
American Society for-Engbieering Education 

Annual ~ ' i z e t i n d  June 19-22, 1967 

Michigan Stzt 

SATURN HlSTClRY DOCUMENT 
University of C!ak,fin;, i?,,;:G;c!, lnr?itute 

klistory of Scie!:ce C; Technology Group 

Date ---------- Doc. No. -----.-- 

1 aast b . n ~ i n g :  Michigan 

Charles C . Davenport 
Manager, Rel i zb i l i t y  
Rocke tdJ?:e 
D i v i s i o ~  of North Amerlcan Aviation, Inc. 
Canoga Park, California 

Abstract 

The need fcr high r e l t a b i l i t y  and great care i n  nodern engineering 

i s  s t resse2.  Disciplines t o  eliminate or  decrease errors are 

described. College courses shoulz i n t e r w e a x  t h i s  a2proach i n t o  

study proJects. 



bETICULOUS ENGIIlEf3RING 

C. C. Davenport 

College must cram a l o t  of bas ic  information i n t o  students,  teach 

them t o  think - creat ively ,  and here I nra asking ttla-t "meticuloils 

care " disc ip l ines  be added. 

Zn c o l l e ~ e  I'd mlke a r e a l  e f f o r t  t o  do t h e  work cor rec t ly  - b u t  

then t o  Gave tiine, tu rn  it i n  f o r  the  Professor t o  check. If some- 

th ing  had been overlcoked I ' d  philosophically take t he  I3 insteact of A. 

men I s t a r t e d  i n  industry  it was a real J o l t  t o  f i n d  t h a t  on much 

aore involved problems my supervisor required t h a t  it be r i gh t ;  he 

did  not have time t o  check it. And now as manager of r e l i a b i l i t y  

it i s  a f ~ r t h e r  shock t o  r ea l i z e  t h a t  the  conslex equipment f o r  

space t r z v e l  requires  g r ea t l y  increased r e l i a b i l i t y  and accuracy. 

A large,  complex coqonent  of a space vehicle,  such as a rocket  engine, 

must hava r e l i a b i l i t y  approaching .999. Rocket engine conponents 

therefore  must have r e l i a b i l i t y  of t he  order of s i x  9's. Is t h i s  

possible? The ansvcr , i s  yes, we hcve eccoxplished t h i s .  Our rocket 



engine r e l i a b i l i t y  i n  space t r ave l  t h i s  decade i s  .997, end the  

sreenesses experienced did not cause a mission f a i lu re .  We did not - 
achieve t h i s  record by asking people, "Flease be careful.  " We follo-v 

discipl ines  t o  assure t h a t  the work was done carefully. 

Rel iab i l i ty  can be affected by Design, Eanufacturing, and Use, an8 

only be these. Everyone e l se  who wants t o  contribute must do so by 

influencing %hese areas. Discussion here w i l l  be r e s t r i c t ed  t o  the 

design area. 

Certainly new designs w i l l  i n t r ~ d u c e  new problens t h a t  must be care- 

f u l l y  reviewed. But nost of the problems w i l l  be repet i t ions of 

previous experiences t h a t  could hzve been eliminated by extrerr,e care. 

So strong e f fo r t s  a re  niade t o  gather t h i s  experience, make it avai l -  

able fo r  use, then t o  s e t  up discipl ines  t o  assure t h a t  it i s  used. 

The Experience Retention we are  concerned with here is not 'oasic - 
science, but  homilies such as "we. once did th i s ,  with these resul ts" ,  

including the influence of "people actions". 

Nuch of the technical society, A i r  Force, NASA, Technology Util ization, 

etc. ,  p ~ b l i c a t i o n s  a re  concer~ed with basic  science and i t s  use; 

although often "exsefience retention honilies" can be gleaned from 

them. 



The "Case Studies" D r .  Bollay is  advocating nake excellent 

vehicle fo r  such experience retention, as v e l l  as fo r  mzthods of 

application of sc i en t i f i c  information. 

I n  industry much of Ynis is  Lncl~ded i n  reports, check lists,  Ii3M 

tapes, e tc .  The use of standard par t s  (bol ts  t o  t rzns is tors ) ,  and 

standard procedures (metallurgical t o  cleaning), is  z way t o   void 

repeating mistakes. 

Failure Node and Effect  Analysis is  a disciplined way t o  consider 

every   ode of ~rezikness t\st can be foreseen, t race  it through t o  

i t s  e f fec t  on the operation of the comno~ent, then the system, and 

f i n a l l y  i t s  e f fec t  upon hission success. A l l  past  data  on s imilar  

hardwzre perforrrance, coll-ected and used i n  eliminating previous 

pro'ole~s,  t'fien stored on IBbl  tapes, i s  searched and used t o  

evaluate the chance of such f a i l w e  modes occurring. Such s tudies  

indicate where e f fo r t s  slloul-d be made t o  eliminate potelltfal f a i lu re  

modes, or  t o  reduce t h e i r  seriou.sness i f  they do occur. 

Design Reviews, with s?ec ia l i s l s  from design, s t r e s s ,  materials, 

q m l i t y  control, mmufa-cturing, chaired by r e l i a b i l i t y ,  thoroughly 

review drai~ings ar:d specifications t o  assure t h a t  the design require- 

ments ( i n c l u d ~ n ~  irrterface and environment) are well understood, and 



t h a t  Failure Effect  Analysis, t rade studies,  and pas t  ex2erience 

have been incorporated i n t o  the design. Pzr t icu la r  a t ten t ion  i s  

giver, t o  the  human element i n  building and using the equipnent. 

We nust  repeal  W p h y 1 s  Lsw which says t'nat i f  something can 'be 

done wrong - it w i l l  be. If it is possible t o  put i n  a turbine 

\;heel backwards, sometixe it w i l l  be put i n  backwards - and not 

detected till t'ne engine i s  run. Tne design must be such t h a t  

people cannot do it wrong - it must be goof-proof., 

It is  arna2ir.g how may errors can be caught and e l in ina ted  i n  the 

or ig ina l  design (e . g . ,  an assembly f i a t  required a 5 foot wrench 

t o  t ighten,  and no way t o  hold i t ) .  But s t i l l  more can be a-?d 

must be done, do:m t o  very minor de t a i l .  The nost recent example 

of one t h a t  was missed g a s  a small screw used i n  two places, but 

one passzd through a thicker piece so  t h a t  it d id  not f i l l y  engage 

the Locking device. The component passed laboratory vibrat ion 

t e s t s ,  and operated on the  engine f o r  hundreds of t e s t s .  After 

th ree  years of use one screw f e l l  ogt. I f  t h i s  occurred i n  f l i g h t  

it could e a s i l y  cause a disastrous short  i n  surrounding e lec t ron ic  

circu-its. 

It would be ins t ruc t ive  i f  students could o'oserve the  IQX5A and 

Contractor e f f o r t s  from o r ig ina l  concept, through the controls 

nentioned above, t o  the f i n a l  reviews by top  rnzxige~ent, probing 



i n t o  a l l  areas t o  assure t h a t  proper preventative measures have 

been taken on a l l  weaknesses t h a t  can, o r  hzve been found. I n  

a recent  review, a s  an exarqle, it was revealed t h a t  a sub- 

contractor of a valve had gone broke. A top NASA o f f i c i a l  

wanted t o  knvd what had been done t o  see t h a t  the  new company 

t h a t  wou1.d supply t h i s  vzlve hired the key workmen of the  old 

conpany ( i n  addition, of course, t o  usual inspections and 

acceptance t e s t s ) .  

A final point t o  make i s  that no engineer can e.ccomplish these 

r e su l t s  by h i m e l f .  He uses the experience of mzny spec i a l i s t s ,  

of-tea working i n  s n a l l  teams, i n  group ~ e e t i n g s ,  a d  interfaces  

with nzinagement and the customer. Training i n  working with, and 

ge t t i cg  the m ~ s t  from other people is necessary t o  be effect ive.  

College courses and teaching have so changed since m y  time t h a t  

I a m  not qual i f ied t o  recommend d e t a i l  i m ~ r o v e ~ e n t s .  I can Jus t  

c a l l  t o  your a t ten t ion  t h i s  requireinent of "meticulous 

engineering" t h a t  perhaps should receive more emphasis i n  

college t ra ining,  and leave it up t o  you t o  work out teaching 

techniqaes. For exaxple, the case s tudies  advocated by D r .  Bollay 

could e a s i l y  include a t ten t ion  t o  such de t a i l .  



Many schools have a group pro jec t  t h a t  provides the  "working 

with people" atmosphere a s  wel l  as  t echn ica l  problem solving. 

Direct  spec i a l  e f f o r t  t o  thoroughness i n  d e t a i l s  t h a t  o thervise  

could e a s i l y  be overlooked. Have the  c l a s s  study how industry  

does it, then hold a formal design review. 

Such e f f o r t s  a re  not  a s  glamorous as  creat ive  thinking i n  tech- 

n i c a l  f i e l d s ,  bu t  high r e l i a b i l i t y  of conplex systems ce r t a in ly  

v i l l  be a requirement i n  future p ro jec t s .  It w i l l  be necessary 

t h a t  we heed the  zihonit ion:  "Do your work l i k e  porcupines 

make love -- very careful ly ."  


