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Abstract 

Douglas conducts p a r a l l e l  r e l i a b i l i t y  program 
a c t i v i t i e s :  Supplier Survei l lance f o r  spec ia l  
purchased components, and a Standard Par t s  program. 

Hardware items, whose s ing le  f a i l u r e  can cause 
l o s s  of t h e  mission, a r e  i d e n t i f i e d  by analysis  
and designated " f l i g h t  c r i t i c a l . "  For t h e  Supplier 
Survei l lance a c t i v i t y ,  spec ia l  f l i g h t  c r i t i c a l  
items t h a t  a r e  developed by suppl ie r s  have a com- 
plementary r e l i a b i l i t y  engineering program plan 
s t ruc tured  t o  Douglas R e l i a b i l i t y  Requirements 
Specif icat ions t h a t  a r e  a p a r t  of t h e  contractual. 
obl igat ions extant  between Douglas and NASA. The 
plan becomes a contractual  instrument between 
Douglas and t h e  supplier .  Progress on t h e  plan i s  
monitored and fos te red  by Douglas Supplier Reli- 
a b i l i t y  Survei l lance Engineers. 

Per iod ica l ly ,  s t a t u s  of t h e  spec ia l  hardware 
development and i t s  complementary r e l i a b i l i t y  
engineering plan is recap i tu la ted .  The Standard 
Par t s  program a c t i v i t y  develops and maintains 
Approved P a r t s  L i s t s ,  with a supporting l i s t  of 
qua l i f i ed  p a r t s  suppliers .  

Management con t ro l  forms and char t s  f o r  t h e  above 
a r e  described i n  t h e  paper. 

Credi t  

Phases of work presented herein were accomplished 
by t h e  Missi le  & Space Systems Division under pro- 
grams sponsored by t h e  National Aeronautics and 
Space Administration. 

Introduct ion 

V i t a l  a c t i v i t i e s  of t h e  Douglas S-IVB R e l i a b i l i t y  
Engineering Plan cover Supplier Survei l lance f o r  
t h e  development of spec ia l  purchased components and 
an adequate Standard Par t s  program. Supplier 
Survei l lance provides guidance t o  t h e  network of 
suppliers  i n  t h e i r  conduct of systematic and 
orderly p ro jec t  nanagement techniques i n  order t o  
f o s t e r  development of system-unique hardware r e l i -  
a b i l i t y  within t h e  cons t ra in t s  of p ro jec t  cost  and 
time schedule. This i s  t h e  respons ib i l i ty  of t h e  
S-IVB R e l i a b i l i t y  Engineering Branch. The Standard 
Par t s  program provides approved l i s t s  of supplied 
p a r t s  f o r  se lec t ion  by t h e  designer. Responsi- 
b i l i t y  f o r  t h e  S-IVB p a r t s  program i s  assigned t o  
t h e  Component Standards Branch, a design organiza- 
t i o n  f o r  t h e  Missi le  and Space Systems Division of 
Douglas. 

Douglas regards an o v e r a l l  p ro jec t  r e l i a b i l i t y  
program as consis t ing of two major port ions.  I n  
t h e  normal course of development, t h e  f i r s t  major 
por t ion ,  t h e  R e l i a b i l i t y  Engineering Program, i s  
followed by t h e  second major por t ion ,  t h e  Reli- 
a b i l i t y  Assurance Program. Of course, t h e r e  i s  
considerable overlap. A c t i v i t i e s  during t h e  former 

1 
a r e  directed towards achievement of desired design 
r e l i a b i l i t y  by t h e  focusing of a l l  ava i lab le  ex- , 
perience on t h e  technical  development problems a t  
hand. A number of techniques a r e  employed f o r  t h i s  
purpose, such a s  design ana lys i s ,  design review, 
co l lec t ion  of f a i l u r e  h i s t o r y  from both sources 
within and sources ex te rna l  t o  t h e  project  f o r  
appl icat ion t o  design improvement, numerical evalu- 
a t ion  of development progress, and t e s t i n g  t o  
appropriate  environmental c r i t e r i a .  Ac t iv i t i es  
during t h e  R e l i a b i l i t y  Assurance Program a r e  
directed towards maintenance of t h e  designed l e v e l  
of r e l i a b i l i t y  during manufacture and use of t h e  
hardware. R e l i a b i l i t y  Assurance a c t i v i t i e s  t h a t  
a r e  or iented towards suppl ie r s ,  such as  metrology 
cont ro l ,  source inspect ion,  and incoming inspect ion 
and acceptance t e s t i n g ,  a r e  not discussed i n  t h i s  
paper. 

The object ive of t h i s  paper i s  t o  present a 
descr ipt ion of what we bel ieve t o  be successful ly 
managed components/parts cost-effect ive programs, 
integrated i n t o  development of t h e  Douglas Saturn 
S-IVB Stage. Procedures, con t ro l s ,  and techniques 
a r e  described. Forms and char t s  a r e  i l l u s t r a t e d .  

Supplier Surveillance 

Douglas R e l i a b i l i t y  Engineering Program 

Douglas's R e l i a b i l i t y  Engineering a c t i v i t i e s ,  
t h a t  complement t h e  development of t h e  Saturn S-IVB 
Stage, concentrate on " f l i g h t  c r i t i c a l "  items. 
These a r e  items whose s ing le  f a i l u r e  can cause l o s s  
of the  mission. A c t i v i t i e s  on these items a r e  
pace-setting f o r  t h e  development of t h e  r e s t  of t h e  
s tage hardware, i . e .  , product assurance require-  
ments s e t  f o r  these items tend t o  p u l l  along ( i n  a 
"Pied Piper" fashion)  development of r e l i a b i l i t y  
i n  t h e  r e s t  of t h e  s tage hardware. Determination 
of f l i g h t  c r i t i c a l  items has been described pre- 
viously;  it i s  s u f f i c i e n t  t o  s t a t e  t h a t  t h e  
determination i s  t h e  r e s u l t  of a ca re fu l  design 
ana lys i s ,  taking i n t o  account t h e  e f f e c t  on s tage 
performance of t h e  various generic f a i l u r e s  t h a t  
t h e  items can experience without regard t o  t h e  
causes of t h e  f a i l u r e s .  

After  determination of t h e  l i s t  of f l i g h t  c r i t i -  
c a l  items, fu r ther  analysis  i s  ca r r ied  out t o  rank 
t h e  items i n  order of highest c r i t i c a l i t y  f i r s t .  
Those c r i t i c a l  items t h a t  a r e  t o  be purchased a r e  
i d e n t i f i e d ,  and come under cognizance of the  
Supplier Surveillance Group within Douglas Reli- 
a b i l i t y  Engineering f o r  execution of appropriate  
r e l i a b i l i t y  development requirements. In  t h e  
majority of cases ,  these items a r e  made up of 
several  par t s .  

During def in i t ion  of t h e  Saturn S-IVB Stage con- 
t r a c t u a l  R e l i a b i l i t y  Program Plan with NASA, 
Douglas included two R e l i a b i l i t y  Requirements 



Specif icat ions f o r  describing spec ia l  suppl ier  item drawings and spec i f ica t ions .  Thereafter ,  
r e l i a b i l i t y  engineering a c t i v i t i e s .  One spec i f i -  R e l i a b i l i t y  Assurance techniques take over t o  the  
cat ion i s  termed f o r  "Major C r i t i c a l  1tems ," and degree specif ied i n  the  item spec i f ica t ion  drawing. 
t h e  other  f o r  "General C r i t i c a l  Items." 

These spec i f ica t ions  a r e  f o r  appropriate  ca l lou t  
i n  t h e  item procurement Specif icat ion Control 
Drawings. It was f e l t  t h a t  t h e  topmost dozen or 
so  items on t h e  ranked c r i t i c a l i t y  l i s t ,  t h e  Major 
C r i t i c a l  Items, deserved de ta i led  and thorough 
r e l i a b i l i t y  development a t t e n t i o n ,  but t h a t  there  
was no need t o  confront a po ten t ia l  general c r i t i -  
c a l  item supplier  with a requirement f o r  an exten- 
s i v e  r e l i a b i l i t y  program f o r  preparation of h i s  
cost  proposal.  More about t h i s  l a t e r .  

The R e l i a b i l i t y  Requirements Specif icat ions in- 
clude t h e  following top ics ;  t h e  e n t i r e  l i s t  i s  f o r  
t h e  "majors," those top ics  as te r i sked  a r e  gener- 
a l l y  required f o r  t h e  "generals" (o ther  top ics  may 
be added as  appropr ia te ) :  

"Preparation of Suppl ie r ' s  R e l i a b i l i t y  
Program Plan 

"Description of Supplier 's  R e l i a b i l i t y  
Organization 

Fa i lu re  Mode Cause Analysis (FMCA) 

Fa i lu re  Mode Frequency Analysis 

Preventive Evaluation 

Quant i t a t ive  R e l i a b i l i t y  

*Similar Item Fa i lu re  History 

Design Review and Procedure 

Mater ial  Control Procedure 

Change Control Procedure 

Fai led Part  Review Procedure 

"Failure Analysis and Corrective Action 
Procedure 

Major C r i t i c a l  Items-Program 

Program plans f o r  Major C r i t i c a l  Items w i l l  
usual ly encompass a l l  t h e  t asks  described i n  t h e  
requirements specif icat ion.  Supplier r e l i a b i l i t y  
program plans,  submitted t o  t h e  General R e l i a b i l i t y  
Requirements Specif icat ion,  w i l l  have more varia-  
t i o n  than program plans meeting t h e  requirements of 
a major c r i t i c a l  item. Reasons are:  

a .  Relat ive item design complexity. 

b .  Off-the-shelf versus new design concept 

c .  S t a t e  of development a t  t h e  time r e l i a b i l i t y  
requirements a r e  invoked. 

d. Supplier 's  r e l a t i v e  r e l i a b i l i t y  engineering 
capabi l i ty  versus item c r i t i c a l i t y .  

For example, l i t t l e  or no emphasis should be 
placed on tasks t h a t  would tend t o  influence t h e  
ea r ly  basic  design of an item i f  t h e  suppl ie r ' s  
design i s  an off-the-shelf item with minor adapta- 
t i o n s  t o  Douglas requirements. In  t h i s  case,  t h e  
suppl ie r ' s  r e l i a b i l i t y  engineering program should 
be s t ructured t o  concentrate on t h e  item develop- 
ment t e s t  phase, including t h e  submit tal  of avai l -  
able  design and t e s t  data ,  h i s t o r i c a l  s imi la r  p a r t s  
da ta ,  and applicable repor t s .  Likewise, t h e  same 
kind of a r e l i a b i l i t y  program plan should apply i f  
l a t e  introduct ion of r e l i a b i l i t y  requirements i s  
applied t o  an item already i n t o  t h e  t e s t  phase. 

I n  t h i s  fashion, plans a r e  t a i l o r e d  t o  complement 
individual  hardware developments, with an eye t o  
minimizing inappropriate e f f o r t  and unnecessary 
cos t .  Thus, f o r  money expended, r e l i a b i l i t y  and 
system effect iveness  a r e  optimized. 

The plan becomes t h e  contractual  instrument be- 
tween Douglas and the  supplier .  Progress on t h e  
plan i s  monitored and fos te red  by Douglas Sslpplier 
Surveillance Engineers. 

Test Program Supplier 's  Re l iab i l i ty  Program Assurance 

"Progress Reports and Documentation 

The R e l i a b i l i t y  Requirements Specif icat ions a r e  
ou t l ines  t o  which suppl ie r s '  r e l i a b i l i t y  program 
plans a r e  s t ruc tured ,  together  with calendar mile- 
s tones f o r  t a s k  accomplishment. The r e l i a b i l i t y  
e f f o r t  complements t h e  design development e f f o r t .  

Douglas Supplier R e l i a b i l i t y  Survei l lance Engi- 
neers evaluate each supplier  on an individual  
bas i s  with respect  t o  t h e  requirements of t h e  
appropriate  R e l i a b i l i t y  Requirements Specif icat ion 
f o r  establishment of h i s  r e l i a b i l i t y  engineering 
program plan. To derive t h e  most benef i t  from t h e  
s u p p l i e r ' s  r e l i a b i l i t y  engineering e f f o r t ,  act ion 
should begin with the  design-development phase of 
t h e  item. However, i f  t h e  suppl ie r ' s  design 
ana lys i s  should occur a f t e r  the  design-development 
phase of t h e  item, it s t i l l  has value i n  t h a t  it 
confirms or  supplements design ana ly t ica l  predic- 
t i o n  of performance f o r  t h e  c r i t i c a l  item. The 
supplier  R e l i a b i l i t y  Engineering Program Plan 
covers t echnica l  e f f o r t s  up t o  f i n a l i z a t i o n  of t h e  

During t h e  i n i t i a t i o n  of t h e  suppl ie r ' s  r e l i -  
a b i l i t y  program plan, frequent contact and v i s i t s  
a r e  i n  order t o  assure t h a t  t h e  plan i s  wel l  s t ruc-  
tured and progresses i n  a manner benefi t ing t h e  
overa l l  program. Otherwise, v i s i t s  a r e  made only 
when nonconformance t o  the  suppl ie r ' s  r e l i a b i l i t y  
program plan milestones i s  evident and, i n  addi- 
t i o n ,  t h e  hardware development t o  which t h e  plan 
appl ies  i s  i n  d i f f i c u l t y .  

Supplier Surveillance personnel a r e  ins t ruc ted  t o  
avoid expressing opinions or  recommendations t o  
supplier  personnel per taining t o  any aspects of 
design, t e s t ,  o r  concomitant procedures, though 
questions about these  subjects  may be asked. 
Guidance t o  the  supplier  i s  l imited t o  c l a r i f i c a -  
t i o n  or  in te rpre ta t ion  of R e l i a b i l i t y  Engineering 
Requirements contractual iy imposed on the  supplier .  
Any matters t h a t  have cost  o r  schedule impact a re  
unof f ic ia l  u n t i l  covered by proper contractual  
documentation from Douglas Procurement. 



Conversations wi th  s u p p l i e r  personnel  a r e  
covered by i n t e r n a l  r e p o r t s .  A l l  cognizant  
Douglas t e c h n i c a l  s e c t i o n s  r e c e i v e  copies  of  t h e  
r e p o r t ,  whether o r  not  t hey  p a r t i c i p a t e  i n  t h e  
s u p p l i e r  conver sa t ion .  Any suggest ions  o r  recom- 
mendations by Supp l i e r  Surve i l l ance  t o  any of t h e  
cognizant Douglas Sec t ions ,  on ma t t e r s  o the r  than  
t h e  R e l i a b i l i t y  Engineering Requirement, a r e  d i s -  
cussed and coordinated wi th  t h e  cognizant s e c t i o n ,  
which au thor i zes  and t a k e s  a p p r o p r i a t e  implementing 
a c t i o n  through Douglas Procurement. 

P e r i o d i c a l l y ,  s t a t u s  of  t h e  development and i t s  
complementary r e l i a b i l i t y  engineer ing p lan  i s  
r e c a p i t u l a t e d .  The r ecap  forms, f i g u r e s  1 and 2 ,  
a r e  used t o  a s s i s t  i n  t h i s .  These a r e  working 
p ieces  of paper ,  and provide  a  p l a c e  f o r  system- 
a t i c a l l y  r eco rd ing  t h e  f a c t s  which a i d  i n  making 
a  dec i s ion  a s  t o  whether o r  not  t h e  r e l i a b i l i t y  
p l an  a c t i v i t i e s  need augmentation o r  diminution. 
These a l s o  a i d  i n  determining whether o r  not a  
s u p p l i e r  con tac t  i s  i n  o r d e r  by Supp l i e r  Surve i l -  
l ance .  S t a t u s  of q u a l i f i c a t i o n  t e s t i n g  i s  
reviewed and recorded;  i f  t h e r e  i s  d i f f i c u l t y  mani- 
f e s t e d  t h e r e i n ,  a s  evidenced by f u n c t i o n a l  f a i l u r e  
r eco rds  having been w r i t t e n  a g a i n s t  t h e  i tem,  t h i s  
i s  cause  f o r  a d d i t i o n a l  Supp l i e r  Surve i l l ance  
e f f o r t .  Current c r i t i c a l i t y  ranking i s  v e r i f i e d  
and noted. A change i n  c r i t i c a l i t y  ranking,  as a  
r e s u l t  of  a  s p e c i f i c  one-time miss ion requirement,  
can cause  r e n e g o t i a t i o n  of  r e l i a b i l i t y  program 
requirements .  Accomplishment of r e l i a b i l i t y  
requirements  t o  d a t e  i s  noted on t h e  form, f i g u r e  
2 ,  and summarized f o r  e n t r y  on t h e  form, f i g u r e  1. 
Note t h a t  t h e r e  i s  a  p l ace  on form, f i g u r e  1, f o r  
a  f o r e c a s t  of  manhours e f f o r t  t o  c a r r y  on sur-  
v e i l l a n c e ;  t h u s ,  t h e  form a i d s  admin i s t r a t ion  of 
b o t h  Supp l i e r  Surve i l l ance  e f f o r t  and t r a v e l .  

To fol low progress  of t h e  r e s p e c t i v e  s u p p l i e r s  
i n  meeting t h e i r  mi l e s tones ,  an  o f f i c e  c h a r t  i s  
mainta ined.  This i s  i l l u s t r a t e d  i n  f i g u r e  3. 
When a  scheduled mi l e s tone  i s  met,  i t s  symbol on 
t h i s  ca lendar  c h a r t  i s  f lagged.  The c u r r e n t  d a t e  
l i n e  i s  moved wi th  passage of t ime.  Symbols 
s i g n i f y  a p p r o p r i a t e  t o p i c s  i n  t h e  s u p p l i e r ' s  
r e l i a b i l i t y  program p lan .  

I n  desc r ib ing  t h e  Douglas S-IVB p r o j e c t  Re l i -  
a b i l i t y  Engineering Supp l i e r  Surve i l l ance  program, 
f e a t u r e s  t h a t  a r e  be l i eved  of  i n t e r e s t  have been 
h igh l igh ted .  A l l  d e t a i l s  o f  t h e  program by no 
means a r e  covered. The a c t i v i t i e s  a r e  c o n t r o l l e d  
t o  opt imize  des ign r e l i a b i l i t y  achieved pe r  pro- 
gram d o l l a r  expended, which opt imizes  c o s t  
e f f e c t i v e n e s s .  

S-IVB Standard P a r t s  Program 

Common Def i c i enc ie s  of  Ea r ly  Space P r o j e c t s  

Ea r ly  n a t i o n a l  space  p r o j e c t s  had s u f f e r e d  a  
common de f i c i ency :  a  l a c k  of  f i r m  p a r t s  manage- 
ment programs. This had r e s u l t e d  i n  much unneces- 
s a r y  t e s t i n g ,  i nc reased  l o g i s t i c s  problems, and 
use  of  u n r e l i a b l e  p a r t s .  It had a l s o  prevented 
t h e  accumulation of r e l i a b i l i t y  d a t a  which could 
have been obta ined had t h e r e  been organized p a r t s  
programs. F u r t h e r ,  it should  b e  noted t h a t  p a r t s  
program elements c o n t r i b u t i n g  t o  reduce c o s t ,  such 
a s  s t a n d a r d i z a t i o n ,  r educ t ion  i n  p a r t  t y p e s ,  and 
s e l e c t i o n  of q u a l i f i e d  s u p p l i e r s ,  a l s o  con t r ibu te  
t o  r e l i a b i l i t y .  

MSSD Components Standard P a r t s  Program 

The Douglas MSSD Components Standards Branch has  
an  e f f i c i e n t ,  w e l l  organized program t h a t  r e s u l t s  
i n  t h e  s e l e c t i o n  and a p p l i c a t i o n  of r e l i a b l e  p a r t s  
a t  minimal c o s t ,  t o  he lp  achieve t h e  h igh  l e v e l  of 
r e l i a b i l i t y  r equ i red  f o r  t h e  S-IVB Program. 

Features  of t h e  p a r t s  program a r e  t o :  

a .  Develop and mainta in  Approved P a r t s  L i s t s  
(APL' s )  f o r  program usage. 

b .  Provide c o n s u l t a t i o n  t o  t h e  des igne r s  on t h e  
proper a p p l i c a t i o n  of p a r t s .  

c .  Maintain a  l i s t  of  q u a l i f i e d  p a r t s  s u p p l i e r s .  

d .  Perform p a r t  f a i l u r e  a n a l y s i s  and i n i t i a t e  
c o r r e c t i v e  a c t i o n .  

e .  Prepare  and implement s tandard p a r t  procure- 
ment s p e c i f i c a t i o n s .  

f .  E s t a b l i s h  p a r t  t e s t  requirements and monitor 
t e s t s .  

g .  An t i c ipa te  f u t u r e  p a r t  requirements and main- 
t a i n  a  cont inuing p a r t  r e sea rch  and evalua- 
t i o n  program. 

h.  P a r t i c i p a t e  i n  government and indus t ry  p a r t  
s t anda rd iza t ion  programs. 

i . Maintain s t anda rd  manuals. 

j. Monitor p a r t s  usage t o  i n s u r e  t h e  use  of 
approved p a r t s .  

A l i s t i n g  of a l l  p a r t s  which a r e  accep tab le  f o r  
t h e  S-IVB Program has  been accumulated and incor-  
pora ted i n t o  t h e  Douglas S-IVB APL's (one f o r  s t a g e  
and one f o r  GsE). Only those  p a r t s  f o r  t h e  ca t e -  
g o r i e s  covered, t h a t  a r e  on t h e s e  l i s t s ,  may be  
s e l e c t e d  f o r  use  i n  des ign.  I n  compiling t h e  
APL' s  , NASA-Marshall Space F l i g h t  Center (MSFC) 
documents were used a s  b a s i c  guide  l i n e s .  Other 
p a r t s  were added, s e l e c t e d  from m i l i t a r y ,  i n d u s t r y ,  
and Douglas s t anda rds ,  o r  from o the r  Douglas pro- 
grams. L i s t i n g  of t h e s e  p a r t s  i s  s u b s t a n t i a t e d  by 
t e s t  and/or ope ra t iona l  da t a .  

P a r t s  S e l e c t i o n  

The p a r t s  s e l e c t i o n  f o r  t h e  a c t u a l  p a r t  appl ica-  
t i o n  i s  t h e  combined r e s p o n s i b i l i t y  o f :  t h e  
Corr.ponent Standards Branch, t h e  S-IVB R e l i a b i l i t y  
Engineering Branch, and t h e  cognizant S-IVB Design 
Branch. The R e l i a b i l i t y  Engineering Branch i d e n t i -  
f i e s  those  i tems t h a t  a r e  considered c r i t i c a l  from 
a r e l i a b i l i t y  s tandpoint  and t h e  Design Branch 
s e l e c t s  t h e  p a r t  t h a t  w i l l  achieve t h e  h ighes t  sys-  
tem r e l i a b i l i t y .  Every e f f o r t  i s  made t o  l i m i t  t h e  
number of d i f f e r e n t  types  of p a r t s  i n  o rde r  t o  
expend maximum e f f o r t  Gn r e l i a b i l i t y  improvement of 
t hose  se l ec t ed .  

Approved P a r t s  L i s t s  Chenges 

The Approved P a r t s  L i s r s  (A?L ' s )  a r e  updated i n  
order  t o  be  responsive  t o  des ign needs and remain 
i~ s t r i d e  with advancements i n  technology. These 
changes a r e  made wi th  t h e  approval of t h e  p a r t  



s p e c i a l i s t  and t h e  cognizant S-IVB Design Branch 
Supervisor. Changes a r e  brought about e i t h e r  by 
a  designer endeavoring t o  j u s t i f y  t h e  need f o r  a  
new p a r t ,  o r  by t h e  p a r t s  s p e c i a l i s t  offer ing a  
b e t t e r  so lu t ion  t o  t h e  design problem. The 
s p e c i a l i s t  reviews t h e  APL Change Request f o r  ade- 
quacy of j u s t i f i c a t i o n .  An approved request some- 
times r e s u l t s  i n  a  Douglas spec i f ica t ion  t o  
develop t h e  new p a r t ,  o r  t h e  upgrading of a  par t  
t o  meet higher performance and r e l i a b i l i t y  
requirements. The new spec i f ica t ion  i s  prepared 
only when t h e  par t  s p e c i a l i s t  cannot s a t i s f y  t h e  
design requirements with an ex is t ing  p a r t ,  o r  when 
it has been determined t h a t  an adequate specif ica-  
t i o n  does not a lready e x i s t .  This new specif ica-  
t i o n  i s  issued t o  p o t e n t i a l  p a r t s  manufacturers 
f o r  competitive b ids .  A d e t a i l e d  evaluation f o r  
each competitive b i d  is  recorded on t h e  Proposal 
Evaluation Form, f i g u r e  4. These forms provide 
f o r  comparative r a t i n g s  of t h e  p a r t  being evalu- 
a ted  with respect  t o  such things a s  de ta i led  
design, ava i lab le  t e s t  da ta ,  workmanship, con- 
formance t o  Douglas specificat,ion requirements, 
and cost .  Past  performance of t h e  manufacturer 
as  t o  qua l i ty  and de l ivery  i s  included. The 
a v a i l a b i l i t y  of t h e  manufacturer's f a c i l i t y  t o  
produce p a r t s  of t h e  desired qua l i ty  and r e l i -  
a b i l i t y  is a l s o  evaluated. 

Par t s  S p e c i a l i s t ' s  Respons ib i l i t i es  

The p a r t s  s p e c i a l i s t  i s  sometimes required t o  
v i s i t  t h e  p o t e n t i a l  suppl ie r s  t o  discuss  t h e  
spec i f ica t ions  and evaluate  each manufacturer's 
suggestions, comments, or deviat ions t o  t h e  
spec i f ica t ion .  V i s i t s  t o  t h e  p o t e n t i a l  suppl iers  
a l s o  a i d  t h e  p a r t s  s p e c i a l i s t  i n  evaluating t h e  
manufacturer 's c a p a b i l i t i e s .  

The preparat ion of p a r t s  spec i f ica t ions  such a s  
semiconductors, r e s i s t o r s ,  capac i to rs ,  wire or 
cable ,  t ransformers ,  r e l a y s ,  switches, f l u i d  
f i t t i n g s ,  fas teners ,  bearings, e t c . ,  is  t h e  
r e s p o n s i b i l i t y  of t h e  p a r t  s p e c i a l i s t .  When a par t  
i s  qua l i f i ed  t o  t h e  new spec i f ica t ion ,  it is  added 
t o  t h e  APL. 

Additional du t ies  of t h e  p a r t s  s p e c i a l i s t  re- 
qu i re  him t o  perform p a r t  f a i l u r e  ana lys i s ,  and t o  
document these  analyses by formal repor t s .  These 
f a i l u r e  analyses a r e  frequent ly performed a t  t h e  
s u p p l i e r ' s  f a c i l i t y ,  and sometimes r e s u l t  i n  rede- 
s ign of t h e  subsystem i n  which t h e  p a r t  i s  
i n s t a l l e d ,  o r  d e f i n i t i o n  of a  new par t  specif ica-  
t ion.  

Par t s  Program Effect iveness  Assurance 

To assure effect iveness  of t h e  p a r t s  program, a  
con t ro l led  sequence of monitoring checks i s  ca r r ied  
out .  The f i r s t  check is  during Formal Design 
Review, which i s  conducted by t h e  S-IVB Program 
Design Office,  and i n  which both the  Component 
Standards Branch and t h e  R e l i a b i l i t y  Engineering 
Branch p a r t i c i p a t e  t o  provide consul tat ion on the  
app l ica t ion  of p a r t s .  The second check i s  made 
when advanced mate r ia l  orders a r e  submitted t o  the  
Component Standards Branch f o r  s ignoff  p r io r  t o  
re lease .  The t h i r d  check i s  made by t h e  Engi- 
neering Drawing Check Section pr io r  t o  t h e  engi- 
neering drawing re lease .  The fourth check is made 
by t h e  Component Standards Branch by reviewing t h e  
"mechanized l i s t  of mater ial" ,  a  computer p r in t -  
out of a l l  p a r t s  used on t h e  S-IVB Program. These 

four monitoring operations assure t h e  use of ap- 
proved p a r t s  i n  S-IVB equipment. 

Conclusions 

Vigorous exercise of t h e  p a r t s  program techniques 
r e s u l t s  i n  both reduction of par t  types,  and 
standardized p a r t s  procured from qual i f ied sup- 
p l i e r s .  This brings about se lec t ion  and applica- 
t i o n  of r e l i a b l e  p a r t s  a t  an optimum cos t ,  thus 
enhancing t h e  probabi l i ty  of achievement of t h e  
high r e l i a b i l i t y  goals i n  t h e  S-IVB Program. 

Techniques t h a t  Douglas employs f o r  optimizing 
r e l i a b i l i t y  development, per suppl ie r ' s  program 
d o l l a r  expended, have been emphasized. Each sup- 
p l i e r 7 s  r e l i a b i l i t y  engineering a c t i v i t i e s  a r e  
t a i l o r e d  t o  t h e  hardware and t o  i t s  r e l i a b i l i t y  
requirements. Followup a c t i v i t i e s  a r e  administered 
with an eye t o  t h e  dpamics of the  technological 
development p ic tu re  a s  t h e  program unfolds, a s  well  
as  on t h e  Douglas t r a v e l  budget. Continuous man- 
agement survei l lance of t h e  pert inent  fac tors  i s  
provided, benefi t ing both Douglas and t h e  customer. 
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MAJOR FLIGHT CRITICAL ITEMS SPECIFICATION REVIEW 

3.1.2 ADDITIONAL REQUIREMENTS (SCD) 
3.1.3 PREVIOUS REQUIREMENTS (400-2) 
3.1.4 VARIATIONS AND SUBMITTALS (VIR-DDR) 
3.2.1 INSPECTION RIGHTS 
3.2.2 TEST SCHEDULING ADVANCE NOTICE 
3.3 RELIABILITY PROGRAM PLAN (SEE 3.5.1-6) 
3.4.1 ORGANIZATION STATUS AND AUTHORITY 
3.4.2 ORGANIZATION CHART 
3.4.3 ORGANIZATION FUNCTIONS 
3.5.1 FAILURE MODE ANALYSIS 
3.5.1.1 FAILURE MODE CAUSE ANALYSIS 
3.5.1.2 FAILURE MODE FREQUENCY ANALYSIS 
3.5.1.3 PREVENTIVE EVALUATION 
3.5.2 QUANTITATIVE RELIABILITY 
3.5.3 BLOCK DIAGRAM 
3.5.4 FAILURE ANALYSIS PARTICIPATION 
3.5.5 SIMILAR ITEM FAILURE HISTORY 
3.5.6 DOCUMENTATION 
3.6.1 DESIGN REVIEW DESCRIPTION 
3.6.2 PROCEDURE 
3.6.3 TECHNICAL CONSIDERATIONS 
3.7.1 DOCUMENTATION LIST SPECIFICATIONS 

STANDARDS 
PROCEDURES 

3.8.1 DESIGN EVALUATION 
3.8.2 SECOND TIER SUPPLIER SURVEILLANCE PROCEDURE 
3.8.3 MATERIAL SELECTION & QUALIFICATION 
3 9 CHANGE CONTROL 
3.10 FAILED ITEM REVIEW PROCEDURE 
3.11 SUPPLIER INITIATED FAILURE ANALYSIS 
3.11.2 FAILURE ANALYSIS OF RETURNED PARTS 
3.12 IDENTIFICATION 
3.13 SUPPLIERS TEST PROGRAM & DOCUMENTATION 
3.14 RELIABILITY PROGRESS REPORTS 

FIGURE 2 
(SHEET 1) 
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FLIGHT CRITICAL ITEMS SPECIFICATION REVIEW 

FIGURE 2 
(SHEET 2) 
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3.1 MEANTIME BETWEEN FAILURE 
3.1.1 RELIABILITY REQUIREMENTS 

3.1.1 RELIABILITY ESTIMATES 
b. SERVICE LIFE 
c. SERVICE LIFE & ACCEPTANCE TEST ENVIRONMENT 
d. DATA CENSORING CRITERIA (What is a ~ailure) 
e. SIMILAR ITEM FAILURE HISTORY 
f. ENVIRONMENTS EXISTING WHEN FAILURES OCCURRED 

3.1.2 PREVIOUS REQUIREMENTS (RCS 400-2) 
3.1.2 SUBSTANTIATION-RELIABILITY ESTIMATES 

a. SIMILAR PART FAILURE RATES 
b. TOTAL NO. FAILURES THIS ITEM DURING TEST 
c. EXPECTED & EXISTING FAILURE MODES 

AND FREQUENCY-OCCURRENCE 
d. EXISTING OPERATING TIME TOTAL ALL ITEM 

OR SINGLE ITEM REPORTS 
3.1.3 VARIATIONS & DATA SUBMITTALS (VIR) 
3.2.1 INSPECTION RIGHTS 
3.2.2 TEST SCHEDULING NOTIFICATION 

3.2 REPORTS AND DATA REQUIRED 
a. ESTIMATE (3 .l. 2) UPDATED WITH PROGRESS REPORT 
b. TEST RESULTS 
c. ACCEPTANCE TEST PROCEDURES 
d. OPERATING TIME AND ENVIRONMENT 
e. TEST PLAN 

3.3 f. PROGRAM PLAN - ANTICIPATED TASKS, 
MILESTONE CHART 

g .  IN-HOUSE REJECTIONS AND FAILURE ANALYSIS 
h. FAILURE ANALYSIS OF ITEMS ON FORM 60-732 

and 60-7321 AND DISASSEMBLY OBSERVATION 
OF FAILED ITEM 

3.3 FAILURE MODE CAUSE ANALYSIS 
3.3 RELIABILITY PREDICTIONS 
3.3 FAILURE RATE SUBSTANTIATION 
3.3 BLOCK DIAGRAM 
3.3 FAILURE REVIEW PROCEDURES 
3.4.1 ORGANIZATION STATUS AND AUTHORITY 
3.4.2 ORGANIZATION CHART 
3.4.3 ORGANIZATION FUNCTIONS 
3.5 SIMILAR ITEM FAILURE HISTORY 
3.6 DOCUMENTATION 
3.7 FAILURE ANALYSIS 
3.8 SUPPLIER RELIABILITY PROGRESS REPORT 

1 2 3 4  



ACTIVE FCI SUPPLIER SURVEILLANCE CALENDAR 

1 INITIATE PROCUREMENT 1 
2 RELIABILITY PLAN 
3 FAILURE MODE CAUSE ANALYSIS 
4 FAILURE HISTORY - SIMILAR PARTS 
5 PREDICTIONS 
6 FIRST PROGRESS REPORT 
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FIGURE 3 
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COMPONENT STANDARDS BRANCH 

EVALUATION OF PROPOSALS FROM VENDORS 

EVALUATION 
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FIGURE 4 
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