i gh t s  per year tha t  a Spacelab could support. Basic GSE and f ac i l -  
i t y  requirements fo r  each processing concept were derived i n  order t h a t  an 
assessment of t he i r  po ten t ia l  u t i l i z a t i o n  as a function of f l i g h t  r a t e  could 
be determined. Personnel and s t a f f i ng  requirements were established t h a t  
ref lected maximum u t i l i z a t i on  of a l l  personnel involved. The s t a f f i n g  
approach was intent ional ly  se lected t o  be adaptable t o  various f l i g h t  ra tes .  
These f l ight-ra te  s e n s i t i v i t i e s  a re  discussed i n  t h i s  section.  

Flight Hardware Flight-Rate Sens i t iv i ty  

Based upon the  timed sequences of t e s t s  and operations, the  p e r f l i g h t  
involvement time of each module of the  Spacelab f o r  both configurations was  
determined. Figure 3.4-1 i l l u s t r a t e s  t h e  parametric der ivat ion of involvement 
times fo r  two of the processing concepts f o r  the  complete Spacelab configura- 
t ion.  A s  the support module and Orbiter in te r face  simulators a r e  the  s ing le  
most expensive items of GSE, they a re  a l s o  indicated on t he  figure.  Note t h a t  
a one-week period of revalidation/maintenance was allowed f o r  the  simulators 
a f t e r  each use. A summary of the involvement t i m e s  of t he  Spacelab modules 
and simulators f o r  the  processing of two Spacelab configurations is presented 
i n  Tables 3.4-1 and 3.4-2. The Orbiter in te r face  simulator involvement t ime  
is minimal; one uni t  could support the e n t i r e  Spacelab t r a f f i c  through one 
launch s i t e .  Calendar weeks a r e  indicated based upon a single-shift lf ive-day 
work week except during Orbiter-cargo integrat ion,  which is a two-shift opera- 
tion. Tables 3.4-3 and 3.4-4 present t he  hardware requirements a s  a function 
of f l i g h t  ra te .  Based upon the  Spacelab t r a f f i c  model used i n  t h i s  study, a 
nominal of 15 complete Spacelabs and 9 pallet-only Spacelabs w i l l  be flown 
each year. There a re  only minor differences between concepts i n  the  required 
hardware complement. The support module/experiment module s h e l l  (SM) and 
simulator u t i l i z a t i on  sa tura tes  a t  5 t o  6 f l i g h t s  per  year. The support sys- 
tems igloo (SI) involvement time is less than the  SM because of decreased 
refurbishment time and thus one of the  SI ' s  w i l l  support up to  e igh t  f l i g h t s  
per year. 
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Figure 3 .4-1 .  Derivation of Hardware Involvement T b s  (concepts I1 and IV) 
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Table  3.4-1. Involvement Times f o r  Complete Spacelab Processing 
(Calendar Weeks - Sing le -Sh i f t  Operation) 

Tab le  3.4-2. Involvement Times f o r  Pa l le t -Only  Processing 
(Calendar Weeks - S i n g l e - S h i f t  Operations) 

I PALLET/EXPERI MENT IGLOOS I 22.3  1 21.2  

- . CONCEPT V I 
ELEMENT -- 

SUPPORT SYSTEM IGLOO I SIMULATOR I 9 . 1  1 9.1 

V I I  & V l l l  

I SUPPORT SYSTEM IGLOO I 5 . 8  1 5.8 
I 

r - 1 
- - - -- - .. - . - 

ORBITER INTERFACE SIMULATOR 
(ONE UNIT SUPPORTS 
20 FLI GHTS/YEAR) 
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Table 3 . 4 - 4 .  Pallet-Only Hardware Complement 
(Single-Shift Operations) 
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Because of t h e  planned s t anda rd iza t ion  o f  the  SM and t h e  S I ,  two-shif t  
operat ion during t h e  a c t i v i t i e s  t h a t  involve these  items was eva lua ted .  Plan- 
ning two-shift  operat ion through Level 111 i n t e g r a t i o n  is n o t  recommended 
because these  a c t i v i t i e s  w i l l  be missionlf l ight-unique.  It is a n t i c i p a t e d  
t h a t  most of t h e  t e s t  and opera t ions  contingencies  w i l l  occur during Level 111 
in teg ra t ion .  I n i t i a l  schedul ing  of two s h i f t s  f o r  t hese  a c t i v i t i e s  would n o t  
allow an adequate margin f o r  cont ingencies .  

Based upon experience from t h e  Apollo and Saturn I1 programs a t  Rockwell, 
s i n g l e - s h i f t  time e s t ima tes  were divided by a  f a c t o r  of 1 .8  t o  convert  t o  
two-shift  opera t ions  schedules .  Table 3.4-5 summarizes t h e  involvement times 
f o r  t h e  SM and S I  f o r  each of the  concepts f o r  two-shift  opera t ions .  Based 
upon these  involvement t imes, t h e  requi red  complement f o r  t hese  items of 
f l i g h t  hardware i s  presented  i n  Table 3.4-6. The e f f e c t  i s  s i g n i f i c a n t ;  one 
l e s s  SM and one l e s s  S I  is requi red  t o  support  t h e  t r a f f i c  model. Two-shift 
opera t ions  during SM and SI  processing a c t i v i t i e s  a r e  recommended. 

Table 3.4-5. Two-Shift Operation Involvement Times (Calendar Weeks) 

1 & V  

SM/EM 6 . 5  

SUPPORT SYSTEMS IGLOO N/A 

1 1 ,  I l l  & I V  

5.5  

N/A 

V I ,  V I I  & V l l l  

N/A 

4.25 
- 



GSE and F a c i l i t y  Fl ight-Rate S e n s i t i v i t y  

The involvement times of t h e  major i t e m s  of handling,  checkout, a u x i l i a r y ,  
and s e r v i c i n g  GSE were determined i n  the  same manner a s  f l i g h t  hardware involve- 
ment times (see Figure 3.4-1). I n  genera l ,  the  GSE i tems a s soc ia t ed  wi th  t h e  
i n s t a l l a t i o n  and test s t a t i o n  f o r  Level 111 i n t e g r a t i o n  reach maximum u t i l i z a -  
t i o n  f i r s t .  Table 3.4-7 p resen t s  t h e  requirements f o r  t h i s  GSE equipment as a 
funct ion  of f l i g h t  r a t e  f o r  Concept I V / V I I I .  Although t h e  t o t a l  number of 
i t e m  requi red  i s  dependent upon processing concept, t h e  f l i g h t  r a t e  a t  which 
a d d i t i o n a l  GSE items a r e  r equ i red  is t h e  same f o r  a l l  concepts. With t h e  recom- 
mended approach of s i n g l e - s h i f t  opera t ions  during Level I11 i n t e g r a t i o n ,  one 
t e s t  s t a t i o n  can support  f o u r  f l i g h t s  pe r  year .  Simulator s e t s  and Freon/ 
vacuum s e r v i c i n g  u n i t s  can suppor t  s l i g h t l y  more f l i g h t s  per  year  ( s i x  and 
seven, r e spec t ive ly )  because i t  was assumed t h a t  interconnect ion of mul t ip l e  
test s t a t i o n s  and these  equipments could be accomplished. 

Table 3.4-7. Plight-Rate S e n s i t i v i t y  



In  the  de r iva t ion  of t h e  f a c i l i t y  requirements a t  t h e  u s e r  cen te r ,  one 
a rea  i n  t h e  f l i g h t  hardware processing bu i ld ing  was designated s o l e l y  f o r  
disassembly and refurbishment of f l i g h t  equipment. A second a rea  was desig- 
na ted  f o r  equipment assembly, i n s t a l l a t i o n ,  and checkout. If each of t hese  
a reas  were equipped wi th  t h e  appropr ia te  GSE, the  f a c i l i t y  could accommodate 
the yea r ly  processing of e i g h t  Spacelab payloads i n  Concept I I I / V I ,  seven i n  
Concept I V / V I I I ,  and s i x  i n  Concept V wi th  s i n g l e - s h i f t  opera t ions .  The 
v a r i a t i o n  i n  c a p a b i l i t i e s  r e f l e c t s  t h e  disassembly/refurbishment of f l i g h t  
hardware o f f - s i t e  i n  Concept I I I / V I  and t h e  a d d i t i o n a l  t a s k  of Level I1 
i n t e g r a t i o n  i n  Concept V. The f a c i l i t i e s  a t  t h e  I C  (MSFC Building 4755) and 
LS (KSC MSOB) can accommodate t h e  a n t i c i p a t e d  Spacelab t r a f f i c  model i f  two- 
s h i f t  operat ions a r e  used. 

Personnel /S taf f ing  Flight-Rate S e n s i t i v i t y  

The primary c r i t e r i o n  i n  t h e  development of p e r s o n n e l l s t a f f i n g  require-  
ments w a s  maximum u t i l i z a t i o n  of the  personnel  involved. I t  was previous ly  
shown (see Figures 3.2-7 p d  3.2-8) t h a t  f o r  a  two-flight-per-year r a t e ,  each 
phase of t h e  support  func t ion  a c t i v i t i e s  (opera t ions  ana lys is l requi rements  
d e f i n i t i o n  and d e s i g n l f a b r i c a t i o n  of i n t e r f a c e  hardware) should be scheduled 
t o  correspond t o  t h e  time dura t ion  of t h e  t e s t  and opera t ions  a c t i v i t i e s .  
Scheduling, phasing and s t a f f i n g  of each support  func t ion  t a sk  was t a i l o r e d  
t o  achieve t h i s  r e l a t i o n s h i p  between t h e  t h r e e  phases of i n t e g r a t i o n  and check- 
out  a c t i v i t i e s .  In  determining t h e  p o t e n t i a l  impact of f l i g h t  r a t e  on t h e  
s t a f f i n g  requirements,  v a r i a t i o n s  i n  t h e  schedule of suppor t  funct ion  a c t i v i t i e s  
were considered. Durations of 4.5, 5.0 and 6.0 months f o r  each phase of suppor t  
funct ion  a c t i v i t i e s  were evaluated.  In  a l l  cases  t h e  dura t ion  of t h e  t e s t  and 
opera t ions  a c t i v i t i e s  was h e l d  cons tant  at 6 months, which was t h e  nominal time 
requi red  by a l l  processing concepts.  Figure 3.4-2 i l l u s t r a t e s  t h e  i n t e r r e l a -  
t i onsh ip  of i n t e g r a t i o n  and checkout phases. 

The "support team" s e c t i o n  of t h e  t a b l e  i n  Figure 3.4-2 i n d i c a t e s  t h e  
number of each type of team t h a t  would be requi red  t o  suppor t  each support  
funct ion  phase f o r  f l i g h t  rates of 1 t o  16 pe r  year .  The decimal e n t r i e s  i n  
t h e  t a b l e  i n d i c a t e  t h a t  p o r t i o n  of t h e  team(s) c a p a c i t y l c a p a b i l i t y  t h a t  would 
be u t i l i z e d  t o  support  a  given f l i g h t  r a t e .  As p a r t i a l  teams a r e  imprac t i ca l  
the  nex t  i n t e g e r  is t h e  requi red  number of  teams. For example, a t  t h r e e  
f l i g h t s  per  yea r ,  two 4.5-month teams a r e  required.  But only 56 percent  of 
each team's c a p a b i l i t y  would be u t i l i z e d ;  t h e  remainder i s  i d l e  time. There- 
f o r e ,  t h e  team approach wi th  t h e  l e a s t  amount of i d l e  time is p re fe r r ed .  

The key f a c t o r  i s  t h e  u t i l i z a t i o n  of  t h e  teams; it i s  n o t  t h e  number of 
teams. The composite number of man-months requi red  t o  accomplish t h e  t a sk  is 
the  same regard less  of t h e  time dura t ion .  Therefore, a  team t h a t  accomplishes 
the support  funct ion  phase i n  4.5-month increments is 33-percent l a r g e r  than  
a  team t h a t  accomplishes t h e  same t a sks  i n  6-month increments.  For example, 
a t  a  f l i g h t  r a t e  of 10 pe r  year ,  only fou r  4.5-month teams a r e  requi red  whereas 
f i v e  6-month teams a r e  requi red .  But t h e  6-month teams a r e  f u l l y  u t i l i z e d .  
A 25-percent i n e f f i c i e n c y  (each 4.5-month team i s  i d l e  6.25 percent  of the  
time) r e s u l t s  with the  4.5-month teams t h a t  a r e  s i g n i f i c a n t l y  l a r g e r  than the  
6-month teams (e.g.,  6-month team = 100, t o t a l  500; 4.5-month team = 133, 
t o t a l  533). The p r e f e r r e d  approach is t h e  6-month scheduling of support  func- 
t i o n  phases at 10 f l i g h t s  pe r  yea r  and a t  most of t h e  o t h e r  f l i g h t  rates a l s o ,  
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Figure 3 .4 -2 .  Personnel Flight-Rate Sensi t iv i ty  

There a l so  is s t a f f i n g  f l e x i b i l i t y  i n  the performance of t e s t  and opera- 
t ions tasks. l he  use of part-time help in the performance of Tho tasks  was 
indicated previously. But the  sequent ia l  and d i sc re te  a c t i v i t i e s  associated 
with Levels 111, 1111 and refurbishment operations would permit the  dedicated 
assignment of personnel t o  each of these three phases of f l i g h t  hardware 
processing. For example, a t  a f l i g h t  r a t e  of 8 per year,  3 Tho t e am dedicated 
t o  j u s t  Level 111 integrat ion would be required; one team dedicated t o  Level 
1111 integrat ion would be required; and one team could be used on a part-time . '4 

bas i s  f o r  refurbishment a c t i v i t i e s .  

CONCEPT APPLICABILITY 

The prime fac tors  i n  determining concept app l icab i l i ty  was t he  planned 
f l i g h t  ra tes  of the  user and the  a v d l a b i l i t y / u t i l i z a t i o n  of GSE and f a c i l i -  
t i e s  a t  a l t e rna t e  in tegrat ion s i t e s .  

Co-Location of Integrat ion Center and Launch S i t e  

Complete Spacelab Processing Concept I was defined as Levels I11 and I1 
integrat ion,  and Spacelab hardwaGe ownership being the  responsibi l i ty  of a 
centralized Spacelab integrat ion center t ha t  w a s  geographically separated 
from the Shut t le  launch s i t e .  An evaluation w a s  conducted t o  determine i f  
geographical co-location of the IC/LS would be advantageous. lhis evaluation 
is summarized i n  Table 3.4-8 .  
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Table 3.4-8. Evaluat ion of I n t e g r a t i o n  CenterILaunch S i t e  Co-Location 

The magnitudes of t h e  Spacelab i n t e g r a t i o n  t a s k  and t h e  S h u t t l e  in tegra-  
t i o n  task  preclude t h e  combining of them i n t o  one t a s k  s e t .  It would be  the  
equiva lent  of combining t h e  i n d i v i d u a l  CSM and LM i n t e g r a t i o n  of t h e  Apollo 
program i n t o  one t a s k  wi th  t h e  i n t e g r a t i o n  of t h e  Sa turn  V launch veh ic l e .  
Separate ,  independent organiza t ions  a r e  requi red  up t o  t h e  po in t  of  i n t eg ra -  
t i on  between program elements. 

Est imates of t r i p s  f o r  coordinat ion between i n t e g r a t i o n  cen te r  personnel  
and launch s i t e  personnel  were on a man-day, per-diem b a s i s .  With co-locat ion 
t h i s  l i n e  i tem would disappear .  Although t h e  c o s t  savings  i s  only of t h e  order  
of $6000, t h e  a c t u a l  b e n e f i t s  of co-location a r e  probably g r e a t e r .  Co-locat im 
would f o s t e r  more f requent  and informal  coordinat ion.  

Co-location of t h e  two a c t i v i t i e s  would nega te  t h e  p r e f l i g h t  and post-  
f l i g h t  shipment of t h e  Spacelab which r e q u i r e s  t h e  u s e  of t h e  747/piggyback 
configurat ion.  I n t r a - s i t e  moves would be requi red  bu t  would c o s t  s i g n i f i c a n t l y  
l e s s  than an air f e r r y  opera t ion .  Net savings would b e  of t h e  order  of $20,000 
per  mission. 

Only minor r ev i s ions  i n  t h e  use r  i n t e r f a c e  would r e s u l t .  Coordination 
wi th  two organiza t ions  would s t i l l  be requi red ,  but  coordina t ion  meetings 
could be  scheduled t o  be accomplished with t h e  co-located o rgan iza t ions  on 
a s i n g l e  t r i p .  

The most s i g n i f i c a n t  cons idera t ion  i s  t h e  a v a i l a b i l i t y  of t h e  r equ i red  
f a c i l i t i e s .  I f  only a s i n g l e  Spacelab program such as t h e  ATL, o r  a pe r iod ic  
Spacelab use r  i s  considered,  then cu r ren t  p l ans  f o r  modif ica t ion  of the  MSOB 
a t  KSC would suppor t  both  Levels I11 and I1 i n t e g r a t i o n  a t  t h e  launch site. 
But t h e  Level I11 i n t e g r a t i o n  c a p a b i l i t y  planned f o r  t h e  MSOB w i l l  n o t  accom- 
modate t h e  a n t i c i p a t e d  Spacelab t r a f f i c  model. Therefore,  an a d d i t i o n a l  capa- 
b i l i t y l f a c i l i t y  would be requi red .  With t h e  a v a i l a b i l i t y  and a p p l i c a b i l i t y  
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of Building 4755 at  MSFC, it does n o t  appear t o  be c o s t  e f f i c i e n t  t o  dup l i ca t e  
t h i s  f a c i l i t y  a t  t h e  LS f o r  t h e  minor p r e f l i g h t  savings t h a t  could be achieved. 
Also, a  more reasonable use of t h e  Level I11 i n t e g r a t i o n  c a p a b i l i t y  at KSC 
would be f o r  cont ingencies  and p e r i o d i c  users  such a s  fore ign  coun t r i e s ,  r a t h e r  
than a  continuing program such as t h e  ATL. 

Western Test Range Impl ica t ions  

The impact on t h e  processing concepts t h a t  would r e s u l t  from t h e  ac t iva-  
t i o n  of t h e  Western Test  Range (WTR) as  a  second S h u t t l e  launch s i t e  w a s  
assessed.  Three of t h e  major opt ions  f o r  processing Spacelabs through WTR 
a r e  i n d i c a t e d  on Table 3.4-9. Actual ly,  t hese  "options" are more character-  
i s t i c  of a  s i t e  a c t i v a t i o n  plan.  I n i t i a l  Spacelab f l i g h t  r a t e s  from WTR do 
n o t  warrant  t h e  c a p i t a l  investment f o r  dedica ted  GSE and f a c i l i t i e s .  A 

. "ship and shoot" approach would b e  t h e  most cos t -ef fec t ive  method f o r  low 
f l i g h t  rates. That is. Level I1 i n t e g r a t i o n  would be accomplished o f f  s i t e  
from WTR and t h e  in t eg ra t ed  Spacelab ( e i t h e r  conf igura t ion)  would be shipped 
t o  WTR f o r  Level I i n t e g r a t i o n  wi th  t h e  Orb i t e r .  

Table 3.4-9. Western Test Range Implicat ions 

I APPROACH C W E P T  
I 

C O M P L ~  LEvn I I INTEGRATION AT KSC: DELIVER 
"SHIPLSHWT"  SPACMBTOWIRFORDIRECTlNSTALLATlONl 

INTEGRATION INTO ORBITER 

PROVIDE KSC CREW TO WIR FOR LEVEL II CREW INTEGRATION AT W R  WITH GSElFAClLlTlES 

INDEPENDENT PERFORM LEVEL II INTEGRATION WITH RESIDENT 
OPERATIONS 

A s  t h e  Spacelab f l i g h t  r a t e  from WTR reaches about 5 o r  6 pe r  yea r ,  
dedicated GSE and f a c i l i t i e s  become p r a c t i c a l .  The f l i g h t - r a t e  s e n s i t i v i t y  
d a t a ,  presented previous ly ,  i nd ica t ed  t h a t  a t  t hese  f l i g h t  r a t e s  (with s ing le -  
s h i f t  operat ion)  fu l l - t ime u t i l i z a t i o n  of major equipments and r e s iden t  
personnel  was achieved. During t h e  t r a n s i t i o n  phase from low f l i g h t  r a t e  t o  
r a t e s  of 5 t o  6 per  year  a t  WTR, u t i l i z a t i o n  of a  t r a n s i e n t  crew from t h e  
Level I1 i n t e g r a t i o n  s i t e  could be advantageous and expedite  t h e  a c t i v a t i o n /  
c e r t i f i c a t i o n  of autonomous opera t ions  a t  WTR. 

The opera t ion  of a second S h u t t l e  launch s i t e  would have no  s i g n i f i c a n t  
e f f e c t  on a  Spacelab user.  Previously def ined  coord ina t ion / in t e r f aces  would 
be app l i cab le  t o  e i t h e r  KSC o r  WTR. 'During t h e  WTR a c t i v a t i o n  pe r iod ,  sched- 
u l i n g  of  a  t r a n s i e n t  crew from t h e  Level I1 i n t e g r a t i o n  s i t e  would b e  a  
s i g n i f i c a n t  problem. The t r a n s i t i o n  from dependent t o  independent WTR oper- 
a t i o n s  should be accomplished a s  quickly  a s  poss ib le .  
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Support Module/Systems Ig loo  Ownership 

A summary of t h e  cons idera t ions  i n  def in ing  t h e  p re fe r r ed  support  module 
andlor  s y s t e m  i g l o o  (SMISI) ownership i s  presented i n  Table 3 . 4 - 1 0 .  Owner- 
sh ip  of t h e  SM/SI by t h e  common use r  i s  not  recommended. These two items a r e  
the l a r g e s t  s i n g l e  c a p i t a l  investment of t h e  Spacelab program. As almost 
continuous u t i l i z a t i o n  of t h e  SM/SI can be achieved i f  ownership is  by e i t h e r  
t h e  LS o r  I C ,  i t  would be d i f f i c u l t  t o  j u s t i f y  such a l a r g e  use r  c a p i t a l  
investment with only p a r t i a l  u t i l i z a t i o n .  I t  i s  recognized t h a t  s e c u r i t y  
c o n s t r a i n t s  may r equ i re  some use r s  (e.g. ,  DOD) t o  own t h e  SM/SI r ega rd le s s  of 
u t i l i z a t i o n  r a t e s .  

Table 3.4-10. Support Module/Systems Ig loo  Ownership Evaluat ion 

Evaluation of ownership of  t h e  SM/SI by e i t h e r  t h e  I C  o r  LS i s  dependent 
upon t h e  Spacelab f l i g h t  r a t e  and t h e  s t anda rd iza t ion  of t h e  SM/SI-Orbiter 
i n t e r f a c e .  The t r a f f i c  model used i n  t h i s  s tudy i n d i c a t e s  a nominal f l i g h t  
r a t e  of 24  Spacelabs per  yea r .  This f l i g h t  r a t e  sugges ts  t h e  assignment of 
a t  l e a s t  one Orb i t e r  t o  Spacelab f l i g h t s  only. The evo lu t ion  of t h e  SM/SI 
configurat ion i n d i c a t e s  a h igh ly  s tandardized  i n t e r f a c e  w i t h  t h e  Orb i t e r .  
The SMISI could evolve t o  t h e  s t a t u s  of an Orb i t e r  k i t .  

. 
OWNERSHIP 

USER 

I INTEGRATION CENTER 

LAUNCH SITE 

I f  t h e  SM/SI were maintained at  t h e  launch s i t e ,  t h e  747lpiggyback 
t r anspor t  mode would n o t  be required.  I n  most Cases, racks  and p a l l e t s  can 
be shipped by the  C-5A. However, s epa ra t ion  of t h e  Level I1 and Level I11 
i n t e g r a t i o n  a c t i v i t i e s  does r e s u l t  i n  t h e  dup l i ca t ion  of  c e r t a i n  i tems of  
GSE f o r  t h e  handling of racks  and p a l l e t s  a t  two s i t e s  t h a t  t o t a l  about 
$700 thousand. 

. 

CONSIDERATIONS 

S M I S I  LARGEST CAPITAL INVESTMENT 
lODI UTILIZATION REWIRED, - 5  F L l ' S I Y R I ~ M T  

DELTA GSE REPVIRWNTS,mS2.9M 
SECURITY C@NSTRAINTS MAY REWIRE OWNERSHIP 

EITHER SITE CAN ACHIEVE HIGH UTILIZATION 
TRAFFIC MODEL SUGGESTS ORBITER ASSIGNMENT TO 

S PACELAB PROGRAM 
EVOLVING SL DES lGN INDICATES HIGHLY STANDARD1 ZED 

S M I S  I -ORBITER INTERFACE 
S M I S  I COULD EVOLVE TO ORBITER KIT  STATUS 
I F  IC-OWNED, 1471PIGGYBACK TRANSPORT REQUIRED 
I F  LS-OWNED. DELTA GSE n S 7 W K  

CONCLUSION 0 USER-OWNED ONLY FOR SECURITY REASONS 
OTHERWISE 

LAUNCH SITE-OWNED TO MAINTAIN COGNIZANCE OF 
STANDARDIZED INTERFACE CENTRALIZED 



Amortized over a 10-year program, t h e  d e l t a  GSE requ i red  a t  t h e  LS f o r  
handling of racks and p a l l e t s  a t  a second s i t e  does not  appear t o  be a discrim- 
ina to r .  It would appear t o  be more advantageous t o  r e t a i n  t h e  cognizance of 
a s tandard  f l i g h t  i tem and a s t anda rd  i n t e r f a c e  wi th in  one NASA cen te r .  Main- 
tenance of t h e  SM/SI a t  t h e  LS and performance of Level I1 i n t e g r a t i o n  a t  t h e  
LS is the  p re fe r r ed  approach. 

General Concept App l i cab i l i t y  

A summary of t h e  eva lua t ions  of each of t h e  candida te  processing concepts 
is presented i n  Table 3.4-11. Concept I is n o t  recommended f o r  the  reasons 
and r a t i o n a l e  presented  above. Concept I I / V I I  i s  t h e  p re fe r r ed  Spacelab 
processing concept f o r  the  ma jo r i ty  of users .  F l i g h t  rates, payload complement, 
and program dura t ion  f o r  most Spacelab use r s  would not  warrant  t h e  l a r g e  capi- 
t a l  investments requi red  f o r  u se r  ownership and/or i n t e g r a t i o n .  Concept III/ 
\TI would b e  app l i cab le  only i n  t h e  unique s i t u a t i o n  where a u s e r  could j u s t i f y  
the c a p i t a l  investment bu t  requi red  ou t s ide  suppor t  i n  design and f a b r i c a t i o n  
a c t i v i t i e s .  Such a s i t u a t i o n  would be un l ike ly  f o r  a mul t i - f l i gh t ,  multi-year 
program. Concept I V / V I I  is a p p l i c a b l e  t o  Spacelab use r s  t h a t  p lan  m u l t i - f l i g h t ,  
multi-year programs. Amortization of c a p i t a l  investments  wi th  r e l a t i v e l y  high 
u t i l i z a t i o n  r a t e s  is p r a c t i c a l .  As t h i s  c l a s s  of user  w i l l  u sua l ly  r e q u i r e  an 
SM and an SI  (both Spacelab conf igura t ions)  t h e  u t i l i z a t i o n  of t h e  f a c i l i t i e s  
and GSE can be q u i t e  high b u t  t h e  u t i l i z a t i o n  of each of t h e  u n i t s  of t h e  
Spacelab could be low. Thus, u s e r  ownership of t h e  SM/SI even in a mult i -  
f l i g h t ,  multi-year program i s  n o t  reconmnended. Only s e c u r i t y  c a n s t r a i n t s  
would j u s t i f y  t h e  adoption of Concept V. 

Table 3.4-11. Concept Evaluat ions 

STANDARD INTERFACE MAINTAINED 
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Recommended ATL Program Concept 

The cu r ren t  planning of t h e  ATL Spacelab program i n d i c a t e s  t h a t  Concept 
IVIVIII would be appl icable .  The f l i g h t  r a t e  and program dura t ion  warrant  the 
required c a p i t a l  investment f o r  GSE and f a c i l i t i e s .  An e x i s t i n g  f a c i l i t y  a t  
Langley (Building 1293A) can be modified t o  accomodate t h e  i n s t a l l a t i o n ,  
checkout, and refurbishment ' a c t i v i t i e s .  The 2 t o  4  f l i g h t s  per  year  w i l l  
r e s u l t  i n  a  r e l a t i v e l y  high u t i l i z a t i o n  (40 t o  80 percent )  of both t h e  GSE 
and f a c i l i t i e s .  These f l i g h t  r a t e s  would not  warrant ownership of t h e  SM/SI 
by Langley. 

The d i v e r s i f i e d  technology and mul t ip le  experiments i n  each ATL payload 
can be more r e a d i l y  i n t e g r a t e d ,  e s p e c i a l l y  i n  contingency s i t u a t i o n s ,  i f  
d i r e c t  and l o c a l  con t ro l  of t h e  a c t i v i t i e s  i s  maintained by Langley. Re f l igh t  
of experiments i s  planned. Some equipment could be maintained by Langley i n  
the  f l i g h t  conf igura t ion  u n t i l  t h e  n e x t  app l i cab le  mission. Also, incorpor- 
a t i o n  of mission r e s u l t s  i n t o  payloads i n  process can b e  more r e a d i l y  
achieved i f  ownership, des ign ,  f a b r i c a t i o n ,  and Level 111 i n t e g r a t i o n  
r e s p o n s i b i l i t i e s  a r e  maintained by Langley. 
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3.5 SUMMARY 

A succinct  summary of the  s ign i f ican t  r e su l t s  and conclusions of the 
analyses of the  study a re  presented below. 

Combined software and hardware ve r i f i ca t i on  is feas ib le  
and pract ical .  

Use of in terface simulators is recommended t o  decrease the 
required complement of SMISI'S t o  support the  Spacelab 
t r a f f i c  model. 

The required pre f l igh t  and pos t f l igh t  processing time for  
the  receipt  of f l ight-ra ted experiment equipment through 
pos t f l igh t  refurbishment of Spacelab modules is approxi- 
mately s i x  calendar months fo r  a l l  concepts. 

The preferred scheduling of supporting function tasks is 
for.each phase (analysis and design/fabrica<ion) t o  match 
the  duration of the  t e s t s  and operations phase ( s ix  months 
each, l smonth cycle per f l i gh t ) .  

The per-fl ight tasks w i l l  require approximately 105 equiv- 
a len t  man-years of e f for t .  

The pro-rated yearly sustaining/administrative support fo r  
a two-flight-per-year program w i l l  require approximately 
23 man-years of e f fo r t .  

The requirements t o  in tegrate  and check out the  pallet-only 
configuration a re  essen t ia l ly  the  same a s  f o r  the  complete 
Spacelab configuration. 

Composite per-mission/flight costs range from $1.7 million 
t o  $1.8 million across the  concepts. 

Composite yearly susta ining costs range from $0.67 mill ion 
t o  $0.79 million across the  concepts. 

Non-recurring 'costs and spec i f ica l ly  u t i l i z a t i o n  of the  
cap i t a l  investments f o r  GSE and f a c i l i t i e s  is the primary 
discriminator i n  concept app l icab i l i ty .  

Scheduling of single-shift  operations i s  recomnded  f o r  
Level I11 integration; two-shift operations a r e  recomended 
fo r  Level 13.11 integration.  
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Two support  modules and one systems i g l o o  w i l l  support  t h e  
pro jec ted  Spacelab t r a f f i c  model. 

. Sa tu ra t ion  of Level 111 GSE occurs a t  4 t o  5 f l i g h t s  p e r  yea r .  

Based upon t h e  a v a i l a b i l i t y  and a p p l i c a b i l i t y  of e x i s t i n g  
f a c i l i t i e s ,  co-location of t h e  i n t e g r a t i o n  c e n t e r  and t h e  
launch s i t e  i s  n o t  recommended, 

Ownership of t h e  SM/SI by t h e  launch s i t e  i s  p re fe r r ed .  

The a c t i v a t i o n  of a second S h u t t l e  launch s i t e  a t  WTR does 
n o t  per turb  the  process ing  concepts developed i n  t h i s  s tudy 
i f  s teady-s ta te  opera t ions  a r e  assumed. 

Performance of suppor t ing  funct ions  and Level I11 in teg ra -  
t i o n  at a c e n t r a l i z e d  i n t e g r a t i o n  s i t e  (Concept I I /VI I )  
such as MSFC i s  t h e  recommended process ing  concept f o r  
pe r iod ic  Spacelab use r s .  

Performance of  suppor t ing  funct ions  and Level I11 i n t e g r a t i o n  
at t h e  u s e r ' s  s i t e  (Concept 1V/VIII) is recommended only i f  
a long-durationlt-to-4 yea r ly  f l i g h t  r a t e  program such as t h e  
Langley ATL i s  planned. 
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4.0 PROPOSED ADDITIONAL EFFORT 

The various facets  of the  integrat ion and checkout a c t i v i t i e s  fo r  the  
processing concepts derived i n  the study were essen t ia l ly  developed t o  a 
uniform depth. However, a s  the  study progressed i t  was apparent t h a t  ce r ta in  
i temsltopics could have a more s ign i f ican t  impact on t he  optimization and def- 
i n i t i z a t i o n  of the  concepts. A more detailed analysis of these topics could 
enhance the  understanding and implementation of Spacelab-payload integrat ion 
and checkout. A synopsis of topics tha t  warrant addit ional analysis e f f o r t  
is presented below. 

ATL SOFTWARE REQUIREMENTS 

In SUIAS i t  was assumed t h a t  a mixture of manual, remote control ,  and 
automated operations would be used. The adopted checkout approach included 
simultaneous software-hardware ver i f ica t ion .  However, the  advisabi l i ty  of 
automation of experiments (and the resu l tan t  software) w a s  not  evaluated. It 
is suggested t ha t  a l t e rna te  mechanization approaches be evaluated t o  determine 
the  l e a s t  cost ly  approach fo r  operation of Spacelab payloads. The baseline 
ATL payloads used i n  SUIAS w i l l  provide a broad spectrum of experiments t o  be 
considered. The primary objective of the  proposed mechanization study would 
be t o  e s t ab l i sh  c r i t e r i a  f o r  the  se lec t ion  of the  preferred experiment mech- 
anization and de f in i t i z e  software requirements where applicable. 

INTERFACE VERIFICATION 

A t  the time estimates f o r  in te r face  ver i f ica t ion  a c t i v i t i e s  were made i n  
the SUIAS study, only broad def ini t ions  of Shutt le and Spacelab SM/SI in te r faces  
were available. With the  evolving design of these two Space Transportation 
System elements and the  def in i t i za t ion  of the  ATL experiments, it is now feas- 
i b l e  t o  d e t a i l  the  spec i f i c  tasks required t o  accomplish the  various leve ls  of 
in te r face  ver i f icat ion.  SUIAS r e s u l t s  indicated the c r i t i c a l i t y  of SM/SI 
involvement times. Shut t le  turnaround times are even more c r i t i c a l .  Instead 
of relying upon al locat ion times f o r  programmatic planning, t he  current design 
def in i t ion  of t he  Orbiter, Spacelab, and ATL equipment c w  provide detailed- 
quantif ied assessment data, and thus, programmatic planning with a high degree 
of f i d e l i t y  could be accomplished. 

STANDARDIZED.MSSION PLANNING 

The manpower required t o  accomplish the  support functions was approximately 
e igh t  times greater  than the  manpower required t o  accomplish the  t e s t  and oper- 
at ion ac t i v i t i e s .  The primary contributor t o  t h i s  d i spar i ty  w a s  those tasks  
associated with mission planning. Although a l imited amount of standardization 
was assumed i n  the  development of the  miss ionlf l ight  plan, it is believed tha t  
s ign i f ican t  reductions in the per-mission tasks could be real ized i f  appropri- 
a t e  planning and design computer programs were developed. Langley's Manned 
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Ac t iv i ty  Scheduling System (MASS) i s  a f i r s t - s t e p  i n  t h e  automation of 
mission planning a c t i v i t i e s .  It i s  proposed t h a t  a s tudy be conducted t o  
def ine  and develop "tools"  s i m i l a r  t o  MASS f o r  t r a j e c t o r i e s ,  t r u t h  s i t e s ,  
a t t i t u d e  p r o f i l e s ,  consumables scheduling, f l i g h t  t ime l ines ,  and o t h e r  
r e l a t e d  mission planning a c t i v i t i e s  t h a t  a r e  r e a d i l y  a c c e s s i b l e  t o  and usable  
by Spacelab users .  S imi l a r  t o o l s  c o u l d a l s o  be developed t o  a s s i s t / e x p e d i t e  
t h e  design a c t i v i t i e s .  Panel  l ayou t s ,  automated wire  rou t ing ,  and center-of- 
g rav i ty  con t ro l  programs a r e  candidates  f o r  automation/computer-aided design. 
Although t h e  i n i t i a l  c o s t s  of developing these  computer programs may be  
appreciable,  it i s  be l ieved  t h a t  t h e  reduct ion i n  per-mission c o s t s  would 
more than o f f s e t  t h e  i n i t i a l  investment. 

REAL-TIME MISSION SUPPORT 

During previous manned space programs, real-time mission suppor t  was 
accomplished by means of t h e  Mission Control Center (MCC) at  JSC. This 
f a c i l i t y  probably w i l l  be  t h e  c o n t r o l  point  f o r  Shu t t l e /Orb i t e r  opera t ions .  
It is u n r e a l i s t i c  t o  assume t h a t  t h e  MCC w i l l  a l s o  accommodate a l l  t h e  
Spacelab users .  The frequency of Spacelab f l i g h t s  would preclude t h e  modi- 
f i ca t ion / r e fo rma t t ing  of c o n t r o l  and d isp lay  consoles t h a t  would be  requi red  
by t h e  broad spectrum of users .  Also, t h e  ground support  personnel  f o r  t h e  
payloads would have t o  be temporari ly r e loca ted  a t  JSC f o r  almost every 
mission. 

The a l t e r n a t i v e  t o  c e n t r a l i z e d  MCC mission support  is t o  provide real- 
time da ta  t o  t h e  user  at  t h e  u s e r ' s  s i t e .  A prel iminary eva lua t ion  of a l t e r n a t e  
f l i g h t  d a t a  disseminat ion opt ions  t h a t  w a s  conducted i n  SUIAS ind ica t ed  a pref-  
erence f o r  r e l ay ing  of rea l - t ime mission d a t a  from t h e  TDRS ground te rminal  t o  
various s i t e s  v i a  a DOMSAT r e l a y  l i n k .  Use of leased  ground l i n e s  f o r  wide- 
band da ta  r e s u l t e d  i n  excess ive  r ecu r r ing  cos ts .  Because of t h e  long l e a d  
time involved i n  e s t a b l i s h i n g  and a c t i v a t i n g  a da ta  disseminat ion system t h a t  
inc ludes  geosynchronous s a t e l l i t e s  and ground te rminals  i t  i s  imperat ive t h a t  
a d e t a i l e d  a n a l y s i s  of t h i s  f a c e t  of f l i g h t  opera t ions  be conducted i n  t h e  
near  fu tu re .  

It is recognized t h a t  GSFC is and has been analyzing t h i s  problem. 
The a d d i t i o n a l  e f f o r t  t h a t  is proposed he re  i s  user-oriented.  An eva lua t ion  
of the  requi red  d a t a  t r a n s f e r  and real- t ime mission suppor t  of t h e  c u r r e n t l y  
i d e n t i f i e d  Spacelab u s e r s ,  domestic and fo re ign ,  i s  requi red  t o  ensure t h a t  
t h e  evolving technique w i l l  provide t h e  necessary capability/access/control 
t o  a broad spectrum of Spacelab use r s .  

ADVANCED TECHNOLOGY LABORATORY DEFINITIZATION 

The design and development s t a t u s  of t h e  S h u t t l e  and t h e  Spacelab, 
coupled wi th  t h e  b a s e l i n e  ATL experiments and payloads, w i l l  permi t  an. in- 
depth d e f i n i t i z a t i o n  of t h e  f i r s t  s e t  of ATL Spacelab f l i g h t s .  I n  genera l ,  
a l l  analyses conducted thus  f a r  on t h e  ATL have been at a Phase A l e v e l  of 
d e t a i l .  By conducting ana lyses  a t  a Phase B l e v e l  of d e t a i l  a t  t h i s  time 
t h e  ATL program could be a t  an ope ra t iona l  s t a t u s  concurrent  with achieving 
ope ra t iona l  s t a t u s  on t h e  S h u t t l e  and Spacelab. The SUIAS s tudy synthesized 
an approach t o  accomplish a l l  of t h e  i n t e g r a t i o n  and checkout t a s k s  f o r  a 



Spacelab payload. The i n t e n t  of t h e  proposed add i t iona l  e f f o r t  is t o  apply/ 
improve/modify/verify the  SUIAS techniques with d e t a i l e d  analyses of t h e  
candidate ATL payloads f o r  each task except f a b r i c a t i o n  of i n t e r f a c e  hardware 
and f l i g h t  hardware checkout. The design of equipment layouts  and i n t e r f a c e  
hardware should be included. Also, d e t a i l e d  l o g i s t i c s  p lans  and f l i g h t  
operat ions should be generated. The proposed Phase B e f f o r t  would uncover 
and reso lve  i n t e g r a t i o n  problem a r e a s ,  i d e n t i f y  al ternate/more cos t - e f f ec t ive  
techniques,  and demonstrate a r e a l i s t i c ,  workable sequence of a c t i v i t i e s  
t h a t  would support a mul t i - f l i gh t  per  year ,  multi-year program i n  an e f f i c i e n t ,  
cos t - e f f ec t ive  manner. 


