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PREFACE 

The e x t e n s i o n  phase  o f  t h e  O r b i t a l  S e r v i c e  Module (034) S y s t e m s  A n a l y s i s  S t u d y  

was corld uc ted  t o  f u r t h e r  i d e n t i f y  Power Ex t e n s i o n  Package (PEP) s y s t e m  con- 

c e p t s  which would i n c r e a s e  t h e  e l e c t r i c a l  power and m i s s i o n  d u r a t i o n  

c a p a b i l i t i e s  o f  t h e  S h u t t l e  O r b i t e r .  Use o f  s o l a r  a r r a y  power t o  supplement  

t h e  O r b i t e r ' s  f u e l  c e l l / c r ' y o g e n i c  systeffi wil.l d o u b l e  t h e  power a v a i l a b l e  td 

p a y l o a d s  and more t h a n  t r i p l e  t h e  a l l o w a b l e  m i s s i o n  d u r a t i o n ,  t h u s  g r e a t l y  

improving  t h e  O r b i t e r ' s  c a p a b i l i t y  to s u p p o r t  t h e  pay load  n e e d s  o f  sortie m i s -  

s i o n s  ( t h o s e  i n  k ' d i ~ h  t h e  pay load  r e m a i n s  i n  t h e  Orbiter). 

To e s t a b l i s h  t h e  t e c h n i c a l  and programclat ic  b a s i s  for i n i t i a t i n g  hardware  

d e v e l o p n e n t ,  t h e  PEP c o n c e p t  d e f i n i t i o n  h a s  been r e f i n e d ,  and t h e  per formance  

c a p a b i l i t y  and t h e  m i s s i o n  u t i l i t y  o f  a  r e f e r e n c e  d e s i g n  b a s e l i n e  h a v e  been 

examined i n  d e p t h .  Design r e q u i r e m e n t s  and s u p p o r t  c r i t e r i a  s p e c i f i c a t i o n s  

have  been docunented , and e s s e n  ci n l  i m p l e m e n t a t i o n  p l a n s  h a v e  been p r e p a r e d .  

S u p p o r t i n g  t r a d e  s t u d i e s  and a n a l y s e s  h a v e  been comple ted .  

The s t u d y  repart c o n s i s t s  O i  2 documents :  

Volune 1 E x e c u t i v e  Summary 

Volune 2 PEP P r e l i m i n a r y  Design D e f i n i t i o n  

Volune 3 PEP A n a l y s i s  and T r a d e o f f s  

Volune 4 PEP F u n c t i o n a l  S p e c i f i c a t i o n  

Volune 5 PEP Envi ronmenta l  S p e c i f i c a t i o n  

V o l m e  6 PEP P r o d u c t  Assurance  

Volune 7 PEP L o g i s t i c s  and T r a i n i n g  P l a n  R e q u i r e m e n t s  

Volune 8 PEP O p e r a t i o n s  S u p p o r t  

Volume 9 PEP Des ign ,  k v e l o p a e n t ,  and T e s t  P l a n s  

Volune 10 PEP P r o j e c t  P l a n  - 1 Yolune 11 PEP C o s t ,  S c h e d u l e s .  and Work Weakdown Structur-1 

Volune 12 PEP Data  Item D e s c r i p t i o n s  
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FOREWORD 

The Power Extension Package (PEP) is a s o l a r  e l e c t r i c a l  power genera t ing  sys- 
tem to be used cn t h e  S h u t t l e  Orb i t e r  t o  augment its power c a p a b i l i t y  and t o  
conserve fue l  c e l l  cryogenic s u p p l i e s ,  the reby  i m r e a s l n g  power a v a i l a b l e  f o r  
payloads and allowing increaseri mission d u r a t i o n .  The O r b i t e r ,  supplemented by 
PEP, can provide up t o  15 kW cont inuous  power t o  t h e  ; ~ a y l o a d s  f o r  mius ic?s  o f  
up to 48 days dura t ion .  

When required f o r  a s o r t i e  miss ion,  PEP is  e a s i l y  i n s t a l l e d  wi thin  t h e  O r b i t e r  
cargo bay a s  a mission-depement k i t .  When t h e  $.*rating o r b i t  is reached,  t h e  
PEP s o l a r  a r r a y  package is deployed frcm t h e  Orb i t e r  by t h e  remote manipulator 
system (RHS) . The s o l a r  a r r a y  is then extended and o r i en ted  toward t h e  sun,  
which it t r a c k s  using an i n t e g r a l  sun sensor/gimbal system. The power gener- 
a ted  by t h e  a r r a y  is c a r r i e d  by c a b l e s  on t h e  RMS back i n t o  t h e  cargo bay, 
where it 1s processed and d i s t r i b u t e d  by PEP t o  t h e  Orb i t e r  load b u ~ e s .  After  
t h e  mission is completed, t h e  a r r a y  is r e t r a c t e d  and restowed wi thin  t b e  
Orb i t e r  f o r  e a r t h  r e t u r n .  

The f i g u r e  below shows the  PEP system, which c o n s i s t s  of two major assem- 
b l i e s  -- t h e  Array Deployment Assembly ( A D A )  and t h e  Power Regulation and Con- 
t r o l  Assembly (PRCA) -- p l u s  $he necessary  i n t e r f a c e  k i t .  It 13 nominally 
i n s t a l l e d  a t  t h e  forward end o f  t h e  Orb i t e r  bay above t h e  Spacalab t u n n e l ,  b u t  
c m  be located anywhere wi thin  t h e  cargo bay i f  necessary.  The ADA, bMeh is 
deployed,  c o i i s i s t s  o f  two l i g h t w e i g h t ,  f o l d a b l e  s o l a r  a r r a y  wings with t h e i r  
containment boxes and deployment masts ,  two diode assembly in te rconnec t  boxes,  
a sun  tracker/control/instrumentation assembly, a two-axis g imba l / s l ip  r i n g  
assembly, and t h e  RMS grapp le  f i x t u r e .  A l l  t h e s e  i t ems  a: c mounted t o  a sup- 
p o r t  s t r u c t u r e  t h a t  i n t e r f a c e s  with t h e  O r b i t e r .  The PRCA, which r e a a i n s  i n  
t h e  Orb i t e r  cargo bay, c o n s i s t s  o f  s i x  pulse-width-modulated vo l t age  regula- 
t o r s  mounted to t h r e e  cold p l a t e s ,  t h r e e  shunt r e g u l a t o r s  t o  p r o t e c t  t h e  
Orb i t e r  buses f r m  overvo l t age ,  and a power d i s t r i b u t i o n  and c o n t r o l  box, a11 
mouiited to a support  beam t h a t  i n t e r f a c e s  with t h e  O r b i t e r .  

PEP is  c m p a t i b l e  w i t h  a l l  c m - e n t l y  defined miss ions  and payloads and imposes 
minimal weight and valune p e n a l t i e s  on t h e s e  miss icns .  It can be i n s t a l l e d  and 
remov ed 
c y c l e  . needed a t  t h e  launch s i t e  wi th in  t h e  normal Orb i t e r  turnaround 
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Section 1 

IITRODUCTION 

This volume contains t h e  WBS, cns t  , schedule a?d funding information f o r  t h e  

PEE' p ro jec t .  The da ta  presented a r e  f o r  t he  Reference Design described i n  t h e  

technica l  volumes of t.his r e p z t .  The cos ts  and espec ia l ly  t h e  fmding  d i s t r i -  

bution provide f o r  minimm expenditure duriag t h e  f i r s t  year of t h e  p ro j ec t .  

Figure 1 presents  a top-level summarj s f  t he  cos t ,  schedule md funding da t a  

presented i n  the  r e s t  of t h e  volume. m e  f igure  co r r e l a t e s  t h e  m j o r  PPP 

scheaule milestones with current  Spacelab f l i g h t  dates .  The annual f i s c a l  

year funding shown across the  bottorr of t he  f i g i i a  i s  i n  r e a l  year  do l l a r s .  

These values were ca lcu la ted  by applying t h e  NASA di rec ted  7% annual escala-  

t i o n  r a t e  t o  t he  constant 1978 year d ~ l l a r s  used t o  document t h e  d e t a i l  cos t s  

presented i n  t he  r e s t  of t h i s  volume. 

CY I 1979 1 7980 I 1Wl I 1SEZ I 1W 1 1984 

PEP 
SYSTEM 

I I I I PEP I ; STUDY 

JSC RTO? 

ORBITER AND RMS 
ACCOHWDATIONS 

FUNDING RL YR f M  FY79 ( FYBO [ FY81 FY82 I FYB3 I FY84 

SYSlSUBSYS AND INTEG 1 1 5.6 1 23.3 1 14.0 1 -- 
SOLAR ARRAY I I PFP SVCTEPI 44.4 I f . - . -  .... -. 

ORBITER AND RI!S I i 0  ( 0.7 I 1.2 I - 
ACCOMMODATIOI'JS I 

Figure 1. PEP Project Schedule and Funding (Reference Configuration manning h l i n e )  

TOTAL 

42.9 
38.8 - 
81.7 
6 9 



Section 2 

KCHK BREAKDOWN STRUCTURE 

Tnis sec t ion  provides t he  WES f o r  t he  PEP p ro j ec t .  It shows t h e  r e h t i o n s h i 2  

of the FEF pro.ject t o  t h e  STS program along with providing d e t a i l  through 

Level 7 elemerrts. 

2.1 WORK B W D O k %  STRUCTURE DiAGRAM 

Figure 2 depicts  the  program KBS by the  major elements. A s  ind ica ted ,  t h e  

PEP project  is shown as a Level 3 projec t  of t he  ove ra l l  STS program. Level 3 

TE? project implementation would be through t h e  desicsirated Pro jec t  Off ice,  

Tie pro jec t  WBS Level d elements a re  organized s5milar t o  o ther  STS program- 

r e l a t e d  pro jec ts  and represent  t h e  a a j o r  elements of t h i s  p ro j ec t ,  including 

prime, associdte ,  and NASA c i ~ i l  serv ice  a d  support ccn t rac tor  elements. 

I " 

LEVCL 2 

1 - LEVEL 3 

ORBITER 

MODATIONS 

o ORBITER 

I - 
ACCOMMODATIONS 

I e INTER FACE 
L SUPWRT 

171 PROJECT 

I .  LEVEL (ASSOCIATE, PHltlE CONTRACTORS) (NASA Ai'JD SUPWRT CONTRACTORS) bm ACCOF!- t.400ATIOPJS 

* ATTACH CREW TRAINING FLIGHT @ GOVERPJHENT. 
PROVISIONS AND SUPPORT FURNISHED 

SIMULATION 0 TEST EXISTING 
OPE EVALUATION FACILITIES 

AND ANALYSIS 

Figure 2. PEP Project Elements 



I.. 

Figure :, depicts  Levels 5 ,  6 and 7 f o r  WBS Element 03, PEP Systehi. Level 5 

represents  t h e  system-level elements. Level 5 ,  F l igh t  Hardware element, i s  

f w t h e r  broken dcwn i n t o  Level 0 ,  en&-j.tem elements. Lower-level GBS elements 

w i l l  be defined Ly t he  contractor  e s  pa r t  of t he  Phase C / D  proposal and 

approved by JSC d ~ r i n g  the  i n i t i a i  p ro jec t  implenentation period.  F x  purposes 

of t h i s  study Level 7 i s  provided by a subsystem breakout t o  give adequate cos t  

v i s i b i l i t y  f o r  planning purposes. 

2.2 WORK BREAKDOWPi STEUCTURE DICTIONARY 

This sec t ion  p r o ~ i d e s  t h e  WBS Dictionary f o r  t h e  PEP Project .  

WBS Elesent 31- %-biter  Accommodations, provides f o r  Orbi te r  in tegra t ion  

support and Orbi ter  accommodations assuned t o  be done by the  Orbi ter  

contractor .  

WBS Element 02, RMS Accommodations, provides f o r  t he  modifications t o  be made 

t o  t h e  basic  MIS, cons is t ing  of t h e  a t t ach  provisions necessary f o r  i n s t a l l a -  

t i o n  of t h e  PEP BIG cable assembly. 

! 
L 

WBS Zlement 03, PEP System, encompasses a l l  e f f o r t ,  mater ia l s ,  too l ing ,  

scpport equipment, hardware and serv ices  t o  design, deveLop, t e s t ,  produce 

and support t he  i n i t i a l  operation of t h e  Orbi te r  Power Extension Package 

(PEP). 

Work i s  nc t  performed nor i s  cos t  estimated o r  co l l ec t ed ,  a t  t h i s  level cf 

the  WBS. Rather, t h i s  element summarizes t h e  following WBS elements: 

VBS element T i t l e  - 
301 Project  Masap,ment 

30 2 Sysfuem Engineering and In tegra t ion  

30 3 Fl ight  Hardware 

30 4 Ground Support Equipment 

305 Sys tems Test Evaluation 

30 7 Logist ics  

30 8 Ground OperaCions Support 

309 Fl ight  Operations Support 

MCDONNPLL DOUGLAS s 
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WBS Element 301, Project  Mmageaent, encompasses t h e  overa l l  administrat ive 

- e f f o r t  cf planning, org=icing, d i r ec t ing ,  coordinating, cont ro l l ing  @d 

approving pro jec t  a c t i v i t i e s .  

Included =e such a c t i v i t i e s  a s :  p o j e c t  d i r ec t ion  and cor,trol, ,::k WUL . ~ i -  

zat ion,  s t a t u s  reviews and progress evaluat ion,  configurat ion mwagement, ailta 

preparat ion and ganagement, budgeting, scheduiing, conduzt of pro jec t  reviews, 

customer l i a i s o n  and subcontract administrat ion.  

WEiS Element 302, System Engineering and In tegra t ion ,  

and managerial e f f o r t  of def ining the  PEP system and 

planning and cont ro l  of t h e  technica l  a c t i v i t i e s .  

encompssses t h e  technica l  

pravidlng in tegra ted  

' Included a r e  such a c t i v i t i e s  as:  performing systenr-level analyses and t r ade  

s tud ie s ,  developing system spec i f i ca t ions ,  aef in ing  and cont ro l l ing  in t e r f aces ,  

conducting r e l i a b i l i t y  s tud ie s  and analyses,  human e-o ineer ing  , qual i ty  engi- 

neering, s a fe ty  analyses ,  main ta inabi l i ty  analyses ,  preparat ion of a  general 

t e s t  plan , l i fe -cyc le  cos t  ana lys i s ,  conduct design reviews, technica l  l i a i s o n  

with the  customer and assoc ia te  contractors  and operation of an engineering 

check and re lease  system. 

WBS Element 303, F l igh t  Hardware, encompasses t he  e f f o r t  required t o  design, 

develop, manufacture and acceptance t e s t  t h e  PEP f l i g h t  hardware. 

Work is not performed, nor i s  cost  estim:ed o r  co l lec ted ,  a t  t h i s  l e v e l  of 

t he  WBS. Rather, t h i s  element s m a r i : e s  t h e  following WBS element: 

WBS element --- T i t l e  

30398 In4,egrat ion ,  F ina l  Assembly and Checko~t  

30301 Array Deplopent  Assemkly 

30302 Power Regulation and Control -4ssembly 

30303 In t e r f ace  K i t  

FJBS Element 30398, In tegra t ion ,  F ina l  Assembly and Checkout, encompssses t h ~  

e f f o r t  which cannot be r ead i ly  assigned t o  any o ther  subelement of WBS 303 

( non-separable e f f o r t  ) o r  thttt  e f f o r t  which in t eg ra t e s  hardware/services pro- 

vided by two o r  more 
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Included a r e  such a c t i v i t i e s  a s  : t h e  ?reparation of engineering layouts  and 

i n s t a l l a t i o n  urawings; t h e  preparat ion of acceptance procedures, t he  f i n a l  

f a c t o r j  assembly of hardware i c t o  de l iverable  e n t i t i e s ,  t he  condu7t of factory 

acceptance t e s t s ,  the  design and manufacture of mating/attachment hardware, 

t he  design maintenance e f f o r t ,  t h e  packaging and shipping t o  t he  system t e s t /  

launch preparation locat ions:  t he  design and manufacture of spec i a l  t e s t  

equipme~t  which i s  eicployed a w i n g  f i n a l  f ac t a ry  acceptance t e s t s ,  t h e  main- 

tenance of a l l  production too l ing  and the  conduct sad evaluat ion of in tegra ted  

development t e s t s  ( including the  design and r:anufacture of t e s t  f i x t u r e s ,  

instrumentation and t e s t  ccnswrables ) . 

WBS Element 30301, Array Deployment Assembly, enc9mpesses t h e  e f f o r t  t o  design, 

develop, manufacture and assemble t h e  Array Deployment Assembly (ADA) . 
Work i s  not performed, nor is  cos t  estimated o r  co.' ~ e c t e d ,  a t  t h i s  l e v e l  of 

the WBS. Rather, t!lis element summarizes t h e  following WBS element: 

WBS dement - T i t l e  - 
3030101 Mechanlcal/Structural 

3030102 E l e c t r i c a l  Powe? 

3030103 Solar  Array 

30 30104 Avionics and Gontrol 

3030198 Assembly and Test 

KiS Element 303OlC1, Mechanical/Structural,  encompasses t h e  design, develop- 

ment, manufactwe and assembly e f f o r t  required t o  provide the  mechanics1 o r  

s t r u c t u r a l  subsystem components of t h e  JWA, 

Ircluded In the  mechaaical/struct-ma1 subsystem a re  t he  mast can i s t e r  suspen- 

s ion and lockout mechanism, s o l a r  a r ray  support s t m c t u r & l  assembly and 2-axis 

s o l a r  array dr ive  gimtal assembly. 

Included a r e  such a c t i v i t i e s  as  : pe r fom design malyses  and t r a d e  s tud ie s ,  

prepere d e t a i l  design drawings, prepare procurement spec i f i ca t i ans  , manufac- 

t u re  hardware, design and manufhcture production too l ing ,  plan and conduct 

developinent and qua l i f  i c a t i o i  t e s t s  ( including t e s t  f i x t u r e s  , instrumentation 

and t e s t  conswnables), perform acceptance t e s c s ,  manufacture de l iverable  

spares and procure material/hardvare from suppl ie rs  aild subcoctractors .  
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WBS Element 3030102, E l e c t r i c a l  Power, encompasses t he  d e s i g ~ , ,  development, 

nsr.ufacture and assembly e f f o r t  required t o  provide t h e  e l e c t r i c a l  power 

subsystem components of t h e  ADA. 

Included i n  t he  e l e c t r i c a l  power subsystem a r e  t h e  power cable assembly and 

ar ray  diode assembly. 

Include3 a re  such activities as :  perform design analyses end t r ade  s tud ie s ,  

prepare d e t a i l  design drawings, ;epare procurement spec i f i ca t ions ,  manufac- 

t u r e  ha rdwre ,  design and manufacture production too l ing ,  plan and conduct 

development and qua l i f i ca t ion  t e a t s  ( including t e s t  fixt-ures , instmmentat ion 

and t e s t  consumables) , perform acceptance t e s t s ,  manufacture de l iverable  

spares ,  procure material/hardware from suppl ie rs  and subcontraztors . , 

WBS Element 3030103, Solar  Array, encompasses t h e  design, development, 

mmufacture end assembly e f f o r t  required t c  p r o v , . ~ ~  t h e  so l a r  a r ray  components. 

Included i.n the  s o l a r  a r ray  a r e  t h e  wing box assembly and mast assembly. 

Included are  such a c t i v i t i e s  as :  perform design analyses and t r ade  s t u d ~ z s ,  

prepare d e t a i l  desigy* d;.avings, p r e p r e  procurenent spec i f i ca t ions ,  manufac- 

t u r e  hardware, design and manufacture producticy too l ing ,  plan and conduct 

development and qua l i f i ca t ion  t e s t s  ( including t e s t  f i x t u r e s ,  instrumentation 

and t e s t  consumables) , perform acceptance t e s t s ,  manufacture de l iverable  

spares ,  procure material/hardware from suppl ie rs  and subcontractors.  

WBS Element 3030194, Avionics and Control,  ericompasses the  design, develop- 

ment, manufacture and assembly e f f o r t  requi1:4 t o  provide t h e  avionics and 

cont ro l  subsystem components of t h e  ADA. 

Included i n  t1.e avionics and cont ro l  subsystem a r e  t h e  point ing and cont ro l  

e l e c t r o n i ~ s  ausemily , 2-axis a r ray  point ing sun sensor assenhl.y, sun sensor 

assembly, command and cont ro l  harness  an^ instrumentation harness.  

I r c l u i e d  a re  sach a c t i v i t i e s  as:  perform desiga analyses end t rade  studies, 

prepare d e t a i l  design 

t u r e  hardware, design 

drawings, prepare procur'einent spec i f i ca t ions ,  manul'ac- 

and manufacture production too l ing ,  p1.a~ cnd condu-", 



develcpment and qua l i f i ca t ion  t e s t s  ( including t e s t  f i x t u r e s ,  instrumentation 

and t e s t  c o n ~ ~ a b l e s ) ,  perform acceptance t e s t s ,  manufacture de l iverable  

spares ,  procure material/hardware from suppl ie rs  and subcontractors.  

FIBS Eleinent 3030198, Assembly ana  Test ,  encompasses t he  end item assembly and 

acceptance t e s t i ~ g  e f f o r t  required t o  i n t eg ra t e  t h e  subsystems of t h e  ADA. 

' D S  Element 30302, Power Regulation and CorArol Assembly, enconpasses t he  

e f f o r t  t o  design, develop, nanufacture and assemble t h e  Power Regulation 

anc! Control Assembly (PRCA) . 

Work i s  not performed, nor i s  cos t  estimeted o r  co l lec ted ,  at  t h i s  l e v e l  of 

t he  WBS. Bather, t h i s  element summarizes t h e  following WBS elements: 

WBS elexrient Title.  -- 
3030201 Mechanical/Structural 

3030202 Elec t r ica l  Power 

3030203 Therizal Control 

3030204 Avionics and Contra1 

3030298 Assembly and Test 

\ B S  Element 3030201, !lechznical/StructuraI, encompasses t h e  design, develcp- 

ment, manufacture and asseubly e f f o r t  required t o  provide t h e  meek.-anil:al/ 

s t ruc tursh  s~bsys t em conponents cf t h e  PRCA. 

Irlcluded i n  t h e  mechanical/structural subsystem i s  t h e  s t r u c t u r a l  assembly. 

Included are  such a c t i v i t i e s  as:  perform design analyses and t rade  s tud ie s ,  

prepare d e t a i l  design drawings, prepare procurement spec i f i ca t ions ,  manufac- 

t u r e  hardwzre , design and manufacture prodwt ion  t co l ing  , plan and conduct 

development and gua l i f ica t ion  t e s t s  ( including t e s t  f i x t u r e s ,  instrumentation 

and test .  cons~mables) ,  perform acceptance t e s t s ,  manufacture de l iverable  

sFares,  procure materialjhardware from suppl ie rs  and subcontractors.  

KEG Element 3030202, E l e c t r i c a l  Power, encompasses the  des ig , ,  development, 

manufacture and assembly e f f o r t  required t o  provide the  elec:. r i c a l  power 

subsystem components of t h e  PRCA. 



Included i : ~  t h e  e l e c t r i c a l  power subsystem a r e  t h e  power d i s t r i b u t i o n  box ,  

voltage regula tors ,  power cable assembly, and shunt vol tage l i m i t e r .  

Included a r e  such a c t i v i t i e s  as: perform design analyses and t r ade  s tud ie s ,  

prepare d e t a i l  design drawings, prepare procurement spec i f i ca t ions ,  manufac- 

t u r e  hardware, design and naEufacture production too l ing ,  plan and conduct 

development and qua l i f i ca t ion  t e s t s  ( including t e s t  f i x t u r e s ,  instrumentation 

and t e s t  consumables), perform acceptance t e s t s ,  msnufacture de l iverable  

spares ,  p o c u r e  nater iai lhardware from suppl ie rs  and subcontractors.  

WBS Element 3030203, Thermal Control, encompasses t h e  design, development, 

manur i c t u r e  and assembly e f f o r t  required t o  provide t h e  thermal cont ro l  

subsystem components of t h e  PRCA. 

Included i n  t h e  thermal cont ro l  subsystem and t h e  vol tage regula tor  cold 

p l a t e s  and cold p l a t e  plumbing assembly. 

Included a r e  such a c t i v i t i e s  as:  perform design analyses and t r a d e  s tud ie s ,  

prepare d e t a i l  design drawings, prepare procurement spec i f i ca t ions ,  manufac- 

t u r e  hardware, design and manufacture production too l ing ,  plan and conduct 

development and q t ia l i f ica t ion  t e s t s  [ including t e s t  f i x t u r e s ,  instrumentation 

and t e s t  consunables), perr'o~m acceptanze t e s t s ,  manufacture de l iverable  

spares ,  procure materiallhardware from supp l i e r s  ana subcontractors.  

WBS Element 3030204, Avionics and Control,  enconqasses t h e  design, develop- 

ment, manufacture and assembly e f f o r t  required t o  provide the  avionics and 

cont ro l  subsystem compcnents of t h e  PRCA. 

Included i n  the  avionics and cont ro l  subsystem a r e  t h e  da ta  bus coupler 

assembly, multiplexer/demultipiexer assembly, command and cont ro l  harnass 

and instrumentation harness. 

Included a r e  such a i t i v i t i e s  a s :  perform design analyses m d  t rade  s tud ie s ,  

prepare d e t a i l  design drawings, prepare procurement speci  f i c s t i ons  , mandf ac- 

tUqe hardware, design and manufacture production too l ing ,  plan and conduct 

developmect and qua l i f i ca t ion  t e s t s  ( including t e s t  f i x t u r e s  , instrumentation 

and t e s t  consumables) , perform acceptance t e s t s ,  manufacture de l iverable  

spares ,  ;?yocure material/hardware from suppl ie rs  and subcontractors ,  



WBS Element 3030238, Assembly and T e s t ,  encompasses t h e  end i tem assembly 

and acceytance t e s t i n g  e f f o r t  r equ i red  t o  i n t e g r a t e  t h e  subsystems o f  t h e  

PRCA. 

WBS Jilenient 30304, I n t e r f a c e  K i t ,  encompasses t h e  e f f o r t  t o  dcs ign,  develop,  

m n u f a c t u r r  and assemble t h e  I n t e r f a c e  K i t .  

'ihe I n t e r f a c e  K i t  c o n s i s t s  o f  a  payload r e t e n t i c n  l a t c h ,  custom Yo l o a d  

f i t t i n g ,  Rh!S paver  c a b l e  assembly, bus couyler ibus  t e rmina t ion  harness ,  

ins t rumentat ion harness ,  power c a b l e  assemblg and custom b r i d g e  f i t t i n g .  

Included a r e  such activities as: perform des ign  m a l y s e s  and t r a d e  s t u d i e s ,  

prepare  d e t a i l  des ign dravings ,  p repare  pi-ecurement s p e c i f i c a t i o n s ,  manufac- 

t u r e  hardware, des ign and manufacture product iofi t o o l i n g ,  ? lan and conduct 

development and q u a l i f i c a t i o n  t e s t s  ( i c c l u d i n g  t e s t  f i x t u r e s  , ins t rumenta t ion  

and t e s t  c o n s m s b l e s ) ,  perform acceptance t e s t s ,  manufacture d e i i v e r ~ b l e  

s p a r e s ,  procure ~ a t e r i d / n a r d w a r e  from s u p p l i e r s  and subcont rac to rs .  

\ES Element 304, Grocnd Support Equipment, encompasses t h e  e f f o r t  t o  des ign ,  

aeveiop,  manufacture and assemble PEP Ground Support luipment ( W E ) .  

GSE i s  used t o  support  and maic te in  t h e  PEP system o r  p o r t i o n s  o f  t h e  system 

whi le  it i s  not  d i r e c t l y  engaged i n  t h e  performance o f  i t s  mission.  E l e c t r i c a l  

GSE inc ludes  t h e  S o l a r  Array S imula tc r ,  Power Bus Load Simulator ,  C a n i s t e r  

E l e c t r i c a l  Simulator ,  I n t e r f a c e  Tes t  Unit and t h e  O r b i t e r  Zable Simdlator .  

blecnanical GSE includes  t h e  Thenaal Condit ioning G c i t ,  Freon Leak Detec to r ,  

1x3 Strongback, PEP Test  F i x t u r e ,  PEP Transpor te r ,  PGM Ada2ter and t h e  

T r m s p o r t a t i o n  K i t .  

Included a r e  such a c t i v i t i e s  as: perform design ana lyses  snd t r a d e  s t u d i e s ,  

prepare  d e t a i l  des ign drawings, prepare  procarement s p e c i f i c a t i o n s ,  msnufuc- 

t u r e  hardware, p l a n  and conduct development and q u a l i f i c a t i o n  t e s t s  ( i n c l u d i n g  

t e s t  f i x t u r e s ,  ins t rumentat ion and t e s t  cofisumables) , perform acceptance t e s t s ,  

manufacture d e l i v e r a b l e  s p a r e s ,  procure m a t e r i a l / h u d w a r e  from s u p p l i e r s  and 

subcoz t rac to rs ,  package and s h i p  completed end i tems t o  t h e  us ing  l o c a t i o n s .  
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WES Element 305, System Test and Eva'Luation, encompasses t h e  e f f o r t  r e q u ~ r e d  

t o  plan, conduct m d  evaluate  PEP systeu-level t e s t s .  

Included are  such a c t i v i t i e s  as  : design and manufaeture of t e s t  specimens 

and t e s t  f i x tu re s ,  preparat ion of t e s t  procedures, conduct of  t e s t s ,  r ed i~c t ion  

and evaluation of t e s t  data ,  design and manufactwe of mockups and simulators.  

Special  t e s t  equipment, instrumentation and t e s t  consuma%les are a l s o  included. 

Testing which can be spec i f i ca l ly  associated with a hardware element is 

excluded. Test  specimens which a r e  i d e n t i c a l  t o  production u n i t s  a r e  a l s o  

excluded. 

UBS Element 307, 

mznt a l o g i s t i c s  

Logis t ics ,  eccompasses t h e  e f f o r t  require6 t o  plan and imple- 

support system f o r  t h e  PEP. 

Included a re  such a c t i v i t i e s  as :  develop a Logist ics  Support Plan, prepare 

manuais f o r  operat ing and maintaining PEP equipment, implement a spares / repa i r  

p a r t s  provisioning program, develop a t r e i n i n g  program and conduct t r a i n i n g  

classes .  

W3S Element, 3G8, Ground Operations S ~ p p o r t ,  emompasses t h e  e f f ~ r t  required 

t o  prepare t h e  PEP hardware f o r  launch f o r  t h e  qualFficst ion f l i g h t .  

Included a re  such a c t i v i t i e s  as:  hardware unpacking and receiving inspect ion,  

t ranspor ta t ion  t o  s torage o r  assembly a rea ,  preparat ion f o r  launch operations 

( f i n a l  assenibly, adjustments/alignments , loading of consumables, e t c .  ) , prepa- 

r c t i on  and coordination of t imel ines  

installation/inteqration operat ions,  

down operations ( including P re f l i gh t  

f o r  ground operat ions.  monitoring Orbi te r  

support t h e  pre-Launch and lsunch couat- 

Readiness Reviews ) . 

WBS Element 309, F l igh t  Operations Support, encompasses t h e  e f f o r t  required 

t o  support and evaluate  t he  i n i t i a l  PEP f l i g h t  operations.  

Included a re  such a c t i v i t i e s  as:  p a r t i c i p a t e  i n  mission planning a c t i v i t i e s ,  

develop operat ional  softwa?e per ta in ing  t o  i n f l i g h t  deployment/operation, 

evaluate performance da ta ,  prepare da t a  evaluat ion repor t .  



- WBS Element 04, In tegra t ion  Testiug, and 105, Mission Planning and Operations, 

provide f o r  t he  PEP-peculiar NASA c i v i l  se rv ice  and support contractor  a c t i v i -  

t i e s  of in tegra t ion  t e s t i n g  and mission planning and operat ions at JSC and 

KSC. T k 3 e  elements w i l l  be expanded by JSC. 

WBS Element 06, F a c i l i t i e s ,  provides f o r  t h e  f a c i l i t i e s  required f o r  PEP o the r  

than contractor  f a c i l i t i e s .  It i s  assumed t h a t  e x i s t i n g  Government f a c i l i t i e s  

a t  J S C  and KSC w i l l  be made ava i l sb l e  and a r e  believed t o  be e s s e n t i a l l y  

adequate. Any minor modifications,  i f  required and iden t i f i ed  as PEP-peculiar, 

would 'ce included herein.  



Section 3 

GROUNDRULES AND ASSUMPTIONS 

The following groundrules were used i n  construct ing t h e  schedules and 

e s t i a a t l n g  t h e  cos ts :  

1. A l l  cos t s  a r e  i n  constant F i s c a l  1978 do l l a r s .  

2. Costs exclude prime contractor  and s o l a r  array subccniractor  f ee .  

3. ATP is t o  be 1 Octuber 1981. I O C  of f i r s t  PEP is  1 Apr i l  1983. The 

seconr? PEP is  del ivered 15 Ju ly  1983. 

4. No dedicated systems t e s t  f l i g h t  a r t i c l e  is  required. System quali-  

f i c a t i o n  i s  accomplished by f i r s t  f l i g h t .  

5. m e  s o l a r  array is  t o  be provided by a subcontrsctor  and del ivered 

t o  t he  prime contractor 's  f a c i l i t y  f o r  assembly i n t o  t h e  PEP p r i o r  t o  de l ivery  

t o  NASA. 

6 .  NASA suppcrt contractor  cos ts  of $0.5 mi l l ion  a r e  included i n  t h e  

cos ts  whicn were provided t o  NDAC by JSC during 1978, and requi re  upda5ing. 

7. Costs f o r  Orbi ter  accommodation were furnished by NASA and a r e  

assumed t o  be ~ e r f o r m e d  i n  a separa te  cont rac t .  

8. Costs f o r  t h e  RMS accommodation (SCARS) were furnished by vendor 

est imate and w i l l  be performed under a separate cont rac t .  The EMS cable 

assembly cos t s  a r e  included i n  t h e  In t e r f ace  K i t  es t imate.  

9. Solar  a r ray  cos ts  a r e  based on da t a  provided by vendor e s t i m ~ t e  and 

a r c  adjuste? t o  r e f l e c t  t h e  reference design. 

10. The cos t s  include development and de l ivery  of 2 s e t s  of PEP .!ardware 

and moc7,ificat.ion or' 2 Orbi ters .  

11. Cost include a c t i v i t i e s  through one f l i g h t  of  PEP 1 and del ivery of 

t h e  second PEF t o  KSC. 



Section 4 

PROJECT COSTS 

The cos t  es t imate f o r  t h e  Orbi te r  accommodations was suppl ied by NASA. The 

breakdown between development and production w a s  assumed by MDAC cos t  personnel. 

The cos ts  f o r  t h e  RMS accommodations were supplied by SPAR with t h e  assumption 

t h a t  t he  cos t  includes only t h a t  due t o  t h e  modifications t o  t h e  base l ine  SiUvlS 

which a r e  i n  excess of t h e  recur r ing  cos t s  of  a s tandard SRMS system. 

4.1 COST AFPROACI~/MM~HODOLOGY 

The cos t s  f o r  t h e  PEP system were estimated using CERs, vendor data ,  d i r e c t  

es t imates  and f ac to r s .  

The parametric est imates  used CERs t h a t  a r e  based on h i s t o r i c a l  inforrllation 

i n  t h e  MDAC da ta  bank and da t a  published by SAMSO. The CER; based on t h e  

MLAC da t a  bank r e f l e c t  da ta  p r inc ipa l ly  from t h e  Saturn S-IVB, Spacelab Tunnel 

&id Delta  programs. The o lde r  da t a  were adJustea by using technology f a c t o r s  

from SAMSO. (Reference : "~echnology Carryover Factors  ,I1 Table V-3, page V-11 

of rJm,anned Spacecraft Cost Mcdel , SAMSO TR-78-61, 4th Edit ion,  February 1978. ) 

These fac tors  recognize t h a t  t he  manhours required t o  design and f ab r i ca t e  an 

item using c w r e x t  technology a r e  d i f f e r en t  t k ? ~  t h e  manhours required t o  pro- 

duce t h e  same item with e a r l y  technology. 

Anelysis of recent da ta  from t h e  Delta  prcgram provided information s u i t a b l e  

f o r  der iving a CER f o r  machined f i t t i n g s .  To assure t h e  new CER was compati- 

b l e  wLth the  ex i s t i ng  ca ta log  of CERs, t h e  r a t i o  21 t h e  cos t  o f  f i t t i n g s  t o  

normal s t ruc tu re  i n  t he  Delta  program was a p ? l i ~ d  t o  t h e  catalogued CER used 

f o r  normal s t ruc tu re .  This technique preserved t h e  cor rec t  r a t i o  betweer. t h e  

cos t  of normal s t ruc tu re  and machined p a r t s .  



The ~ R S ~ C  non-recurring cos t s  f o r  t h e  items were adjusted t o  r e f l e c t  whether 

t he  item was a new development, off-tke-shelf item, o r  an ex i s t i ng  item t h a t  

required modification t o  meet t h e  requirements of t h i s  program. Xf an item 

was considered off-the-shelf,  a minimum of  10% of  t h e  new engineering develop- 

ment cost  was estimated a s  necessary t o  cover such e f f o r t  a s  locat ing t h e  

item, ver ifying it met t h e  requirements and including t h e  item on t h e  appro- 

p r i a t e  drawings and p a r t s  l is ts .  I f  an item exis ted ,  but  required minor 

modifications,  a l a r g e r  f a c t o r  was used. 

Vendor quotes were obtained on many of  t h e  off-the-shelf components f o r  t h e  

various subsystems. 

Nost nonstructural  production cos ts  were generated by d i r e c t  es t imate v i a  

MDAC ' s Pr ic ing  department . 

Tile system l e v e l  

f ac to r s  used, i n  

cos t s  were fac tored  from t h e  f l i g h t  hardware end items. The 

general,  a r e  a s  follows: 

RR REC 

Project  Management 0.05 0.05 

SEE1 0.25 0.10 

Assembly and Test 0.08 - 0.32 

GSE 0 . l o  

The cost  es t imate f o r  i n t eg ra t ion  t e s t i n g  was supplied by NASA. 

4.2 DEVELOPIGNT/PRODUCTION COST ZSTIMATE 

4.2.1 Cost Estimate by WBS Items (Data Form A )  

Table 1 displays cos t  es t imates  f o r  spec i f ied  WBS i tems, t h e  5ime-phasing 

recommended t o  spread t h e  cos ts  f o r  funding purposes, and a method t o  derive 

unit cos ts  f o r  recur r ing  items. 

Each item of cost presented on Data Form A w i l l  be i d e n t i f i e d  by i t s  occur- 

rence i n  t he  WBS. Separat * cos t s  estimates a r e  presented for  t h e  non- 

recurr ing (development) a c t i v i t i e s  and recur r ing  (production) ac i i v i t i e s  . 
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Development a c t i v i t i e s  include design, development and t e s t  l abo r ,  ground 

t e s t  hardware and system t e s t  l abor  and hardware. Production a c t i v i t i e s  

include f&br ica t ion ,  manufacture, a s s a b l y  and mater ia l s  f o r  t h e  f l i g h t  u n i t s  

a s  wei l  a s  i n i t i a l  spares .  

A descript ion of t h e  contents of each column of  t h e  form follows: 

1. Iden t i f i ca t ion  Number - t h e  appropriate  WBS code corresponding t o  

t he  item of cost .  

2. WBS I d e n t i f i c a t i o n  - t h e  name o r  t i t l e  of  t h e  WBS zlement; i . e . ,  

~ c t r i c a l  power, avionics and cont ro l ,  e t c .  

3.  WBS Level - t h e  appropriate  l e v e l  of t h e  occurrence of  t h e  item i n  

the  ICES o r  PIL ( ~ e v e l  3,  4, 5 ,  e t c .  ) . 
4. Number of 'Jnits - t h e  quant i ty  of u n i t s  f o r  each WBS i tem used i n  

the  production and operations phases of t h e  program. A value w i l l  not appear 

i n  t h i s  c o l m  f o r  t h e  non-recurring category. 

5 .  Expected Cost - t h e  est imate of t h e  most probable cost o r  t h e  item 

f o r  the  category mder  considerat ion (non-recurring o r  recur r ing) .  For pro- 

duction items, regardless  of quant i ty ,  t he  expected cos t  w i l l  be t h e  reference 

u n i t  coot with successive item cos t s  being determined e i t h e r  by averaging 

techniques o r  learn ing  r a t e s .  The assumption t h a t  t h e  Government w i l l  fu rn ish  

the  item w i l l  be ind ica ted  by displaying "GFE" i n  t h e  colunzn. The term 

"reference un i t "  is  the  production sequence number of t h e  first u n i t  t h a t  i s  

used i n  t he  recur r ing  phase of t h e  program. 

6 .  Lead Time - t'ne number of  months between beginning of  cos t  accrual  

and l a m c h  milestone da:e. For t h e  production and operations a c t i v i t i e s ,  

l ead  time w i l l  be given f o r  t:.t reference u n i t .  

7 .  Cost Duration - t h e  time elapsed f ron  beginning t o  end of cos t  accrua l  

f o r  t hc  individual  l i n e  item. 

8.  Spread Function - an index number represent ing a cos t  d i s t r i b u t i o n  

curve which t h e  e s t i a a t o r  recommends f o r  t h e  time phasing of Column F cos ts  

over t he  cos t  duration a s  shown i n  Column ( J ) . 
9 ,  Learning Index - a numerical index of a learn ing  r a t e  r e l a t e d  t o  t n e  

r e p . ~ ~ . r i n g  cost  i n  Column F, which, i n  conjunction with t h e  da t a  i n  col?mis D 

and E, w i l l  provide a method of obtaining u n i t  cos ts .  

MCPONNILL DOUGLAS s 



The t o t a l  program cost  f o r  t h e  PEP pro jec t  i s  estimated t o  be $66.856 mi l l ion  , 

with $5.323 mi l l ion  o r  d% of  t he  cos ts  i n  Orbiter/RMS accommodstions and 

$61.533 mil l ion o r  92% of t h e  cos ts  i n  t he  PEP systems. The $5.323 mil l ion 

breaks down i n t c  $3.728 ini l l ion o r  70% f o r  non-recurring (development) and 

$1.595 mil l ion o r  30% f o r  recurr ing (production).  The $61.533 mi l l ion  breaks 

down i n t o  $26.902 mi l l ion  o r  44% f o r  non-recurring (development ) and $34.631 

mi l l ion  o r  56% f o r  recur r ing  (product ion) ,  

The PEP system cos t  of $61.533 mi l l ion  i s  c l a s s i f i e d  i n t o  th ree  major areas:  

f l i g h t  herdware (without s o l a r  a r r a y ) ,  s o l a r  a r r ay  and 

f l i g h t  hardware (without s o l a r  a r r ay )  contains $20.076 

PEP system cost .  

The $20.076 mi l l ion  breaks down i n t o  29.086 mi l l ion  o r  

(development ) and $10.990 mi l i ion  o r  55% f o r  lVecurr ing 

The s o l a r  a r ray  contains  $29.345 m i l l i m  or  48% of t h e  

$29.345 mi l l ion  breaks down i n t o  $8.224 mi l l ion  o r  28% 

(development) and $21.121 mi l l ion  o r  72% f o r  recur r ing  

system l e v e l .  The 

mi l l ion  o r  33% of  the 1 i 
i 

45% f o r  non-recurring 

( p r o d ~ ~ t i o n )  . 

PEP system cos t .  The 

f o r  non-recurring 

(productiori) . 

*The systerr: l e v e l  contains $12.112 milli inl  o r  20% of t h e  PEP system cos t .  The 

$12.112 mi l l ion  breaks down i n t o  $9.55 mi l l ion  o r  79% f o r  non-recurriag 

(development) and $2.520 mi l l ion  o r  21% f o r  recur r ing  (production) , 

The f l i g h t  hardvare (wichout s o l a r  a r r ay )  cost  of $20.076 mi l l ion  i s  s p l i t  

i n t o  four major categories;  ADA, PRCA, I n t e r f ace  K i t ,  and Integret;ion/Final 

Bssembly and Checkout. The ADA contains $9,415 mi l l ion  o r  47% of the  f l i g h t  

hardware (without s o l a r  a r r ay )  c o s t ,  

The $9.415 mil l ion breaks down i n t o  $6.1114 mi l l ion  o r  68% f o r  non-recurring 

(development) and $3.001 mi l l ion  o r  32% f o r  recur r ing  (product ion) .  

!7he PRCA contains $4,574 mi l l ion  o r  23% of  .the f l i g h t  hardware (without 

s o l a r  a r r ay )  cos t .  The $4,574 mi l l ion  breaks down i n t o  $1.783 mi l l ion  o r  

39% f o r  non-recurring (development) and $2,791 mi l l ion  o r  61% f o r  recur r ing  

(prcduct ion) .  



The In te r face  K i t  contains $3.253 mi l l ion  o r  162 or' t h e  f l i g h t  hardware 

(without so l a r  a r ray)  cos t .  The $3.253 mi l l ion  breaks down i n t o  $1.826 

n i l l i o n  o r  56% f o r  non-recurring (development ) and $1.427 mi l l i on  o r  44% fo i  

recur r ing  (production) . 

~ n t e g r a t i o n / F i n a l  Assembly and Checkout contains $2.835 mii l ion o r  14% of 

t he  f l i g h t  hardware (without s o l a r  a r rhy)  cos t .  The 2.835 mi l l ion  breaks 

down i n t o  $0.967 mill ion o r  345 f o r  non-recurring (development ) and $1.8b8 

L l l i o n  o r  66% fo r  recurr ing (product ion) .  

4 . 2  Cost Estimating Methodology and Technical Charac ter i s t ics  - (Data Form C) 

Table 2 provides t h e  data needed t o  allow NASA t o  evaluate cont rac tor  cos t  

es t imates .  It presents  t he  technica l ,  physical  and mission c h a r a c t e r i s t i c s  

which may have s ign i f i can t  e f f e c t  on t h e  cos t  of an item. 

A descr ipt ion of each column of t he  form follows: 

A. (1) WBS ~ d e n t i f i c a t i o n  Number - t h e  appropriate  WBS code corres- 

ponding t o  t h e  Item. 

( 2 )  WBS Name - t h e  alphanumeric nomenclature of  t h e  itein f r ~ m  the  

WBS (not  l imi ted  i n  l eng th ) .  

B. Cost Estimate - estimated cos t  of t h e  WBS item under consideration. 

C. Type of Estimate - ind ica te  whether t h e  estimate i s  tr d i r e c t  e s t i -  

mate of manpower and mater ia l s  ( d )  , based on a vendor q w t e  !v), a parametric 

estimate ( P ) ,  provided by NASA ( N ) ,  o r  fac tored  from t h e  f l i g h t  hardware ( F ) .  

D. H i s to r i ca l  Data Used - ind ica te  t h e  h i s t o r i c a l  program considered 

most analogous t o  t h e  one being estimated. 

E. Complexity Factor Applied - ind ica te  whether t h e  subsystem being 

costed i s  more o r  l e s s  complex than t h e  h i s t o r i c a l  one ' ,d which it i s  belng 

compared. A complexity f ac to r  of 0.5 would ind ica te  t h a t  t h e  subsystem being 

costeci i s  one-half a s  complex as t h e  analogous program c i t e d  i n  columr. I); T.0 

complexity would ind ica te  equal complexity, and 2.0 would r e f l e c t  a new sub- 

system twice as  camplex as t he  one t o  which it i s  being compared. 

F. Quanti ty  o r  Value - t h e  numerical quant i ty  o r  value of t h e  charac- 

t e r i s t i c  under consideration. 
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G .  Key Technical Charac ter i s t ic  - the ,dent i f ica t ion  of t he  technica i  

property under consideration. Examples include : (1) s iz ing  parameters 

(weight, KWH, 7-olurne, e t c .  ) , ( 2 )  performance parameters (minimum a t t i t u d e ,  

charge r a t e ,  e t c .  ) , ( 3 )  r e l i a b i l i t y  p a r m e t e r s  !mission durat ion,  maximum 

operating dis tance from e a r t h ,  e t c .  1. 
H. Remarks - any b r i e f  comments o r  explanations xhic:i w i l l  increase t h e  f 

k 
c l a r i t y  of the  information presented. 

- 4.2.3 a u i v a l e n t  Hardware Quan t i t i e s  (cos t  3a t a  Fom H )  

Table 3 shows the  equivalent un i t s  ( f r a c t i o n  of f i r s t  ~ r o d u c t i o n  u n i t  c o s t )  2 

required f o r  each of t he  d i f f e r en t  hardware cateqories  from development t e s t  

through spares.  ' 1 
i 
4 

i 
s 
i a 
i 
i 
d ,  
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Sec t ion  5 

hWJ31i MILESTdNiS AND bbISTER 

'i'lliu sectior! co~i ta i t i s  a descr ipt , ion and summary 

SCHEIIULE 

w m l y s i s  of t n e  PEL' hardware 

developnmlt schedule.  I t  i s  designed t o  provide a genera l  understsndinp, of 

tile schedule lpgi;,  i d e n t i f y  p r i n c i p a l  c r i t i c a l  pa ths  azd d i s c u s s  t h e  r e l a t i o n -  

s h i y  of  the d e v e l ~ p m e a t  plan t o  t he  i'liI' maJar miles tones .  

A:; shown un t.he sci:eliule, a th5rt.y month per iod  i s  planneu from p r o j e c t  ATF 

to Id;. ?'his tic:e y e r i e d  has been reviewed and is considered t h e  s h o r t e s t  

;!:.act ic:d per iod ir, \;hi ch t o  accomplish d e s i r e d  pro  J e c t  ob J e c t i v e s  . 
scheciule is  keyed t ~ >  having I'EP a v a i l a b l e  f o r  launch by t h e  end of Msrch 19S3. 

Yo m e t  t h i s  schedule  o b J e c t i v e ,  s i x t e e n  months has been ullot?.eti for accom- 

piishi:;$ s c t i v i t  i e s  w s o c i a t e d  wi th  I ' R R ,  PCK anti ~'1%. ..'iccomplisiunent of t h e s e  

eve1:ts i i i th fn  t h i s  t i y e  per iod v i l l  r e q u i r e  t i n e l > -  and c l e a r  agreement on the  

design c m c e p t  that is  sdopted.  
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&sign reviexs a t  t h e  component l e v e l ,  a s  appropriat?,  w i l l  allow t h e  

re lease  of  Engineeriag drawings required t o  design and f ab r i ca t e  t o a i i n  4 

and begin t h e  f ab r i ca t ion  of d e t a i l  p a r t s  i n  p a r a l l e l  with preparat.i.cn ;:cr 

system l e v e l  design reviews; e.g., CDR. This approach w i l l  a l s o  allow eariy 

mamfacture of p a r t s  f o r  prototype hardware buildup and t e s t  t o  veri:.? L i g h t  

hardiiare design. Breadboard/brassboard development w i l l  begin a t  ATP vhich 

w i l l  r e s u l t  i n  being ab le  t o  s t .ar t  ea r ly  integration/verification simula-tor 

operations f o r  e l e c t r i c a l  devel?pment of  t h e  PEP system s ix  months a f t e r  UP. 

Qual if icat ion and f l i g h t  hardware assembly w i l l  i n  most instances commence 

i u e d i a t e l y  following CDR. Thorough q u a l i f i c a t i o n  t e s t i n g  a d  subsequent 

use of f l i g h t  configurat ion components and GSE i n  t h e  integration/verification 

simulator w i l l  reduce and/or e l iminate  s o s s i b l e  incompat ib i l i t i es  during 

Orbi ter  i n t e r f ace  t e s t s  a t  KSC and enhance Orbiterlcrew sa fe ty  during launch 

and landing a s  wel l  a s  during in- f l igh t  deployment o f  t h e  PEP system. The 

PEP/Solar Array, PEP/F@lS and PEP/Orbiter i n t e r f aces  w i l l  be v e r i f i e d  p r i o r  t o  

haraware del ivery t o  S C .  This t e s t i n g  w i l l  begin two and one-half months 

p r i o r  t o  dei ivery of  t h e  PEP system t o  t h e  launch f a c i l i t y .  

F ina l  del ivery of t he  PEP system w i l l  cons is t  of two na jor  end items p lus  t h e  

In te r face  K i t  and Ground Support Equipment. The Array Deployment Assembly, 

which includes t h e  Solar  Array, and the  Power Control and R e ~ A a i i o n  Assembly, 

a r e  these  two end items. The R% and Orbite;. accommodations w i l l  be  completed 

and ava i lab le  f o r  del ivery of t h e  launch f a c i l i t y  ir, p a r a l l e l  with t h e  

a r r i v a l  of t he  PEP system. 

The KSC ground operations f o r  preparing PEP f o r  i t s  f i r s t  f l i g h t  a r e  

scheduled f o r  s i x  weeks which includes receiving,  in tegra t ion ,  checkout, 

Orbi ter  i n s t a l l a t i o n  and launch preparat ions.  

Three c r i t i c a l  path items a r e  i d e n t i f i e d  on t h e  schedule, cons i s t i ng  of  t h e  

s o l a r  c e i l  assembly, t h e  voltage regula tor ,  rznd the  gimbal assembly c o ~ p o ~ ~ e n t s .  

I n  each instance,  t he  principal.  c r i t i c a l  i s sue  r e l a t e s  t o  procurement lead- 

times. The ~ ~ o c u r e r n e n t  of long l ead  items, t h e  manufacture and assembly of 

se lec ted  components f o r  qua l i f i ca t ion  t o  insure  qua l i f i ed  f l i g h t  hardware 



and %he subsequent i n ~ e g r a t i o n ,  f i n a l  assembly a n d  checkout o f  t h e  PEP system 

a r e  t h e  c r i t i c a l  t h a t  w i l l  b e a r  cons tan t  and e f f e c t i v e  manag.uei,t il t h e  

p roJec t  o b j e c t i v e s  a r e  t o  be a t t a i n e d .  

!'lSdJect elements be r'u:.ther ui::l>-zed :inti ~ i t . f i n i t i z e ~ i  durini: t i le  I?iasc 

CjD proposs l  a c t i v i t y .  Schedule l o g i c  and hardware l e sd t imes  w i l l  b e  v d i -  

& t e e  m& r e v i s e d  as oppreyi-iste consist en^ w i t h  expanded d e f i n i t i o n .  Sched- 

ul:s i ; i l l  be tievelopeli st lower l e v e l s  dur inh  t h e  C/D ~ h a s e  i n  keeping w i t h  

expansion or' t h e  \iES as necessary  t o  implement and v a l i d a t e  t i le  Master 

Schetkdle . 

i ' i g r e  5 i l l u s t r v t e s  t h e  Array Deployment Assembly schedule .  Th i s  scheliule 

lienionstrates t h e  a c t i v i t i e s  of eng inee r ing ,  procurement, devclopment t e s t i n g ,  

i n c i u d i n ~  t h e  q u e l i f i c ~ . t i o n  o f  f l i g h t  hardware, and t h e  mmufac tu re  and 

a s s e r f ~ l y  01' f l i g h t  hardware i n  o r d e r  t o  proceed i n t o  t h e  i n t e g r a t i o n  f i n a l  

assembly and checkout t>f t h e  Array Deployment Assembly (AD.4). 

, ! 
r A t  t h e  beeinning or' t h e  assembly c f  t h e  ADA t h e  S o l a r  Array (SA)  w i l l  have 

- -  1 
been d e l i v e r e d  t o  t h e  FEP c o n t r a c t o r  by t h e  SA subcon t rac to r  and w i l l  be  

i n s t a l l e d  on tT.2 :29A aud t h e  system will then  be checked o u t .  E l e c t r i c a l  

I ?:arnesses f o r  t h e  ins t rumenta t ion  and command and con t ro l  w i l l  have b ~ e n  manu- 

f a c t u r e d  and be a v a i l a b l e  f o r  use  i n  t h e  system checkout. 

I ?'he c r i t i c h l  p a t h  f o r  t h e  ADA w i l l  be t h e  procurement o f  s o l a r  a r r a y  and t h e  

t gimbal assembly components and t h e  subsequent q u a l i f i c a t i o n  of  t h e  assembly. 

Figure  b i l l u s t r a t e s  t h e  Power Regula t ion and Control  Assembly schedule .  The 

Power Regulation and Control  Assembly (PRCA) w i l l  be engineered,  assembled 

and q u a l i f i e d  i n  s a r a l l e l  wi th  t h e  ADA. The suppor t  s t r u c t u r e ,  vo l t age  and 

shunt regulators, t h e  power d i s t r i b u t i o n  box and t h e  co ld  p l a t e  w i l l  be 

developed f i r s t  a s  p ro to types  through t h e  u s e  o f  bresdboard and brassboard 

techniques .  They w i l l  subsequent ly  be p laced  i n  t h e  Integrstion/Verification 

Simulator  (VIS) and r e f i n e d  by des ign improvements. During t h i s  VIS a c t i v i t y ,  

q u a l i f i c a t i o n  and f l i g h t  hardware w i l l  be produced,  assembled and i n t e g r a t e d  

wi th  t h e  ADA and prepared f o r  t h e  s t a r t  o f  t h e  f i n a l  assembly, i n t e g r a t i o n  

and checkout of t h e  PEP system. The c r i t i c a l  pa th  f o r  t h e  PHCA i s  t h e  

develop men^ c f  t h e  vo l t ake  r e g u l a t o r .  

MCDONNXLL DOUGLAS s 
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Section 6 

PROJECT FUNDING AND MANPOWER 

6.1 PROJECT FUNDING DISTRIBUTION ( ~ a t a  Fcrm D) 

Table 4 presents  an estimate of t he  resoaxes required t o  accomplish subse- 

quent phases of the  pro jec t .  Funding schedules a r e  presented separa te ly  f o r  

t h e  non-recurring (development) and recur r ing  (production).  A d e s c r i p t i m  

of t he  contents of each column of t h e  form foliows: 

A. WBS Number - t h e  appropriate  WBS code correspondi2g t o  t h e  i tem of 

cos t .  
/ 

B. WBS T i t l e  - t h e  name o r  t i t l e  of t t e  WBS element; i . e . ,  e l e c t r i c a l  

power, avionics and cont ro l ,  e t c .  

C .  Cumulative Tota l  - t h e  esti11l.ate of t h e  most probable cos t  of t h e  

item f o r  t h e  category under considerat ion (non-recurring o r  r ecu r r ing ) .  

D. Fisca l  Years - t he  est imate i s  time-phased by f i s c a l  year  by using 

the  appropriate spreading function. 

The t o t a l  prcgram cost  of $66.86 mi l l ion  i s  spread between t h e  f i s c a l  years 

as  follows : $9.89 mi l l ion  o r  25% i n  FY 81, $37.48 mi l l ion  o r  56% i n  E Y  82, 

and $19.49 mi l l ion  o r  29% i n  FY 83. The non-recurring (development) cost  of 

$70.53 mil-lion i s  spread with $9.89 mi l l ion  o r  32% i n  FY 81, $19.55 mil l ion 

o r  64% i n  FY 82 and $1.09 mi l l ion  o r  4% i n  FY 83. The recur r ing  (production) 

cost  cf $36.33 mii l ion i s  spread with $0.0 mi l l ion  o r  O 5  i n  FY 81, $17.93 

mil l ion o r  49% i n  FY 82, and $18.40 mi l l ion  sr 51% i n  FY 83. 

6.2 MANPOWER ESTI-UTE 

Table 5 presents t he  manpower est imate i n  man years  f o r  each of t h e  f i s c a l  

years shown on the  pro jec t  schedules. 



Table 4. PEP Funding Distribution  illio ions of 1978 ~ollars), Data Form D I; 
WBS 

NUMBER 
WBS 

TITLE 

0 PEP PROJEC1' 

NON-RECURR ING( DEVELOPMENT) 
1 ORB I TER ACCOMMODATIONS 
2 RMS ACCOMMilDATI ONS 
3 PEP SYSTEMS - REF CONFIG 
3 0  1 PROJECT MANAGEMENT 
302 SYSTEM ENG A N D  INTEG 
303  FLIGHT HARDWARE 
30301 ARHAY DEPLOY ASSY 
30301 01 MEC,'IANICAL/STRUCTURAL 
30301 02 ELECTRICAL POWER 
30301 03 SOLAR A R R A Y  
30301 04 AVIONICS A N D  COEI'I'ROL 
30302 PWR REG A N D  CTL ASSY 
3030201 M ECHAN ICAL/STRUCTURAL 
30.30202 ELECTRICAL POtiER 
3030203 THERMAL CONTROL 
3030204 A V  ION ICS AND CONTROL 
30304 INTERFACE KIT 
30398 I NTEGG'AT ION/FACO 
304 GROUND SUPPORT EQU IPMENT 
305 SYS TEST AND €VAL 
307 LOGISTICS 
308  GROUND OPERATIONS SUPPORT 
4 INTEGRATION TESTING 

RECURRING(PRODilCTI0N) 
1 ORB1 TE2 ACC(!MMODATIONS 
2 RMS .ACCOMMODATIONS 
3 PEP SYSTEMS - REF CONFIG 
3 0  I PROJECT MANAGEMENT 
302 SYSTEM ENG AND INTEG 
303 FL I GHT HARDWARE 
3030 1 A R R A Y  DEPLOY ASSY 
30301 01 MECHANICAL/STRUCTURAL 
30301 0 2  ELECTRICAL PWER 
30301 03 SOLAR AR2AY 
30301 04  AVIONICS A N D  CONTROL 
30301 98 ASSE44BLY AND TEST 
30302 PhR REG AND CTL ASSY 
3030201 MECMANICALATHUCTURAL 
30302G2 ~L?CTHICAL POiYER 
3030203 'TPERMAL CONTROL 
3030204 A'IION ICS AND CONT2OL 
3030298 4 .jSEMBLY AND TEST 
30304 J!d CERFACE KIT 
30398 I NTEGRATI ON/FACO 
3 08 G?OUND OPERATIONS SUPPORT 
309 FL IGHT OPERAT IONS SUPPORT 
4 IN'ZEGRATION TEST1 NG 

if 

CUM 
TOTAL 

66.86 

30.53 
3.62 . I 1  

26.60 
1.34 
3.13 

19.21 
14.64 
2.64 

020 
8.22 
3.57 
1.78 

6 5  
a53 
035 
25 

1 a83 
097 

1.06 
1.52 

. I 4  
020 
020 

36 33 
1.02 

.49 
34,52 

i 085 
2.15 

30.21 
24.1 2 

1.12 . 27 
21.12 

1.33 
.28 

2.79 
. I 5  

1 .O9 . 42 
78 

.3 5 
1,43 
1.87 

.24 
- 0 8  
.30 

FISCAL YEARS 
1982 1983 
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