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The S ~ t ~ u r i ~ ] ~ . p ~ l l u  Systems OPi'ice a t  t h e  Gcorce C, Marsi-inll 

Spacc Fl.li&-h';; Cenker. (i\;?,FC) rcquex'ceC ?.RliTC: Research Co?poration 

t o  neke a b r i e f  s tudy  of the r e l i 2 b i l l t y  zs;?eckc af t h c  A l l - U p  

conccp t .  Under t h e  ; r . ~ c ; u 2 - ~ ~ e m e n t s  o-? Taslr 298-02 of C o n t ~ a c t  

~4~3-1108:f, t h e  s t u d y  l n o l u d e d  a ~ o s p a ~ i s o n  betvjeen t h z  r e l l -  
2bLliCy oi' t h e  l"lru"i.zl'l;u~n' V vehicle if All-Up, and i t s  
relfzbiliky w i t h  du2~r;gr upper  s tages .  

The A l l - U p  concept may bc dcscrj.bed as  t h e  concept  o f  

cnnduc king the Saturn V R&D launcl-1-vchlcle progYam v~i-Lheu% 

thc  use  of d w a y  s t a g e s ,  I n  zddltlon t o  having a l i v e  S-LC 

s tagc,  a l l  Sakuwan V launches s ' a s r t ~ g  with  SA-501 would 

s l s o  have a live S-IT sccond stagc,  a l i v e  S-IVB th1x-d s t a g e ,  
live inte~stages, a co::rpletc 1nsi;rurrient Unit, and. a 1.J.vc 
( b u t  u ~ a a n n e d )  Apollo capsule.  

the e f f e c t  of the A l l - U p  concep t  on the s u c c e s s  probability 

of t:rle initial Sctupn V fllgh"ts. It cons:Lsted prj-marily of 

completing a p r e l i m l n ~ i ~ y  r e l i a S i l i t y  p ~ e d i c t l a n  of thc  
Szturn V skagzs and yevie-:!lng d n t e  from prcu ious  launches.  

T h i s  report presents tllc rzsu:l';s of t!lc rcl:T.abi5.i ty prcdkckion 

and. unclassified r ccuS t s  fron t h c  stufig of p~:evlous launches.  -::- 

Related classified r ~ s u l t s  froin Ylc study of prcv ious  
launchcs ~ , b ! l l l  bc @:Lvcn In o r a l  przscrL?2t%ons.  

- - ~ n  the  course o r  t h e  S " - ~ - ' T  t ~ d  J ,  s ~ v c x 1  ap;~w.o~chcs i;o Ir;:ple- 
mcnyzLc5.0n of t h e  A l l - u i 3  c<,ncaj~-L .t,!zy; corz - idc - - - l  , . This ropol't 

, L.,c. .  t v : ~  ~eco:,m:cndat.~clns dlsci:,:;s-:i:.s bhcse zpproack,?:; a:-:,i P - - " ' ' ~  



2 * 1 C o : ~ c ~ ~ . s l o ~ c  ---- 
n.- ds4-n~; -. t h e  ~ o u r : ; ~  0.z' tl71i_a rc l labl lS. ty s t u a y ,  thrce 

In$ekdcpendcnt c o n c l z  sicn:! v ~ c c  reached : 

( 3 )  The prvdictec: r=3 . i ab l l i ty  f o r  an AZ-1-Up Sk-501 

Sat~u.11 V vuh io l r :  I:~:L:: 0.437 rn;Lth n o  cnzlnc-out 
c2pab5:Li.(;y+?, and 0.682 with o:1?-cnf;:inc-out cn>a- 

bf llty . The p la~dic l ; io i>c  f o r  the  ,SA-501 vehZc Jc 
w l t h  o n l y  a live S - I C  s t a ~ e  and a l l v e  I n s k w m e n t  
Unit urel-c 0.321 with no 3ng:ine-out l;cagab:l.lZtt;y, a n d  

0.932 with one-cnglne-oizt cnpabillty. 

( 2 )  One-ene2ne-out capalj5-l i ty waul-d efcect  a signlfi- 

c a n t  increase in the r z l i a h i l i t y  o r  al l .  possl .b lc  

conTigura t ions  o r  t h e  $A-501 v c h i c l e .  

(3) B e n e f i t s  may be '  der ivzd  Fro;: t n c  A l l - U p  concept  
when i 'c'%s ir:~p:cmentud t o  any one of v ~ r l o u s  

decrees. However, ccnc lus lons  1 and 2 d-o n o t  

consJ~ i tu l ; e  a b a s i s  f o r  clccld3.n~ the op"i.imurn degree 

of implcrrrzntaki_an for Tnltial Pligllts.  Rathey, 

this dccis ior?  n u s t  55 bzscd u:1 c? s t u d y  oi' tile 

probable  s n l o ~ n t  of t e s t  1nl"onnatlon t o  he obt2inod,  

t h e  probable l a znch  dz tc ,  ar.d thc probable  st3tus 

of t h e  1ndiyiciu::l s y s t e ~ r . ~ ,  



2 ,  2 Heu~r:~-~-icnCz t 2 .03~  - 
O n  the basls oZ t h e  a h ~ v e  C L . : - ~ I L I S ~ G ~ S >  t b : 5  r a ~ o r i ~ i f i i t n d a i ~ i o n ~ ~  

a r c  rnccjc i'or ir:.1i33.~rncnia'1;5.~n of t h e  All-Up concep t :  

(1) I ~ c o r p o r a t c  dne-erq;Ine-out capab1lL'~y on t l ze  S-LC 

and S-11 stages f o ?  inr;,'ii.al S a h u r n  V f l i ~ h t s ,  

ancl p l e n  the  Tl.igh!;s to be compa'i;Ihlc rvi t h  t h r u s l ;  
produced from oi11.y Sour  efigincs 9n ezch s t a g e .  

(2  ) D ~ v e l o p  a condlni:ine s u r v e l l l a r l c c  progral,l t o  dcter- .  

r n l m e ,  p e r i o d i c a l 3  jr, thc optirnxm conl"lgor.etj.on f 01- 

each Saturn  V r l j .ght .  V."i7is deteerm.i.natj.m s h o u l d  

be based on:  the probab le  amour3t of test inyorma-  

tion cxpecteed from each  systein, t h e  prcbnb le  launch 

d a t e .  ( c o ; ~ r , ~ d e r i . ~  p re launch  - an3 chcclcaut- k l m z  

requircinent s ) , a ~ d  thc: ava 23 alli li t j r  and probable 

s t a t u s  of the ind . iv ld ;~a l  sys tems.  



3.1 T3o A l l - l h  C ~ n c c n t  

The RI.1-Up conccpt  m y  bc s:imply Cescr.l.'xci a:; <he 

concept of conductriny; t h e  Sntclrn V RkD launch-vehicle g ~ o -  

w:i.tho-ot t h e  use o f  ciu1cr;;y s'iagc-s. In &dd:itiorr t o  h s v i n g  
a l i v e  S - X C  skagc, 211. S k t z ~ r l z  V launches z t a r t 3 . n ~  tt.3 kh S A - - 5 ) l  

would a l s o  have a l l v e  S - I 1  sccond ctzgc, a live S-IVS '~hird 

s t z ~ e ,  l i v e  i n t e r s t a g c s ,  a com,olcte Inst~-urncn:; Unit, and a 

Apol lo  capsu le  ., 

' Thls concogt has  considcl-,able merit because it prov ides  

for t h e  earliest p o s s i b l e  flTghC-test in^ 0% n l l  t h e  sys'cerns . 
of' the A 2 0 1 1 0  ~11ss: ion :in i ;hclr  T l i p h t  c o n f l ~ i ~ ~ a l ; j . o n  and 

env1~onrnen-t. Ear ly  flighL--l;c:;i;in@ has  two advantages r 

(I) Successi 'ul checkout of' hz%d~;?erc would hrlng the 

achlevernen$ of a successful f lpo l lo  mission much 

nearer Ih time. 

( 2 )  Thc discovery or major i'laws in t h e  design would 

a l l o w  the l o n g e s t  possible tfmc Tor correction. 

Hoi:~cver, these trro advantag;zs s rc  accompanieci by t w o  p o s s i b l e  

d isadvantages  : 

(1) Tnc dii ' i 'Lcult l2s P r ~ v ~ l v c d  In col?c-cc~r;.n'cly prepaying 

scv2;?sl fie\+! S Y S ~ E ~ I S  207 lzunch may signif3.cant ly 

deJ.ey tke SA-501 schz6ulc ,  ~A-LIS cav.s:.ng de l ay  even 
So? those s y s t e r , : ~  s c tua l ? . y  test-repCy on ~ c l i ~ ~ i ~ . l e .  

( 2 ) '  1! rLzGl fcnc t ion  in on? o r  t,?.c sgs5e~,-1s rimy abo r t  a 

garClcn or 211 ot tl-!? f l igh; ,  the-z- ,~ , ~ k y  d c f c a t 3 r ~  

t h z  obJectj .ves oi" thz P i l i - U 2  co~.cc>t .  



Thus, because oS th i s  ba lance  of' advantages and  dis2dvantages,  

t h e  procedure used t o  decide v ~ i - ~ ~ t h e r  OF not t o  lmplemcnt t h e  

All-Up concept  is a c l a s s i c a l  example of tracie-orfs.  

The r n a j o ~  effort I n  t h i s  study v a s  dTrected a t  eva lu-  

a t l n g  the  probzbl l l t iy  of occurrence of She second disadvan-  
L  age, I. e . ,  occurrence of a malful?ction t h a t  could cause 

catastrophic loss o f  hn eri'clre mission. A R I N C  Research u k i ~  

Lized two  a p g r o a c h e s i n  applying d a t a  from ppevious experience. 

The first approach was t o  compare the r e l i a h i l 2 . t y  prediction 

for an A l l - U p  configuration w i t h  the  predictions f a r  each of 
s e v e r a l  partially up conf iguratlons (s-IC and dummies). The 

second a p p ~ o a c h  was t o  s tudy  t h e  flight r eco rds  f o p  p rev ious  
launches.to d e t e m i n e  any s i g n i f i c a n t  trends Zn r e l i a b i l i t y  ' 

growth (design m a t u r i t y )  and dirferences between t h e  reli- 

abiiitics of s i ng l e  and multi-stage launches. The fo l lowing 

s ec t i ons  will discuss  t h e  two approaches and t h e  results they 

produced, 

3.2 R e l l a b l l i t g  P r e d i c t i o n  

A preliminary pradiction of the Saturn  V vehic le  h a s  
jus t  been completed by ARLNC Research under  a separate  t a sk  

and is being prepared as Specla1 Technical R e p o r t  No. 16. 
Table  I preser-ts a sumnary of the  predictions f o r  the  

Saturn V stages. These values a r e  based on t h e  assumption 
of a nature design,  

3.3 %ssgn F ~ i s t u r i Q ~  

The degree of i n i t i a l  design rnatxurity is 2 f u n c t i o n  of 
s e v e r a l  design fac tors .  Among t h e  more impor t an t  ones a r e :  

(1) t h e  f l l g h t  expericnc~ o f  the d e s i p  and of s imi l a r  
. \ des lgns ,  ( 2 )  the priol-  experience ~f the deslgn group, 

( 3 )  t h e  q u a l i t y  of t h e  r e l i . a b i l l t y  progsax, and (4) t h e  

advmces  in t h e  s t a t e  of t h e  a r t  r e q u l r e d  by the des ign  



US LIVE-STAGE SA-501 COhT!?IGUMTICI<S 

S t a g e  o r  Conf igura t ion  

Instrument U n l t  (IU) 

C o n S l g u ~ a t l o n  

S-IC, S-11, IU 

S-IC,  S-11, S-IVB, ZU 

S - I C ,  S-ZVB, 1U 



Thc S-I stage is a n  example of ea r ly  des ign  maturity. 
Ihch  'or' t h e  d e t a l l c d  desj-gn is derived. f r o m  e a r l i e r  rockets, 
particularly RedsI;one and Jupi te r .  The deslgn g~oup is w e l l  
experienced, and the  r e l i a b L l l t y  p r o g r ~ n ,  although informal, 
is comprehensive, The most significant advsnce in the  s t a t e  
of t he  a r t  is xepreser-ted by the cluster techs-ique. 

The S-IV stage is consLdere6 t o  be lower in deslgn 

maturity than t h e  S-I s tage .  Some of t h e  reasons  Tor this 
arc:  the unusual nature  of the d u a l  cryogenic propuls ion  
system (in sp i t e  of the  advanced s t a t e  of development of t he  

a-10 engines);  the  rudj.mentary nature  of the S-IV r e l i a -  

b i l i t y  program; and t h e  various problen~s  encountered to da t e  

In- the S-IV devclopmer,t program. Although the  f i r s t  S-LV 
s tage  f l i g h t  was a success, it was i m ~ e d i a t e l y  preceded by 

a cataskrophlc explosion of t h e  All Systems T e s t  Vehicle, 

which was caused by a va lve  malfunction. O t h e ~  major f a i l u ~ e s  
may we l l  occur befo re  t h e  development; or "debugging" ppocess 

i s  completed. 

The predicted reliabilities i n  Table 1 were calculated by 

using h i s t o r i c a l  data f r o n  designs that hzd reached rnatur-ity. 
Early design problems were correc ted ,  and t h e  systems were 

thoroughly 'be~uggedl'bef ore the  da ta  were compiled. However, 
for the i n S _ t i a l  S l igh t s  of t he  Saturn V, the stages cannot be 

expected t o  have reached a high l e v e l  of design matur i ty .  
' PaLlures cen 3 e  expected t o  r e su l t  fron design f laws that remain 

undetected because of :  lnabillty to duplLcate the environments, 
t e s t  p~rocedures that do n o t  include a l l  comti.ngencies, or '  
unanticipated i n t e r ac t ions  bctvreen co~aponznts and systems. In 
an attempt to cornpensate f o r  thc  design iri-maturity of  the 

Sa'cum\V s tages f o r  the  Initial Izunches, LlRXNC Research assigned 
a deslgn maturLty valuz f o r  each stage.  These values a r e  based 

on the characteristics l i s k e d  in Table 2,  and are used f o r  the 
p w p o s e  of mo6LfyLng t h e  precIlct2.on vzLuez t o  nake them more 
neaply re2rccc:jtat Tve o? the !.nl t i :>l I .c~-. i~chz s , 
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~ .c l : ' ~ab i l%t i e s  ?pox T ~ b l e  I ticpe recalculated f o r  each  s x g e  

an2 T o r  eacl-1 p03sTb lc?  veh:icZc c u ! ~ r l g ~ ~ : . a t l o n .  5 Tilt adjusted 

re l i ab i . l i ' i l e s  s h o i , , ~  lin T n b l e  3 ropi>cscni; t h e  pr~'c3..b:Ll.ity o.f 
Success f o r  In i ' c f~a l  S l - igh ts .  FGT SUCCCSSTVE f l : - g ; ~ t ~ ,  tile 

probabil i 'cy o r  ~ ~ i c c c s s  can 11s expected $0 :'jncyeas? as a ~ e s u l f ;  
of a n  increase  In desQn makusitg, b ~ o ~ ~ g h t  about  by f::ilu~-c 

analyses and c o s ~ ~ ~ e c ' ~ i v z  ~ c k i i o n z  on f al l .ures cxpericnccd on 

c a ? l y  TlI~hts. 

I n s p e c t i o n  of T a 3 l e  3 sho-~1s t h a t ;  t.he rellab:i.lrli;y o r  a 

conf ' igura t ion  conslsl;ing of the S-IC and Ins t rw; ,cn t  E n i t  is 
0.922 w i t h  one-engine-+out c apab i l i t y ,  an6  0,682 for a com- 

p l e t e  live SA-501 wTth one-englnc-out capaSi1Ii:y. useful. 

rray of comparing t h e  reliabil:i-t;ies t n  Table 3 is to n o r r i ~ a l l z e  

the r z l i a b t l i t y  POP each conTiw~: i~i ion  by us in^ a n  a r b i t r a r y  
s tandara .  Blgure 1 shor!s the rel:i.%bllill;y f o r  each confrlguTa- 

tion a s  com?au.ed t o  " i h c  3r.eI.iability of' bhe complete SA-5Ol 

v e ! ~ i c l e  wi th  one- e'ngrj f i e - o u t  car>.Ei3i? 3-Ly. 

3.5 Rn':3-nc7-Out C:i::abj.l.j&+~ 

Figure  1 ~ h o r . ~ ~  t h a t  t h e  r e l l a b i J . i t y  T o r  esch conr.ilgura- 
tlon 2 s  hlehcr xhen one-engine-ou"ucapabj.lity is .2ncorpcrated, 

This  difference i:j most siuzif ' ica~~-b in cunf lgu~a ' i ; lons  t h a t  
u s e  tlie S-I1 s tage .  

One-e~gine-out capCtbil12~y must Include: 

(1) CapeSilj.ty t o  sensc that kn engine h a s  malfunc- 

t ioned .  

( 2 )  C a p a b i l i t y  t o  cu t  022 2 ~l i~ l ?u~ ;~ t i~ r i : : i : ; g  engJ.nc 

beforz  it 6da1:~tiges u t ! z c ~  erlglnes o? c r i t i c a l  



FO3L:C:JBILZTX F3EDICTTOYS PO2 TNiTILiL PLIGiP.r'S OF SJiTLIRN 
STiiGZS RITD V1i3SO'iJS l>ITr.-STJAG2 SJ,-501 CO:\'il':CGUEtl21'5:OIJS 

Stage o r  C o n f i g u ~ a . t l ~ n  One-Engine-Out 

C o n f i g u ~ a  t i o n  

S-IC, S-IS, IC 

S-IC, 5-11, S-XTW, IU 

S-IC, S-IVa, 1v 



1.5 Mo E A q i n 2 - O u t  0;1c -5nglne- Out 
G ~ p z b i l l t y  GapsSLiitg 1 

s-IC S-IC S-IC S- I C  
IU S-I1 S-TI -3-sm 

IU S- ZV3 IU 
IU 



( 3 )  Capa'r~,I;.lity f;c ettain ar, acrceptzblz f l i g h t  p r o r i l e  

w i t h  t h e  t i ? . rn~ t  T r c m  n-1 engines (n  = nvrnbe? of 

engiRes on s tage ) .  

At t h e  time of tl., f i rs t  S a t u ~ n  V flight, the  3-1 and 

3-2  englnes v!11.1 have conpleted less testing than was accon- 

p l l shed  o n  the  FI-3 or RL-JO cnglnes before their Lnitlal 
f l l g h ' c ; ~ .  The p r l n c l p n l  reason f o r  t h e  lower l e v e l  or testing 
2s t he  cos ts  of the  volunLnous p r o p e l l m t  reqairements f o r  

eech test with  t h e  l a rge r  engines. Additional development 

tesklng would be va luable  Z o r  the,purpose o r  achieving hkghcr 

engine rel2abillty If these c o s t s  were not p ~ o h i b l t i v c ,  

Englne-out c a p a b i l i t y  provides a rncans of r b t a l n i n g  a 

considerable increase in p ~ o p u l s l o n  system rt?eiiabj.ll.ty f o r  

e z ~ l y  P6&D f21@1ts. Since the purpose of the e a r l y  S a t u r n  V 

fllg'nts is t o  o b t a i n  f1lgh"i;es-C inforrnablon  r a t h e r  than to 
place a ~ p e c l f i c  payload in orbit, At I s  recommended t h a t  
one-englne-out capabllitg be inc luded  1.n the S-IC and 3-11 

s t a g e s .  To be e f f e c t i v e ,  t h i ~  r z ~ o ~ n ~ n d a t i o n  w o u l d  a l s o  

r equ l r e  t h a t  the-flight plan for t h e  SA-501 s h o t s  and other 

e a r l y  Sa tu rn  V shots  be designed f o r  a safe a n d  usef-dl f l i g h t  

in the e v e n t  o f  p a r t i a l  l o s s  of thrust in e i t h e r  stags.  

For e a r l y  f l i g h t s ,  it may b c  a d v e n t a g c ~ u s  t o  Inc rease  
the nurn3er of rnalrunction sensol-s OVBP the number presently 

planned r'or the  emergency dztec t i o n  sy sberil. extra  
sensors  would p ~ o v i d e  an eerLy warnins systcm t o  d e t e c t  

mal?unctlons before  they cum~latlvcly resu1.t in catastrophic 

f a i l u r e  conditions. 



3.6 Past  Elsto;-:y - 

R survey vras conducted. of success-Pallurc dzta  rrcn 

?!as t o  d c k c r m i ~ c  if _rase expzrlcnce l c ~ u l d  il1cl3.c;r'~e a s:i.grrS.f,'1.- 

cant dif~:erence between t h e  l aunch- f l igh t  re l inh : l . l i ty  of a 
slng1.e s t a g e  and t h a t  of multiple s tazcs ,  The second ob jec-  

tive vas t~ dcter4mine any e x i s t j n g  r e l j a b l l l t y  grov~t1-1 trcncis. 

S02i;ic data  we?@ svzll-able frm th? Vitro study' ciescribed 
14issllc ancl Space Project - 

I n r o r ; ? > a t j o ~ ~  ?i&nual, ~'Lqlch I s  classified SECB-3T. This document 

p~esents launch &?,a for all f l p l n g o  through December 3951. 
Dsta ?rere ~ 1 s o  abtaLne6 from t h e  Report  t o  Congress frow the -- 
P r e x l d e n t  of' t h e  UnTted S t a t c s  on U. S ,  Aeronautics and Space - 
Activities in 1963 (unc1ass:if led).  Tie rna ter ia l  presented 

baszd on the  classiricd r e p o r t  w f ~ l l  be g iven  I n  o ~ a l  p~escnta- 

The d a t a  from the  Rcpo~t t o  Congress a r c  p l o t t e d  in 

Figure 2. The ba r s  shox. thc pcrcentagc of y e n r l y  launches 
c l a s s i f i e d  as   successful*^- from 1957 .I;nroagn 1963. The 

success percentage r a se  s t e e d i l y  each y e a r  and has  rexa incd  
nearly eo:zstafl'i (between 00$ and 85$) f o r  1362 and 1363. 
Thls i n c r c a s c  i n  reliability mey be a t t r i b u t e d  t o  a n  increase 
in des ign  maturity, irnprovznent in the s t a t e  of t h e  a r t  (such 
a s  simyllTicatlon of t h e  J u p i t e r  engine i n t o  the H-11, and 

r e f l ned  prelaunch tesk-and-checlconk procedures. 

LL launch :.;.as c l a  z:;j.Tleci n,c: E: succc SB >j~fivj.~?eci e a r t h  o~?>; i ' ; ,  
a:; 5 rr::lnTnl~~rn, ?!a2 c?,";tii-;cd. Ti12 p i .~cen~nz , c?  r,ho:,:n I s  cq-cl~:l 
-ko r,b.ri;l)::~ c,~? ~ , ~ ~ ~ c ~ : ; ? ; , ~ . : : .  ( : i ~ . T : . r ; ~ < ~  ?,IT > - : - - - , I  ,.:;;:'.JL:;-+ 0:r :~~<;( ; ; ! ]7 '~ : : :  1: I < J ~  ' 
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4.1 General 

k l t h o u ~ h  a d e c i s i o n  m-ost be r~ledo in t h e  ncas f u t u r e  
coficerning i rnplcmsnta t ion  o r  t h e  All-Up concept, thc dcc l - -  

sion as t o  the degree of irn-plenentatlon shoilld be posi;ponad. 

T l ~ e ~ e  a r e  advantages to he gained by iniplcmentlng the A l l - U p  

concept In zny of scvc~-a l  dcgrecs, 2nd a complete range of 
systcrns t h a t  can be inc luded  o r  ornitted f rom thc SA-501 
l aunch- f l igh t  test s h o t .  Thc actual decision t o  inel-ude a 

p a r t i c u l a r  system should  be mace as lzte a s  possible and 

should bc based on: 

(1) Amount of t e s t  infor;natiotl expected from t h e  system. 

2 E s t i m a t e d  a v a i l a b i l i t y  da te  o r  the  system. 

. ( 3  1 E s t i m a t e s  oi' time requirccl  f 02 prelaunch test-and- 

checkout activitlec. 

4.2 Test Inforr. :zklcn 

Each of t h e  var ious  p o s s i b l e  c o n f i ~ ; l m s t l o n s  of t h e  SA-501 

will produce a specific, i n d i v i d u a l  s e t  o f  t e s t  inro~mation. 

The p r o b a b i l i t y  of obtaS~:ing somc or  a l l  o r  c ~ c h  scb of t c s t  

Information is, of cowse ,  a function oi' the p r o b a b i l i t y  of 

success o f  one OF mom of  tho live sys tems in t i e  p a r t i c u l a r  

conflgurat2on. This l a t t e r  p T o b a b l l l t y  i s  predictable, and 

t h e  accuracy of such E prediction i n c ~ c a s e s  as Cne launch 

d a t e  approaches. 

3 Systerr! P.v~l.lablS. l t y  

The 2mporkant arcas  of cons ic ic rad~lon  In ciete:7,nlning 

t h e  configuration f o r  t h c  i n i t 521  SA-501 f l i g h t  arc? tlic esti- 

mates of stage and subsystcrr? avari.l.abLlity and t h e  predicted 



probability of rr,:l:<sl.c~ s.2cccs:j. Pxlcparacion o f  ~ I I C G . C  

cst:lrnstcr, v?:iIl 1113 f a c l l - i i ; ~ t c C  hy :i;onito:yi..nz 'zhc progress o f  

cach s t a g e  asscn~bly very c lc~scly and b j ~  3:eep?,ng a runn ing  

as sczsmclzt of t h c  tc3t,. p r c r ~ ~ a ~ , ; ,  Prom :;u~:Il of'Susii;:~, good 

estj-mate:: nay bc compl=ied of s tzzc  availability d a t c s  and 

the probability of s a t i s r a c t o r y  pe~Formance. 

PEET c h a ~ t s  for cach s tase  w113 be u s e f u l  for rnonLt0rin.g 

the progress, In a s s c r ~ b l l n g  skages. FOP each programmed 

launch date ,  the cha r t s  should  li-leludo as a rrlil.cstonc t h e  
l a t e s t  possible t ime Tor ordering an z l t e r n a t e  o r  duntmy 

system. T h l s  tAme is based on t lme  yequirzd f o r  c o l l e c t i n g  
i n fomca t i on  and rnalcin~; approprriale decisions . As with all 

mopitorlng programs t h a t  use  PERT, the prcclsion of the  time 
estimates w L l l  incl-ea se 111 th proximity t o  tihe m:ilestones. 

It I s  E X ~ E C ~ C ~  t h a t  the 3-11 stage w l l l  be the magor 

pacing itcm In Implementj.ng the All-Up concept; for t h e  
S a t u r n  V v e h l c l c .  The S-1C s t ~ ~ g c  1\:111 be usccl whethew* o r  
 no'^ t h e  vehicle is a l L  l i v e ,  The S-IKB ~3.11 hzve a l ~ c a d y  

floi*!n several  r1ights I n  the S a t u r n  XI3 veh ic l e ,  and the 
Ins t rw~enC Unit 1s expected t o  be aval laSle  s l n c e  I t  is vel-y 

sirni lar  t o  t h e  onc  in t h e  Saturn 133. 

These cor:sldcrztLons a r e  f u r t h c r  enphaslzed by t h e  f a c -  

t o r s  l i s t ed  I n  Table 2 regardin; ddeslgn r~a lu r l tg .  Because 
t h e  S-32 s tage  I c  n complc-tely fie!.! design and t h e  f L r s t  of 

I t s  kind  to be b u i l t  by t h e  supplLor, t h e  dcvclopmen'~ progress 
1~i11 requ3.re closi!  rnordkorinr;- *I i'or ~ c h e d u l e  coxpl iancc  and to 

ensl-lwlc attzirnicnr; of rcliablili-Ly goals ,  



It s!ust  be  poin'vcd oui; t i s a t  t he  design 111~tur2. ty  P a c - ~ o ~ s  

and schedule consf dcra tlon:: do n o t  pxbesc~ik t11c cor;?;jlcte 

p i c t u r e .  Tnc S-11 c o n t m c t o r  has dernons-hrated cons iderable  

managersent capa'u.3.lity in t h e  dcveloprncnl of complcx :;ysteras 

in t h e  p a s t ,  ApplJ .c~l; ion of these same capah i l i tLcs  t o  Lhc 

S-11 s tage  cou ld  r e s u l t  i n  c;rcunstance s m o r ~  a u s p l c  l o u s  

than yrscsexl t ly  antlclpztteci.  

4.4 Prelaunch T? st and C:'I~?cI:out -- 
The p r d b a b l l l t y  oi' launch occurpence a t  a Given point 

in t lmc f o r  t h e  various possible SA-503. conl"if:u~af;ions can 
be predicted. The o c ~ u ~ ~ c n c e  and d u r a t i o n  o? dclays  i n  the  

prelaunch a c t l v i t l e s  a r e  func t ions  of  t h a  occurrence and 

de-kee$Lon ol" ~na l func t io~zs  t h a t ;  rcgull9c c o ~ ~ c c t i v c  a c t i o n  and 

of the t ine  r e q u i r e d  to accurr~plish sllch c?,c-l;io;z. An a n a l y s i s  
of p a s t  experience r e l a t ing  such de l ays  t o  sys tem coniplcxlty, 

design ma tu r i t y ,  and competcncc of p e ~ s o n i ~ c l  call be expeeJc;ecl 

t o  y i c l d  estimates of dc lays  khat aye s u P f i c i e n d ~ l y  a c c u ~ a t e  

. for use In choos:Lng thc ogt;inw-r.;l configurat:!.on. A s  the  l.aunc1~ 
da t e  approachss, more a p p l l c a b i e  csperiencc w l l l  accumulate, 

and) cor~espondingly, the  accuracy of' the delay estimates w i l l  

Improve. 

The complexity of t h e  con2fgurat ion an[: the number o f  

lrtvs systenls on a launch vehicle directly a f f e c t  the  tlme 

requi red  to conplebe prelaunch test-and-chec:cout a c t l v l t l c s .  
Since an A l l - U p  SA-501 t ~ o u l d  be thc l a rbgzs t  vcn lc l c  ever 
launcheci, extensive t i m e  de lays  in ~o::iplckS.np, t h e  prcla-tlnch 

t e s t  and checkout car1 be expcc tc3. ITO~JCVCS:, a s  ~ ~ S C I ~ S C C G .  

prcviousl.y, these dclays  c sn  he ant:'tclpstzd andl esi;intntcad. 

T i ~ c  Zevcl  of cozpctcnk eff-f'ort r.cc;ulred for checkout  ac tiirl'iy 

on SA7501 should be 2 n ~ , t u ~ s l  ux '~ension of t h e  capability 



al~cady dc~: lonst ra tod a t  Kennedy Spacc  Ccnt!;cl?, Launch o r  the 

S ~ t u r n  IX vchic le  with rnanjieci. Gcm1n:l f l t g h t s  is expoc:;cC 'LO 

a i d  in extending t h e  prelaunch-anE--c~~ccl~out czpabi1:Lty a t  
Kennedy Sgaec CcnCer t o  t h e  nccnss2.ry J avc3 . 

4.5 - Overal l  Ap~a-coach 

An exCensrive anal-ysls of p a s t  experience and of infonnz- 
t i o n  on t he  c u r r e n t  develppmcnt s t a t u s  seem: t o  be t h c  best 

method fo r  chooslng an optimum Sh-5131 confill;urai;ion, system 

by system, a'; t h e  ez r l i es t  p o s s i b l c  tlrrie, Fu~tJ .~er rno~?c ,  such 

an a n a l y s i s  should p r o v i d e  the g r e a t e s t  amount oT a v ~ l l a h l e  

Information a t  the ea r l l e s t  practicable t imc ,  The advantage 

of an ana ly s i s  of' t h i s  I:ind is t h a t  :it p r o v l d c s  rnanagcn~cnt 
1~1th valLd deductions bssed on pas t  experi-ence and c u ~ r c n t  

s t a t u s .  These dcductlons a r e  in t h e  foPm in whlch mnnagcment 
most needs them f o r  rnalclng d e c i s i o n s  when they musk be made, 

It appears  t h a t  t i e  proper  course t o  follov! in inplernen- 

ta tLon of t h e  A l l - U p  concept  is to "hope f o r  t h e  best  and 
prepare for t h c  wors t " .  In other words, t h e  activlt;j-es nec-  

essary f o r  implcmentztian should be carrled o u t .  IIoi-rever, 

t h e  predictions and cstfrnales d iscussed  I n  t h i s  r e p o r t  should  

be continually updated and cl .osely monitored.by mana~ement,  
- -  - .  - - ... . .  . . >- . - .  

Through such a c t l o n ,  a p p r o p r i a t e  preparat3.ons can  . be  r;tadc 

for subs t i t ud ; ing  any dummy stages r e q u i r e d  by t h e  final 

optimum configuration. 



T h i s  appendix b r i e f l y  describes the application of 

design m a t u r i t y  va lues .  These v a l u e s  a17e used t o  a d j u s t  , 

predicted r e l i z b i l i t L e s  based on mature des ign  so t h a t  the 

predictions i : i l l  r e f l e c t  t h e  o f  success  for 

L n i t i a l  f l i g h t s ,  Tnc use  of des ign  m a t u r i t y  va lues  is 

r equ i red  because  -the predict%ons a r e  bascd on da ta  from 

previous systems t h a t  have  been complete1.y debugged I n s o f a r  

a s  bs th  thc hardware and t h e  operational proce3ures a r e  
concerned,  

The design maturity value may be applied t o  predicted 
r e l i a b i l i t y  in t he  f o l l o v ~ i n g  manner: 

Stage  Unreliability (Q) = 1 - Stage Reliability (H), 

wher? 

$ = P r e d i c t e d  u n r c l i a b i l i t y ,  
(D.M.)  = kssigneE v a l u e  of dcnign maturity, (D.M. < 1-o), 

and 

Equatlon (2) may be rhwritten as :  

R~ 
= Predicted r e l i a b l l l t y ,  a n d  

RA = A c t u a l  r e l . i a h i l l t y .  



Dcs:I ~n rnat;urii;jr opcratcs on syste;n unrcliabillty . The 

o p e ~ a t l o n  telc~zs I n t o  z c c o u n t  the bzs<; e s t l m a t c  of the ~ ~ w n b e r  
o f  undetcc'ied po%ent;iel fai l-vrcs in the v e h i c l e  a t  the tirric 
of l aunch ,  Sd,nco t h e  c7cn;l.~n mntuy?S,ty 5.s nl.wa.ys cqua3. t o  o r  

less than unity,  the  prcdictcd unrclisbility w i l l  be l c s s  
than the a c t u a l  unrcliability; in other words, t h e  predicted 

r e l . i a S l l i t y  is opt:lmis"cc, 3;t can be expected t h a t  des ign  

. rnaturfty (D. M. ) 11111 i n c r e a s e  rapi33.y with succcss lve  launches. 

Inherent in "cis staterncnt, however, is the assumption 'chat 

an e f fec t ive  rogram or raf l u r c  r c p o ~ t i n g ,  f a i l u r e  analysis ,  

and corrective a c t i o n  ~ i l l l  be implemented. 
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