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INTRODUCTION 

NASA’s space programs involve broad ob jec t ives  f o r  
t he  s c i e n t i f i c  explora t ion  of space and t h e  d.eve1opment 
of competence i n  t h e  assoc ia ted  technology. 
programs a r e  intended t o  e s t a b l i s h  t h e  pre-eminence of 
t h i s  na t ion  i n  space; thereby demonstrating our capac i ty  
f o r  world l eadersh ip  and the  supe r io r  a b i l i t y  of 
American democracy t o  mobilize i t s  s c i e n t i f i c  and i n -  
d u s t r i a l  resources  i n  response t o  today’s  needs. An 
up-to-date and d e t a i l e d  i n s i g h t  i n t o  t h e  na ture  of our  
space programs and t h e  t echn ica l  and managerial 
problems involved i n  t h i s  vas t  e f f o r t  of innovation 
and. c r e a t i v i t y  can be found i n  the  Proceedings of t h e  
Fourth National Conference on the  Peaceful Uses of 
Space. (Ref.  1). 

These 

I NASA’s Q u a l i t y  Program i s  one of s e v e r a l  t e c h n i c a l  
( d i s c i p l i n e s  necessary t o  the success fu l  development and 
ispace f l i g h t  opera t ion  o f  the small q u a n t i t i e s  of i n - +  
h e r e n t l y  c o s t l y  research-type hardware through which 
man i s  conquering space. Reference ( 2 )  descr ibes  

of t he  Q u a l i t y  Program, including t h e  a p p l i -  
Q u a l i t y  Publ icat ions,  NPC 200-2 & 200-3, t c .  I *  - ’  NASA procurements. 

NATURE OF QUALITY REQUIREMENTS 

To understand NASA q u a l i t y  requirements it i s  
f i r s t  that NPC 200-2 e s t a b l i s h e s  

system requirements f o r  space system 

expressed i n  these Q u a l i t y  Publ ica t ions  : 

t h a t  NPC 200-3 does t h e  same f o r  
supp l i e r s  opera t ing  below the system l e v e l .  The 

Encourage indus t ry  i n i t i a t i v e  i n  achieving 
q u a l i t y  and i n  developing ob jec t ive  evidence 
of q u a l i t y .  

(I 

\ 

0 Permit use of those e x i s t i n g  indus t ry  procedures 
found s u i t a b l e  f o r  space q u a l i t y ,  e i t h e r  as i s ,  
o r  w i t h  modifications.  
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Require d e l i b e r a t e  management e f f o r t  i n  many 
q u a l i t y  func t ions ,  including but not  l imi t ed  t o  
t r a d i t i o n a l  q u a l i t y  cont ro l  and in spec t ion .  

0 Permit v a r i a t i o n s  i n  d e t a i l e d  e f f o r t  t o  be t a i l o r e d  
t o  the  circumstances of i n d i v i d u a l  procurements. 

Provide f o r  a firm understanding of q u a l i t y  r equ i r e -  
ments p r i o r  t o  NASA purchase and d e f i n i t i o n  of 
q u a l i t y  requirements i n  subsequent subcont rac ts .  

0 Require con t ro l  f rom i n i t i a t i o n  of design through 
t o  opera t iona l  use.  

Provide for ear ly problem recogn i t ion  and so lu t ion  
t o  avoid the  cos t  and schedule impact of problem 
so lu t ions  delayed. t o  the end-item best o r  launch 
s i t e .  

0 Provide f o r  personnel a c c o u n t a b i l i t y  and responsi-  
b i l i t y  through i d e n t i f i c a t i o n  of the worker w i t h  
h i s  work, t r a i n i n g  and c e r t i f i c a t i o n .  

These p r i n c i p l e s  a r e  intended p r i m a r i l y  t o  help 
ensure mission success and f l i g h t  crew s a f e t y .  They 
o f f e r  i d e n t i f i a b l e  oppor tuni t ies  f o r  cos t  con t ro l  i n  
q u a l i t y  operat ions f o r  NASA, both by supp l i e r s  and by 
t h e  Research and Space F l i g h t  Centers exe rc i s ing  
t e c h n i c a l  d i r e c t i o n  over NASA c o n t r a c t s .  
and NASA management need t o  provide s k i l l f u l  d i r e c t i o n  
of q u a l i t y  e f f o r t s  t o  achieve the requi red  high re-  
l i a b i l i t y  wi th in  j u s t i f i a b l e  and reasonable c o s t .  The 
following f a c t s  must be recognized when relat ing the 
inherent  f e a t u r e s  of planned q u a l i t y  programs t o  
achieve space mission success with proper  management 
of q u a l i t y  cos t s :  

Both indus t ry  

0 The c o s t  of f a i l u r e s  i n  space missions i s  
measured i n  t e n s  and hundreds of mi l l i ons  of 
d o l l a r s .  

0 More important, the l o s s  of even one as t ronaut  
i n  manned space f l i g h t  i s  unacceptable.  

I n  o t h e r  words, q u a l i t y  e f f o r t  t o  prevent f a i l u r e  
i s  we l l  worth i t s  cos t ,  s ince it o f f e r s  almost un- 
l i m i t e d  p o t e n t i a l  f o r  avoiding much higher  and 
completely unacceptable cos ts  i n  terms of missions 
and human l i v e s .  



MANAGEMENT RESTRAINTS 

However, t h i s  does not mean t h a t  unl imited funds 
need be expended f o r  q u a l i t y  o r  f o r  r e l i a b i l i t y  e f f o r t .  
NASA in tends  t o  achieve t h e  highest  q u a l i t y  and r e -  
l i a b i l i t y  w i th in  t h e  necessary management r e s t r a i n t s  
which apply t o  t h e  e n t i r e  space program. An i n s i g h t  
i n t o  the  many f a c t o r s  which must be weighed and balanced 
by management i n  every f ace t  of space programs i s  con- 
tained. i n  t h e  following quota t ion  from Dr, Robert 
Seamans, Jr., NASA's Associate Administrator,  i n  h i s  
paper "Government and Industry"  i n  re ference  (I): 

"There a r e  t h r e e  var iab le  f a c t o r s  t h a t  must be 
continuously considered i n  t h e  management of our pro-  
grams; namely, performance, c o s t ,  and t ime.  It i s  
poss lb i e  t o  a r f z e t  any O I ~ P  of t h e s e  a t  t h e  expense of 
t h e  o the r s .  We make every e f f o r t  t o  a t t a i n  required 
performance wi th in  our budgetary a u t h o r i z a t i o n .  
must take  t h e  time t o  conceive, design, b u i l d  and t e s t  
experiments of exce l l en t  q u a l i t y  and high value.  We 
r e l a x  our t a r g e t  f l i g h t  da tes  grudgingly,  but we must 
recognize that  success i s  measured i n  terms of t h e  use- 
fu lness  of t h e  data received and t h a t  abor t ive  f l i g h t s  
provide l i t t l e  o r  no r e t u r n  and hence waste valuable  
resources .  

We 

I 1  

QUALITY RELATED TO COST CONTROL 

d i r e c t i o n  and implementation of q u a l i t y  system pro-  
cedures can provide t h e  necessary confidence of f l i g h t -  

e f f e c t i v e l y  managing q u a l i t y  c o s t s .  
worthiness for launch vehic les  and spacec ra f t  while 

T h i s  paper w i l l  d iscuss  some means whereby proper  

NASA's approach t o  q u a l i t y  recognizes t ha t  provid-  
ing  the  necessary degree of confidence i n  space f l i g h t  
hardware does cos t  more money than  similar e f f o r t  f o r  
e i t h e r  commercial o r  m i l i t a r y  weapons programs. How- 
ever,  cos t s  a r e  p re sen t ly  being incurred tha t  a r e  
higher than  necessary t o  achieve t h e  requi red  degree 
of confidence,  This  increment of c o s t  can be removed 
by: 

0 B e t t e r  management of q u a l i t y  assurance func t ions  
and p r a c t i c e s .  

e Applying q u a l i t y  assurance p r i n c i p l e s  t o  t h e  t o t a l  
job  and r e l a t i n g  t h e i r  a p p l i c a t i o n  t o  cos t  c o n t r o l .  
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The s p e c i f i c s  f o r  ac t ion  may become evident  by any 
of s e v e r a l  means: 

0 Resul t s  of a q u a l i t y  survey by NASA o r  on-s i te  

0 Resul t s  of s u p p l i e r ' s  aud i t  of h i s  own q u a l i t y  

Government agency ac t ing  f o r  NASA. 

system ( r e f e r  Sec t ion  15, NPC 200-2). 

0 Resul t s  of cos t  ana lys i s  o r  overhead survey by 
Government agency o r  by s u p p l i e r ' s  management. 

0 Indus t ry  s e l f  motivation t o  exe rc i se  i n i t i a t i v e  
t o  improve i t s  competitive p o s i t i o n .  

Regardless of the  stimulus, e ~ e r i e n r e  i nd ica t e s  
t ha t  higher  q u a l i t y  can be c o n s i s t e n t l y  achieved by 
knowledgeable and s k i l l f u l  management of q u a l i t y  e f f o r t s  
and by a p p l i c a t i o n  of q u a l i t y  assurance p r i n c i p l e s  t o  
t h e  task a t  hand. A t  t he  same time, q u a l i t y  c o s t  con- 
t r o l  should be ag res s ive ly  pursued by q u a l i t y  managers. 
I n i t i a t i v e ,  innovat ion and c r e a t i o n  i n  t h e  q u a l i t y  a r e a  
of cos t  con t ro l  w i l l  improve the q u a l i t y  p o s i t i o n  of 
both NASA con t r ac to r s  and NASA Centers w i th in  t h e  
prev ious ly  mentioned management c o n s t r a i n t s .  

CAUSES OF HIGH COSTS 

c o s t s  on NASA con t r ac t s  appear t o  ar ise  mainly from: 

\ 
'I Unreasonable, unnecessary, o r  u n j u s t i f i e d  q u a l i t y  \ _ _  

I 

a .  A LACK OF UNDERSTANDING of NPC 200 s e r i e s  and 
o the r  q u a l i t y  requirements. V i s i t s  t o  bo th  
primes-and subs revea ls  t ha t ,  although it i s  
known t h a t  t h e  200 s e r i e s  r equ i r e s  c a r e f u l  
reading and thoughtful  app l i ca t ion ,  r equ i r e -  
ments a re  sometimes e i t h e r  not read c a r e f u l l y  
enough f o r  understanding o r  i n s u f f i c i e n t  
thought i s  given t o  applying a given r equ i r e -  
ment t o  t he  s i t u a t i o n  a t  hand. Understanding 
comes from face-to-face sess ions  between pro-  
cur ing NASA i n s t a l l a t i o n s  and i t s  supp l i e r s  
(prime and sub) and between t h e  primes and 
t h e  subs.  (Note: Understanding i s  not 
d i r e c t i o n ;  NASA d i r e c t s  subs only through 
the  prime . )  

A w r i t t e n  q u a l i t y  system plan  i s  a primary instrument 
t o  ob ta in  understanding as fol lows:  

0 For t h e  Government agency a c t i n g  on behalf of 
NASA--a q u a l i t y  assurance p l an  i s  required,  per  
NPC 200-1A. 
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For t h e  space system con t rac to r  ( o r  major system 
subcont rac tor )  --a q u a l i t y  program p l a n  per  NPC 
200-2. Ear ly  understanding i s  f a c i l i t a t e d  by 
obta in ing  a prel iminary p l a n  w i t h  proposals  and 
nego t i a t ing  a detai led p lan .  

For t h e  s u p p l i e r  of mater ia l s ,  p a r t s ,  components 
and se rv ices  (below system l eve l ) - - an  in spec t ion  
p l a n  p e r  NPC 200-3. Here, submi t ta l  i s  opt iona l ;  
t he  p repa ra t ion  and use of a p l a n  i s  mandatory. 

More a t t e n t i o n  t o  q u a l i t y  plans i s  needed t o  ob ta in  
t h e  necessary understanding and a t  an e a r l i e r  po in t  i n  
t he  development process .  

A t  each l e v e l  o f  procurement, The system 
prime and the  procuring NASA i n s t a l l a t i o n  
s e l e c t  q u a l i t y  requirements p e r t i n e n t  t o  a 
given purchase.  A subcont rac tor  does not need 
nor should he be asked t o  respond t o  every 
q u a l i t y  requirement; only t o  those that  are 
app l i cab le  t o  the  work o r  a r t i c l e s  expected 
of him. 

A t  each l e v e l  of c r i t i c a l i t y .  This  may be 
aetermined by t h e  system des igner  using 
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  ana lys i s  
i n  a formal way, o r  by previous f l i g h t  
experience,  o r  sometimes by p u r e l y  i n t u i t i v e  
methods. It should be noted tha t  complete 
s imulat ion of a l l  space environments and 
opera t ing  times i n  space i s  sometimes n e i t h e r  
f e a s i b l e  nor p r a c t i c a l .  

0 A t  each l e v e l  of environment. Determining 
and def in ing  expected space environments re -  
qu i r e s  knowledge obtained from both con t r ac to r  
and. NASA experience obta inable  from t h e  pro-  
cur ing  NASA center  and from s c i e n t i f i c  and 
t echn ica l  r epor t s .  The l a t t e r  may be found 
abs t r ac t ed  and indexed i n  STAR* 

-means S c i e n t i f i c  & Technical Aerospace Reports, 
a comprehensive abs t r ac t ing  and indexing se rv ice  
published twice monthly. 
should be d i r e c t e d  t o  NASA, Off ice  of S c i e n t i f i c  and 
Technical Information, Washington, D.C. 20546. 

I n q u i r i e s  regarding STAR 
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c .  Lack of Trained Personnel For Source 
Inspec t ions .  Well t r a i n e d  personnel  (Govern- 
ment and con t r ac to r )  having broad knowledge 
can t r a n s f e r  many prevent ive q u a l i t y  assurance 
ac t ions  t o  t he  scene of subcont rac tor  oper- 
a t i o n s ,  where these  a c t i o n s  can be most e f f e c t -  
i v e  and economic. Inept  source in spec t ion  
personnel a r e  i n e f f e c t i v e ,  and can generate  
delays and unnecessary c o s t s  without i nc reas ing  
q u a l i t y .  

NASA conducts numerous q u a l i t y  assurance 
t r a i n i n g  courses f o r  i t s  own personnel and 
those of  o the r  Government a g e m i e s  who work 
on NASA contracts a t  s u p p l i e r  p l a n t s .  Proper 
zelzztiai and t r a i n i n g  of  source in spec t ion  
personnel i s  considered an important cos t  
con t ro l  measure and a q u a l i t y  improvement f a c t o r )  

It i s  important not t o  overlook the f a c t  t h a t  
ground support  equipment may have extremely high re- 
l i a b i l i t y  requirements, but GSE performance i s  achieved 
i n  the  l e s s  hazardous environment of ground o r  sh ip  
s t a t i o n s .  Some space f l i g h t  equipment may operate  
normally i n  a benign environment wi th in  spacec ra f t  ( a s  
w i th in  a manned spacec ra f t  where condi t ions  a r e  con- 
t r o l l e d  f o r  a s t ronau t  l i f e  suppor t ) ,  but must be able 
t o  operate  even during a f a i l u r e ,  such a s  l o s s  of cabin 
atmosphere. Misappl icat ion i n  e i t h e r  d i r e c t i o n  
adversely a f f e c t s  both q u a l i t y  and c o s t .  

1 

TEST & INSPECTION PLANNING 

On t h e  p o s i t i v e  s ide ,  b e t t e r  cos t  con t ro l  and hard 
savings can be achieved by comprehensive t e s t  and i n -  
spec t ion  planning, knowing t h a t  space f l i g h t  confidence 
r equ i r e s  l a r g e  amounts of t e s t i n g .  This  sub jec t  i s  
t r e a t e d  i n  NPC 200-2, i n  NPC 250-1 and, f o r  major systems, 
i n  i n t e g r a t e d  t e s t  p l an  requirements s p e l l e d  out i n  
con t r ac t  work s ta tements .  It i s  recognized t h a t  many 
d o l l a r s  go i n t o  var ious forms of t e s t i n g ,  sometimes 
without consider ing t h e  t e s t i n g  as pa r t  of  q u a l i t y  
assurance.  
Sec t ions  4 & 7 of NPC 200-2) apply t o  a l l  t e s t i n g .  
Whether o r  not t e s t i n g  i s  t r e a t e d  a s  an  a c t i v i t y  p e r  s e ,  
o r  a s  p a r t  of  a Q u a l i t y  Program Plan, i t  i s  a l a r g e  and 
c o s t l y  endeavor i n  space programs; it mer i t s  the 
a t t e n t i o n  of managers, engineers,  s t a t i s t i c i a n s ,  q u a l i t y  
assurance and r e l i a b i l i t y  personnel .  Features  of t e s t  
planning consider ing cos t  con t ro l  should include:  

Yet t h e  requirements f o r  t h e  l a t t e r  ( r e f e r  



0 Accurate and t imely  t o t a l  t e s t  program d e f i n i t i o n - -  
r e l a t e d  t o  a l l  t he  a r t i c l e s  and processes  involved 
a s  wel l  as end-use, c r i t i c a l i t y  br e f f e c t  on mission. 
E f f i c i e n t  use of t e s t  time w i t h  adequate t e s t i n g  
involves merrl-q t echn ica l  requirements w i t h  cos t  
and time cons ii2erations of  the o v e r a l l  program. 

Avoidance of duplication--Test requirements a r i s e  
from many performance and assurance requirements 
and by var lous organiza t iona l  o r  ope ra t iona l  
segments. The decis ion t o  use a v a i l a b l e  q u a l i f i -  
c a t i o n  data  obtained from o t h e r  programs and o t h e r  
supp l i e r s  L:: ;ezerved b y  XASA ( s e e  p a r .  4 .3  of 
HPC 2 0 0 - 2 ) .  
reducing tes-c cosL;s ~ i e e d s  t e  be pursued  zir?dful 
of both high t e s t  cos ts  i n  number of expensive 
samples ( e . g .  launch vehic les ,  spacec ra f t  o r  major 
systems the reo f ) ,  high f a c i l i t y  c o s t s  t o  s imulate  
space condi t ions and high t e s t  opera t ing  c o s t s  
( e .g . ,  t o  s imulate  s o l a r  r a q i a t i o n  i n  l a r g e  vacuum 
chambers may c o s t  thousands of d o l l a r s  p e r  day) .  

Enable mul t ip l e  use of t e s t  se tups ,  s p e c i a l  t e s t  
T a c i l i t i e s  and t e s t  programs. Q u a l i t y  engineers 
can arrange f o r  mult iple  t e s t  operat ions a t  t h e  
time of design reviews and t e s t  design.  Proper 
t iming t o  permit mult iple  use can r e s u l t  from 
t h e i r  p a r t i c i p a t i o n  i n  the  e a r l y  development 
phases.  

riu'nie'irer, the  p o s s i b i l i t y  of thereby 

0 Extending design proof t e s t i n g  o r  q u a l i f i c a t i o n  
t e s t i n g  a t  an t i c ipa t ed  system s t r e s s  l e v e l s  t o  
ove r s t r e s s  t e s t i n g ,  including d e s t r u c t i v e  t e s t i n g ,  
provides economy i n  the use of expensive samples. 
This  should be time-phased t o  permit use of e a r l y  
t e s t  r e s u l t s  t o  determine u l t ima te  q u a l i f i c a t i o n  
t e s t  l e v e l s  and number of samples. 

i n spec t ion  procedures t o  u t i l i z e  incremental  
knowledge gained by each f l i g h t .  This  includes r e -  
examination of ground t e s t  ob jec t ives  and d e t a i l e d  
procedures i n  the  l i g h t  of operat ions i n  space and 
a s  t h e  r e s u l t  of  pre-launch t roub les  and launch 
holds .  Some program managers consider  t h i s  a 
continuous task.  

0 Adjusting and r ev i s ing  t e s t  programs and t e s t  and 

0 B e t t e r  records and a s soc ia t ing  s p e c i f i c  t e s t  r e -  
s u l t s  with p a r t i c u l a r  p i eces  of hardware. This  
r equ i r e s  a r e a l i s t i c  determinat ion of document- 
a t i o n  requirements s o  t ha t  desired and u s e f u l  da ta  
i s  not only r e t a ined ,  but i s  a v a i l a b l e  t o  t h e  t e s t  
planner  and i s  used t o  guide t h e  t e s t  program. 
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Without good records,  adjustment of t e s t  programs 
o r  mul t ip le  use of t e s t s  i s  Impossible.  

. Proper apprec i a t ion  f o r  expected opera t ing  l i f e  
w i l l  in f luence  both  t h e  amount of t e s t i n g  and 
s t r e s s  l e v e l s  f o r  components expected t o - b e  flown, 
each having i t s  impact on q u a l i t y  confidence and 
d o l l a r s .  Obviously a n  e f f i c i e n t  program w i l l  
provide necessary p r e f l i g h t  confidence wi th  a 
maximum of use fu l  l i f e  remaining i n  f l i g h t  a r t i c l e s .  
Th i s  f a c t o r  alone can j u s t i f y  an i n t e g r a t e d  t e s t  
program. 

Consideration of s torage l i f e ,  f o r  i n t e r v a l s  i n -  
volved i n  ultimate asaembly, t e s t ,  checkout and 
launch UP apabL -----e --rr=+pmfi YJYr-. . - -  a s - w e l l  a s  requirements 
f o r  s torage  i n  t h e  space environment and subsequent 
a c t i v a t i o n  i n  space. The continued v a l i d i t y  of 
t e s t  r e s u l t s  t o  determine f l i g h t  worthiness i s  of 
prime concern; however, i f  t h e  r e s u l t s  of s torage  
can i n v a l i d a t e  t es t  r e s u l t s  f o r  such a conclusion, 
t h e  t e s t i n g  and the  sequence of t e s t i n g  should be 
jud ic ious ly  se l ec t ed .  Some s e a l s  and ma te r i a l s  
sub jec t  t o  cor ros ion  requi re  replacement a f t e r  
ground t e s t  o r  s torage,  and p r i o r  t o  space f l i g h t ;  
necessary r e v a l i d a t i o n  and r e t e s t  required a t  t h e  
launch s i t e  should inf luence du ra t ion  of previous 
t e s t s  i n  such cases .  

Symptoms of poor t e s t  planning include t e s t  f a i l -  
u res  excused away a s  t e s t  error, personnel e r r o r ,  t e s t  
s e t  -up e r r o r ;  inad.equate t e s t  procedures, inadequate 
s a f e t y  measures f o r  both personnel and equipment i n -  
volved; l a c k  of t e s t  c r i t e r i a ;  and i n s u f f i c i e n t  o r  
improperly s e l e c t e d  t e s t  equipment. A l l  o f  t hese  
f a c t o r s  a r e  e f f e c t i v e l y  t r e a t e d  i n  a good Q u a l i t y  
Program. 

APPLYING QUALITY DATA 

Spec i f i c  app l i ca t ions  of NASA q u a l i t y  assurance t o  
c o s t  con t ro l  can r e s u l t  from us ing  q u a l i t y  da t a  a s  r e -  
qu i r ed  by Sec t ion  14 of NPC 200-2, p a r t i c u l a r l y  when 
appl ied e a r l y  i n  t h e  procurement-to-use cyc le .  Q u a l i t y  
d a t a  should be used and f u l f i l l  a purpose; otherwise it 
should not be co l l ec t ed .  Presenta t ion  of q u a l i t y  da ta  
should be geared t o  serve t h e  u s e r  of t h e  da ta ,  t o  
f a c i l i t a t e  applying experience t o  cu r ren t  design, 
a p p l i c a t i o n  and s e l e c t i o n  of a r t i c l e s  as w e l l  a s  t o  
r e v i s e  or s t rengthen  q u a l i t y  con t ro l  e f f o r t .  
q u a l i t y  a t  l e s s  cos t  can r e s u l t  from rapid  use of da t a ,  
b e t t e r  s e l e c t i o n  of which d a t a  i s  t o  be recorded 
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( p a r t i c u l a r l y  va r i ab le s  data which i s  more c o s t l y  t o  
obta in ,  but a l s o  more u s e f u l )  and a g r e a t e r  pene t r a t ion  
of q u a l i t y  da t a  i n t o  a l l  operat ions a f f e c t i n g  c o s t .  
For example, s e l e c t e d  va r i ab le s  da t a  on c a l i b r a t i o n  i n -  
t e r v a l s  and instrument devia t ions  should be used i n  
purchasing t e s t  equipment as wel l  as t o  r e v i s e  t h e  f r e -  
quency of c a l i b r a t i o n s .  

F a i l u r e  and malfunction d a t a  from a l l  inspec t ion  
and t e s t  operat ions should quickly reach outs ide  
supp l i e r s ,  designers  and f a b r i c a t o r s  and a l so  the  q u a l i t y  
con t ro l  personnel immediately involved. Whether o r  not 
t h e  volume of da t a  j u s t i f i e s  automated processing, 
procedures should be designed t o  f a c i l i t a t e  response t o  
s-xh data, t h e r e h y  reducing c o s t  while improving q u a l i t y .  

For example, t he  coding used i n  a co r rec t ive  a c t i o n  
r epor t ing  system ( r e f e r  par. 14 .3  of NPC 200-2) can be 
designed t o  i d e n t i f y  quickly t h e  f a i l u r e  mode, t h e  cause 
of f a i l u r e  and t h e  co r rec t ive  a c t i o n  i n  the  language 
appl icable  t o  a c l a s s  of a r t i c l e s  ( e . g . ,  gyro, t ransducer ,  
or a c t u a t o r )  i n  l i e u  of using a standardized coding de- 
s igned f o r  a l l  a r t i c l e s .  Malfunction da ta  expressed i n  
the  language of t h e  user  w i l l  be used a s  intended. 
Personnel who r e p o r t  o r  analyze f a i l u r e s  w i l l  not waste 
e f f o r t  i n  t r y i n g  t o  fit  t h e i r  unique experience t o  a 
s tandard s i tua t ion-a  f r u s t r a t i o n  which can de fea t  a 
c o s t l y  and e l abora t e  co r rec t ive  a c t i o n  system. 

I f  da t a  i s  t imely,  p e r t i n e n t  and presented i n  a 
manner t o  f a c i l i t a t e  raDid use ,  i t  w i l l  be used and 
savings from applicatioin of experience w i l l  accrue w i t h -  
out need f o r  a u t h o r i t a r i a n  d i r e c t i o n  t o  t h e  people con- 
cerned. Furthermore, good da ta  r epor t ing  can a i s o  be 
designed t o  a l e r t  t o p  management ( t e c h n i c a l  and non- 
t e c h n i c a l )  on whether closed-loop co r rec t ive  a c t i o n  has 
r e s u l t e d  and whether such a c t i o n  i s  adequate. Both 
mission success and cos t  cont ro l  a r e  g r e a t l y  enhanced 
by designing co r rec t ive  a c t i o n  d a t a  systems f o r  dec is ion-  
making focused on preventing f u t u r e  f a i l u r e s .  

PRACTICAL RECORDS MANAGEMENT 

A p r a c t i c a l  cos t  cont ro l  idea  i s  the  t imely de- 
te rmina t ion  of which q u a l i t y  da t a  i s  t o  be provided 
w i t h  t h e  hardware del ivered t o  t h e  t e s t  o r  launch s i t e ,  
and which da ta  i s  t o  be re ta ined  by t h e  lower- t ie r  
s u p p l i e r  f o r  ana lys i s  and use upon reques t .  Data needed 
for launch o r  t e s t  s i t e  operat ions should be provided i n  
t h e  form and amount appropriate  t o  i t s  use.  Reference 
d a t a  can be economically re ta ined  and r e t r i eved  by 
e i t h e r  manual o r  automated methods, depending upon the  
volume and frequency of  use. 
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When selecting data to inform management of quality 
status, consider both the kinds of decisions to be made 

. at that particular management level and the impact that 
an informed management can have in motivating operating 
personnel. Quality data should be used both for decision 
making (e.g. teet program, acceptance, flight worthiness) 
and for measurling hcw well the quality program is 
functioning. 

METROLOGY 

Metrology costs are greatly affected by the ability 
to relate cali.bration intervals to required precision 
ana peraiues ~f s c t ~ l  ilse. Calibrating t o o  frequently 
increases the quantity of instruments and test equ ip -  
ment to be purchased and maintained. Proper management 
of the metrology function can result in dollar savings 
with appropriate precision. Economy comes from operat- 

serving all projects within a plant. 
cation of.' calibration standards increases cost; long 
calibration chains reduce maintenance of accuracy. In- 
struments not in active use should be removed from 
operating areas t o  permit valid extension of calibration 
intervals and avoid damage and resulting repairs. 

,ing this function on a plant or institutional basis 
Unnecessary dupli- 

FUNCTIONAL ASSIGNMENT OF TASKS 

Attention is invited to applying normal management 
iiqravenents that are not necessarily peculiar to 
quality operations. Reducing excessive layers of 
supervisory personnel produces hard savings and better 
work control. This has been demonstrated in both 
Government and industry quality control and inspection 
operations. Duplication of functions increases costs, 
makes improper use of personnel skills and lowers morale. 
Specific assignment of quality responsibility and extent 
of functional performance will eliminate any duplication 
caused by the possible overlap of quality and reliability 
operations. 

To avoid duplication of reliability and quality 
effort, authority or responsibility, apply Appendix E 
of NPC 250-1 as a starter, and. mix a knowledge of the 
most economical place for every required function with 
a knowledge of existing practices and recent hardware 
experience. Both NPC 200-2 and NPC 250-1 emphasize 
function and basic requirements without regard t o  
organizational nomenclature or mandatory supplier organ- 
izations. NPC 200-2 also requires that fabrication and 
inspection operations be identified with the personnel 
responsible, thereby setting the stage for motivating 
personnel, 
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MOTIVATION 

Before closing on the theme of NASA quality re- 
quirements and associated cost control, it is well to 
observe that all of the above involves action resulting 
from management direction in response to contract re- 
quirements. In addition, to achieve the necessary high 
quality at a c o s t  within reasonable budgets requires 
personnel to be not only trained but motivated. The 
value of motivation is high since it contributes much 
to high quality at small cost. The PERSHING program is 
reported to be the first to conclude that quality can 
be improved only so far by management direction; 
x t i v a t i o n  should provide the rest (see reference 3). 

NASA endorses contractor-developed plant-wide 
motivation programs. These may operate under various 
names (e.g. Zero Defects, Do Good Work, PRIDE and V I P ) .  
Motivation programs can be enhanced by use of the 
tremendous stimulus of the space challenge. 

b This route to quality recognizes that: 

motivated people can achieve the highest standards 
set by management, 

people can be motivated by recognition of the im- 
portance of their work and its contribution to the 
space program, which is exciting, difficult, and 
significantly involves our national resources. 

Information, motion pictures,* (such as "Manned 
Space Flight, 1964" shown here thia morning) and other 
ideas can be obtained by contacting the procuring NASA 
installation. For manned space flight, there is a 
Manned Space Flight Awareness Program, which formally 
generates motivation effort, including visits of 
astronauts to plants, making personal contacts with the 
people producing space hardware. The value of motivation 
efforts to improve quality was amply demonstrated in 
the MERCURY program, whose success has been attributed 
in great part to proper motivation of the many people 
involved. 

m t  of NASA films and sources can be obtained 
from NASA Headquarters, Code AFEE-3, Washington, D . C .  
20546. 
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4 The "DO Good Work" program, developed by General 
Dynamics Astronaut ics ,  was suggested by Astronaut 
V i r g i l  Grissom's o f t  repeated "do good work" reques t  
t o  a l l  persons concerned w i t h  t he  Atlas boos te r  so  
success fu l ly  employed i n  Pro jec t  MERCURY. This  moti- 
va t ion  program makes use of q u a l i t y  da t a  t o  i n d i c a t e  
q u a l i t y  improvement i n  cur ren t  space work. 

SUMMARY 

I n  summary, q u a l i t y  achievement and q u a l i t y  cos t  

I L - -  ---*---.lnnn n r q n c i p l e s .  

con t ro l  can be enhanced by applying good management t o  
q u a l i t y  e f f o r t  and by re levant  a p p l i c a t i o n  of  NASA 

and q u a l i t y  cos t  con t ro l  a re  ingredien ts  of space pro-  
gram success,  and thereby are  bui ld ing  blocks t o  na t iona l  
achievement of pre-eminence i n  space.  Profess iona l  
skills should be focused on b o t h  sub jec t s  i n  order  t h a t  
t h i s  na t ion  may enjoy t h e  f u l l e s t  b e n e f i t s  of space 
l eade r sh ip .  

Both q u a l i t y  achievement r- quail by as Y uI c * ~ ~ ~ ~  
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