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History of MSFC R e l i a b i l i t y  P h i l o s o p h ~  

Tonight H w i l l ,  d i ~ c u s a  the  ITFntory of FEPC Reklab i l i ty  Philosophy 

wbl,ch began with  the P,edstone Mkosile. There i t  wae nkceaaarp to 

estabbhah specin l lzed  g ~ o u p s ,  such as deotgn, mnufacturhng,  chsckout, 

and launch. There was one small group asslgned t o  take care of cheeken~t. 

'Aft3 group took the doctmentatlon a s  i t  came from the  drawbng bmd, 

checked b t  out thoroughly, and generated procedures necesaary to parfaan 

n goad checkout. Af ter  the  group had everything as \sell prepared caa 

they thought tt coha3.d be done, the  vchiclle wns roved into t h e  bog 

area far  the checkout *ere t h e  group ran  fnto many difbtcultiea.  

There were workmanship, p a r t s ,  and component p rob lem,  and them atma 

were p r o b l m s  with t h e  subsystems and the  syotems. After  thka expetief a 

it was clear t h a t  n much more thorough preparat ion was mandatory. 

r e s u l t e d  in the ayatematic buildup of t h e  rccej-ving innpeetion $0 that 

a l l  componente going i n t o  aosembly were inepected before they were 

released. Tlilis Led t o  the  systematic buildup of inprocesa knepaettoas 

BncPuddng checking those  points  where inspect ion  at a later t t ~ ~  m a  

impossible. Also developed a t  t h a t  time were t h e  step-by-step pme&rcs 

which were necessary f o r  the  engineer t o  ~ a m i l i a r i z e  himself with the 

prol>lmo. They wcra rxcelllent ~~bdcdbaacr~ for pcrformlra~ tho tea t o  



and could a l s o  be used co l lec t ive ly  a s  a t ra ining document fo r  

reople entering the  profession. We developed a t  t h a t  time what is 

now celled pyrt%mPdol taetkng. Hers we teeted Btr~t the parte, then 

the components, then the subsystem, the sys t em,  and eventually 

performed a simulated f l i g h t  t e s t .  With these s teps  taken and impla- 

mented, the  s i t ua t i on  had improved. Closer contact was established 

with the  designer. Feedback t o  the vendor and manufacturer was 

b u i l t  up and we sd%d tha t  we had made progress. 

It was about 1958 when we had an unhappy experience, W e  had 

received a ehipment of valves from a manufacturer, who had established 

a p re t t y  good reputation,  but a l l  fa i l ed  our acceptance teete .  Me 

investigated the  matter  and found out tha t  the manufacturer had not 

received the proper technical  requirements from the purchasing off ice .  

We found furthermore t h a t  contracts of ten d id  not contain su f f i c i en t  

qua l i ty  control  provisions t o  allow the government t o  properly monitor 

and assese the  performance 05 the contractor. This explained to  us 

why we s t i l l  had d i f f i c u l t i e s  i n  getthng acceptable hardtkara, This 

hole  war, plugged by introducing a procurement review which tuade eure 

t h a t  the requirements a s  they existed were made k n m  t o  the contractor. 

It was comparatively eaay t o  discover the  problem but i t  was much 

more d i f f i c u l t  t o  correct  it. Although we e ta r ted  i n  1958, it tmk 

erne years before we had i t  contractual  and under controll. 

A t  t h a t  time r a  cnme t o  the conc lua lk  that va mane. y r l t a  

a domment which eovnoed tha nubjact agora cmlnenllg thcv' m had 
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After WB had Ingd out the pat tern  Poi the  prescribed way f o r  the  

quality tarseurance area,  we realized t ha t  the  next s t e p  would be t o  

set the frame work f o r  a r e l i a b i l i t y  e f f o r t  based on the eame funda- 

m~ntol principle:  k,e,; the  marriage of theoret ical  analyeis and 

hardware e f f o r t ,  NASA document WBC 250-1 made an attempt t o  e p e l l  

t h i s  out. This e teg wae not an easy one t o  sell, s ince the theore t ica l  

approach whae39zing the  importance of apportioning of numbers and 

predictlboa prevailed a t  t h a t  t i m e .  We did not say t h a t  wa did  not 

need or appreciate t h i s  e f f o r t ,  but t ha t  we j u s t  wanted t o  put i t  

int?.,o proper perspective, using i t  ae a too l  which would enable ae t o  

zero i n  on the  problem areae, the  resolution of which would require 

u t i l i z a t i o n  of many kinds of engineering disciplinee.  

Btaeed on t h i s  background Pnfomation, we have now a r e l i a b i l i t y  

e f f o r t ,  the  main elements of which I would ~ i k e  t o  discuss with you. 

A t  t he  outset  of a project ,  we ask f o r  a Rel iab i l i ty  Program Plan 

which is Einalliscd a t  the  tkmo a contract  i s  l e t .  Thin Plan mat 

ahow tha t  there $8 a c lear ly  Itdentifdad eraup which w i l l  be respona.dtQla 

Lot the  management of the r e l i a b i l i t y  program and that: the head of 

t h i s  group has tinimpeded access t o  top mnagcmeat, and has the  neceseary 

au thor t ty  f o r  proper discharge of h i s  iesponsib81itiea. These 

respons ib i l i t i es  include planning, funding, staffing, dkrectin8, nnd 

monitoring the  r e l i a b i l i t y  o f f o r t  t o  aeaura t ha t  tha 80~l.n are a c h i a d  

P a m 1  reviews 0% tha rabkabhlkty program o r  element8 (thereog, 

by the contractor bE63alkf sad by %SIX, te, aeaaeee progreea end effeatimwaae, 
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are another  essential requirement, These review8 a r e  scheduled a t  

mjor milaatones %an the program and on o the r  occasions a s  required. 

Since we consider  our  primary goal t o  be the  achievement of 

re l l iabbl i ty ,  the effort mst s t a r t  with the  design. I n  the  design 

area, we have one ground r u l e  t o  which w e  adhere a s  c lose ly  a s  poss ib le ,  

and it. is: 'Vse design f ea tu res  and components which a r e  a l ready 

f l % g h t  proven. Introduce new fea tu res  and new designa only when you 

have a very aound reanon for doing noan We a100 give considerable 

a t t e n t i o n  t o  redundancy, bu t  a B  you know a c t u a l  app l i ca t ton  of redun- 

dancy is  limbted, e ince  Pa the  mbss%he and veh ic le  fieldhyou musb be 

weight conscious. Redundancy can be and i e  being apgkiea3, comparqltfvaly , 

e a s i l y  i n  a reas  where minia tur iza t ion  and microelectronkc c i r c u i r e  

can play a p a r t ,  such as in  computers, ~ lmpP%bie+~,  land emergency 

d e t e c t i o n  ayetcme. In o t h e r  n r e m  for example, the  philbaophy of  

redundancy can be applked only ind i rec t ly .  '!%a ekght engines opera t tng  

t h e  Saturn I end the advanced Saturn H have the  oo-called engine-out 

c a p a b i l i t y  provided, which msans t h a t  i f  one eni%ne f e i l a ,  the Host 

t h r u s t  i s  made up by increased burnlag t i m e  of the other aeven engtnea. 

P r i o r  t o  procurement and rmnnufactnre, we need t o  nonure t h a t  

cosg lc ta  d c o i m  npacif icnt ionn nra providrd for  cnch hnrdwnre ctcjnqnt, 

~t~bayatcnn, ayetcm, and end product. 'Ehaes opect f ica t tons  BncLuQc? 

p e r f o m n c e  and func t iona l  to lerances ,  deeign and grocesa r e q u i r a m n t s ,  

miasion p ro f i l e ,  r e f l a b i l i t y  goals, t es t8  'for meaeutment of c ~ 8 b s l g s e l  

a v%an f o r  f l t a t i s t i cnL  analyeds o f  da ta ,  and inapactbm 4ad accepeanee 

xeqrsiremmto. The flp~cflficnkj.otn0 nhorlld ar?nvo nr, TJJouPbt hn t h ~  



contrac tot 'e  mdqd what the  requireanente a r e  and what use  i s  intended 

f o r  the  and product. 9 t  ehould contain no t%m-to-dott i n f o m a t i o n  

ainse there are usuaB1y ssvglral approachae peeribbe, T h t ~  suetmar 

should no t  be r e s t r i c t e d  t o  approaches previously taken except t o  

aesure  himself t h a t  the  s t a t e d  .requirements can be met. 

Thi8 complete information i n  not only t o  be given by us t o  

the  prime contrac tor ,  but  we expect the  prime contrac tor  t o  pass it 

on t o  h i s  eubcontractors and vendors i n  auch a way t h a t  everyone 

contr ibut ing anything t o  a space vehic le  knows what he is supposed 

t o  do and how e s s e n t i a l  a p a r t  hia products play i n  t h e  space vehic le  

program. To emphasize the  importance of t h i s  endeavor, not  only is 

t h e  procurement documentation v e r i f i e d ,  but  a specllal program--the 

manned f l i g h t  awareneea program--has been initiated and Fs being carried 

out. Thia program m a t  asce r ta in  t h a t  811 p a r t i c i p a t i n g  conpanlea 

and employees receive  t h e  message concerndng t h e  importance of their :  

performance f o r  the  success of the  upace e f f o r t .  

A f a i l u r e  mode, e f f e c t  and c r i t i c a l i t y  a n ~ l y s i s  ie conaidered 

t o  be one of the  cornerstones of any r e l i a b i l i t y  afkor t .  Thfo con- 

s i s t ~  of a contdnuoun formally documented anaLydds of a l l  s t r u c t u r a l  

and funct ional  design i n  order t o  diocover inherent  p o t e n t i a l  f a i l u r e  

a reas ,  speci fy ing t h e  e f f e c t  of a f a i l u r e  on the miaaicm. Sueh fatluaa 

mode, e f f e c t  and c r i t d e a l i t y  analyses provdde t h e  baaee f o r  cngineer- 

dng laanagement ac t ion  conccrning improvement8 in deadgn rand Qaa epecL- 

kicntions, land f o r  t ~ r ~ t n  Tor dmnipn varif8r,nt8.on, EE d.n n l n ~  a psc- 

tc.qrt3.oita For ral inhR1ity prrdll,ctBan nnd nmaconsertt Chsouphr ellsehenstAnrlh 



7 

techniques. Jue t  t o  aga%n point  out  the  importance of combining 

t h e o r e t i c a l  analysis  with p r e c t t c a l  engineering judgement of the  hard- 

ware, I would lblce t o  ~ e n t t o n  that w e  were asked by NASA Headquartera 

B.n 1966 t o  ftirnioh f o r  c ~ c h  Pl ight  P,eadincns Review of a Saturn 

veh ic le  n l i s t  of the  10 moat c r i t i c a l  items of each atage.  Af ter  

we had l i s t e d  them in  t he  order  of t h e i r  c r i t i c a l i t y  numbers based 

on the f a i l u r e  mode, e f f e c t  and c r i t i c a l i t y  analys ie ,  w e  looked them 

over and form$ t h a t  many of them bad no t  given us any t rouble  while 

other coponenre not on that l i ~ t  had given us headaehee over and 

over again. 'I'bis analyaia tndica ted  that w e  had t o  develop a aecond 

list based on a c t u a l  f a i l u r e  h i s t o r y  of components and, then, t o  

blend t h e  two l i e s e  properly together  t o  a r r i v e  a t  a r e a l i e t k c  asaeek 

ment and t o  o r i e n t  additdona1 design and t e a t  e f f o r t  i n t o  a reas  w h e t &  

Itnsprovements w e r e  badly needed. With t h i s  approach, c r i tbcah8 ty  

rankkng was u t i l i z e d  ae t he  baoie f o r  applying p r i o r i t y  e f fo r t ,  

$he r n l f a b i l i t y  apportionment, prcdictinn and oetkmntfon are 

related t o  the  f a i l u r e  mode, effect nnd c r i t t c a l l t y  analysis and 

allows us t~ const ruct  a plathematkcal model, first: t o  a l l o c a t e  qualhta- 

t i v e  r e l i a b i l f t y  predbctions,  and second t o  asseas r e b i a b f l f t y  schlcsc- 

meglt based on test data .  The model8 ~&~icFh are rapdated contlmuoaaby 

a f f o r d  d e o t g n ~ r n  and management clear viaihill l ,e?~ of progrnna, and 

point out problem areaa which roqu i r e  a t  t e n t  frm. 
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@a value sf d e a i p  r a v i m s  88 recognrllzad almost ev&qwhsrta today, 

They are srganiked and webb-doeurnanted avstla9attsns by makagmant of 

the  engdwac9rBnkg paagrsae e.t ~ehedulled progrhkb polbnt@#%;r&hh paxt%aslbprk%m 

of ail required d igc ip l inea ,  Teehateal as pasfa a@ WnagemenI; prable~llsr 

are i d e n t i f i e d  BDB daftned. Action Btemas are P o m l a t e d  f o r  r aso lu t ioa  

and followup. It came as a s u r p r i s e  chat we wetsin some placas,conei- 

derable  res ie tance  againat the introduction of a formalized approach 

ZOP de81gn l i i ' ev iw~~  but theas reviews have proven t o  be very worthwBnile 

and e f f e c t i v e  by brtwging unbtaaed t a l e n t  from a l l  d i s c i p l i n e s  i n t o  the  

loop a t  a fairly early date dw t h e  develogmnent cycle. 

Fa i lu re  repor t ing sfid corrective action Bs another f ea tu re  i n  

which we a r e  etrong believers. We have b u i l t  up a s t r i c t l y  control led  

system far rcpart8ng, analyste,  correct ion and E s l l m x p  of elk human 

artore and hardware fn i lurco  through t h e  ncv~ral project phaaea, &nc%ud- 

iwg Launch c o u n t d m  and f l i g h t .  Id$ have s e t  up the mcbllncv and hap313 

it working w e l l ,  but were s t i l l  not  s a t i s f i e d  with t he  response on oar 

requests f o r  failure cznnalysis in the laboratow or planratk%beB origi*atcd 

&he f a f l u r e  analyeie e f f o r t  in  our o m  cpa l t ty  end Rel&a3%hity hwsur&maF;n? 

Laboratory kn order t o  pcmflt pcoplca who Gntn ueat?i&aed t o  perfom morq 

failure ana lys i s  work on t h e i r  mm. , 

A very eersenttal p a r t  of a r s l l a b i l b t g  pragram kt, ap adequate 

amount of t e s t ing .  E thbnk jD. ohould say a' f ~ d  ~0de3 &b~at thiln ~ E f o q k ,  

Rven k P  taetina, act%viltkt?fl nre m a r t  n lanya  4 paa~fc rrB: a t o # l l n b % & ~ ~ l !  

oacp,wsaik~flti&rpa, tent  pY-ra,rran mrnr: hn da~$&ls~nr:,r-rd +?I:? rallqbfi bdl l y  nnflEaanrF,ra 

aad t e a t  reaukrlb mrat be amBu@&a~d anal ut;t8btasd by k h ~ m ,  ~~a~aMlrf"lr?~ qR 
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flol c?lqt%#BW,g pwEcw9 the teato. %%@, t3 m k  %-,%rug@ 5% a'ra 6y?n,n 

of ha~beh vlc?h&clted, wham the re  i# no am~aede$Hga' p~trducsb;d;a ~ % ~ e r  

For t h i s  purpose, we mst t r y  t o  etiminatte a l l  modse of f a i l u r e s ,  o r  

t o  circumvent them by appl ica t ion of redundancy o r  o ther  techniques 

i n  order t o  reduce the  possibjt l i ty of occurrence t o  an acceptable 

level .  This requires various types of t e s t i ng ,  the  resu l t6  of which 

a r e  investigated contintaouslg by r e l i a b i l i t y  engineere who recommend 

e l h i n a t i o n  of weak spots  by whatever means necessary. 

The three  p r inc ipa l  types of t e s t i ng ,  even i f  they a r e  ca l l ed  

by other  names occasionally, are: 

a. Development t e s t s ,  which provide f o r  the necessary under- 

atanding of pr inciples  and operating cha rac t e r i s t i c s  involved; 

b, Q u a l i f i c a t i m  t e n t s ,  which provida an object ive  menaura 

a f  the  aucceea of design work; and 

c. Rel i ab i l i t y  t e s t s  which provide s t a t i s t i c a l  evidence 

concerning r e l i a b i l i t y ,  and the  l i m i t s  t o  which t he  design can be taken. 

Since r e l i a b i l i t y  t e s t s  a r e  o f ten  cancelled becauee of funding. 

l imi ta t ions ,  the  emphasis must be placed on development and qua l i f i ca -  

t i o n  t e s t e ,  and t he  r e l i a b i l i t y  engineer must be sure  t ha t  a l l  t ee te  

a r e  ca re fu l ly  planned and properly ins trumentdd . During the  develop- 

ment t e s t s ,  t e s t i ng  should be performed over a range of operating and 

environmental conditions above and below the  n m t n a l  t o  enhance the  

fundamental cha r ac t e r i s t i c s  QB the  device, t o  diocloae unsuspected 

modes of fafilureo, and t o  gain confidence tha t  adaqunto ~ a f a k y  margtnn 

exLe t . 



Based on the  r e su l t s  of the  development and qua l i f i ca t ion  tests, 

we a r e  required, i n  the  majority of the  cases,  t o  make our s ta teaen t  

as t o  the  bl ight  readiness of the  device. This we can do only i f  we 

hm t ha t  the  concept of t o t a l  qua l i ty  and r e l i a b i l i t y  $ ~ ~ u r a n c e  

%n the mnufacturhng plants has been followed, This means t ha t  p o d  

qualnty and r e l i a b i l i t y  programs, including qua l i t y  control  and 

ca r rec t fve  act ion,  configuration control ,  and procedural d i ec ip l t a s ,  

have been followed. A t  thke point tt becomes evident t h a t  e f f o r t s  

in reljlab-lility and qua l i ty  assurance must go on 8imuhtaneouekyr megr 

cannot be r e a l l y  t rea ted  ars independent d isc ipl ine$,  but: must 

supplement each other  strongly and cmglete9y.  

How, a f t e r  having given what a r e  considered the  moat e s sen t i a l  

pointlo dn the  WFC concept of r e l i a b i l i t y ,  X would not c lose  the  erub$a4lt 

without mentioning another very important ingredient ,  the  human being. 

Have you ever given thought about what qua l i f i ca t ions  you expect i n  

eb man or woman who devotee his  time t o  the  ung'lbamorous f i e l d  of 

rslbab81.ltty and quality assurance? Xn t h i s  person you need a combbaa- 

tllcbn of featurea which in not eantly avnilnhlo *ra tho mnrket. Pcoptc 

muet ba'profeserk~nnlly competent. %'hey m e t  brr w L ~ l i n g  t o  fdght 

an uph i l l  b a t t l e  a s  Long as they ca r ry  the  qua l i ty  o r  r e l i a b i l i t y  badgq. 

They must have a tremendous stamina against  Pmat ta t ion ,  o themise  

they cannot eurvive. They m e t  be self-motivating, nfarce no force 

foem the  outeide can eontirmoualy supply  nou ugh n o t i v a t d ~ n  t o  ove r~ma  

the dajllby a d v o r ~ a  aaaadrlttiaan. ?%my msnt ba aklrn t o  with pnapla. 
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(botk hard, and a pride of accomplishment. mey era, indead, extremely 

Hqortant assets, end effort should be expended t o  keep them on the 

$03 RB ton8 ae posa.1.blo, no that they can transfer ~xpcrienca from one 

project Anto the other and thus help to devekop and improve proper 

anethada of fmplcmcntatbon over extendcd periadb. 

'E would like to s~tm up, as Bollws: Success require$ a rcalLntLc 

concept tmplemenated by extraordknahy people m o  bow the 4.rporte.nce 

0 5  kheordtbcal nnalpeia and paperwork and hnwe n thorough undexa canding 

of the hardware and never forget that paperwork and hardware m ~ n t  80 


