
1 "SIMPLE MINDEDt' ENGINEERING - 1958 

In  January 1957, a write-up t i t l e d  "Simple Minded Engineering" was 
issued with  l imi ted d i s t r i b u t i o n .  What has been accomplished i n  
t h i s  f i e l d  over the  pas t  year? This write-up i s  being presented 
a s  a general  appra i sa l  of one u n i t ' s  (Drive Mechanism) e f f o r t  i n  
1957, For b rev i ty ,  a l l  the  jobs i n  t h i s  u n i t  w i l l  not  be covered. 
The o r i g i n a l  write-up w i l l  be repeated with app ra i sa l  comments 
following each por t ion of Item 11, The o r i g i n a l  write-up w i l l  be 
indicated by a v e r t i c a l  l i n e  i n  the  margin. 

How can G.E, be competitive i n  the  atomic power equipment f i e l d  i n  
general  and the  cont ro l  d r ive  mechanism engineering f i e l d  i n  
p a r t i c u l a r ?  

To be competitive we must surpass competition i n  value given t o  
the  customer. Value cons i s t s  of the  proper equipment t o  perform 
the  function the  customer requi res  - a t  the  time, the  c o s t ,  and a t  
the  qua l i t y  l e v e l  he r equ i r e s ,  

Are we o f f e r ing  the  customer good value? NO! This i s  the  hea r t  
of our problem. Most of our design ehgineers and a t  l e a s t  some of 
our supervisors w i l l  say "yes" because we a r e  giving the  customer 
more than he needs t o  perform the  required "function" - our f i t s  
a r e  superb, our f i n i s h e s  a r e  r e a l l y  smooth, our p a r t s  w i l l  l a s t  
fo rever ,  we design I t G , E .  qua l i t y t t  i n t o  i t .  Actually we a r e  giving 
him poor value - we a r e  making him pay f o r  th ings  t h a t  have no 
value.  He i s  not  only paying f o r  them, but  he has t o  wai t  t o  ge t  
them. He w i l l  do business wi th  us  only as long as no one e l s e  o f f e r s  
him higher value ,  

I. Why a r e  we designing th ings  t h i s  way? 

A ,  We d e f i n i t e l y  lack experience and t r a in ing  along "simple- 
minded" engineering l i n e s ,  This r e s u l t s  i n :  

Lack of understanding the  "value-functiontt concept. 

- 2.  Fai lure  t o  r e a l i z e  t h a t  o f t en  a d o l l a r  spent i n  
engineering saves ten  d o l l a r  s i n  manuf ac t u r  i n e  . 

l r c  h- 
" 3 .  Fai lure  t o  u t i l i z e  G , E .  S p e c i a l i s t s .  211 /5Y b0cj) 

~ y 4 .  Fai lure  t o  u t i l i z e  s p e c i a l i t y  vendors, 
- G L  
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Failure to utilize draftsmen at maximum efficiency. 

Failure of individuals to properly organize their 
efforts. 

Engineering tendency to develop forever but never 
produce. 

Lack of training in creative engineering. 
c. ' 

Misunderstanding of emphasis on cost and schedules. 
a ~ r f ~ ( ? >  6 0 b  

Overconcern about and trying to do manufacturing' s , 
purchasing's, etc, job. 

"Too much red tape" attitude. 

Use of negative approach, road blocks. 
riirT(l5 

Failure to realize that even the low quantity or proto- 
type items are costing up to double what they are 
worth. 

Cost figures (estimates and actual) are not being given to 
individuals . 
No general investigation program. 

Insufficient engineering assistant, technical specialist, 
and drafting personnel. 

No standard drafting practices, 

No model shop. 

11. What does all of this mean and what can be done about it? 

A .  Engineering personnel has been accumulated from a large 
number of locations. The majority have come from G.E.L., 
A&O or similar locations that have not developed many 
"simple-minded" engineers . What is a "simple-minded'' 
engineer? He's a person who will make one simple part 
replace two parts, or if the occasion warrants, will make 
two simple parts replace one complicated part. He will 
open up tolerances as much as possible. He will eliminate 
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p a r t s  t h a t  have no requ i red  func t ion .  The l i f e  of h i s  
des ign w i l l  be only s u f f i c i e n t  n o t  excess ive .  H e  w i l l  u se  
stampings, c a s t i n g s ,  fo rg ings ,  and machined p a r t s  where 
each i s  most economical. He w i l l  r ep lace  pol ished sur faces  
w i th  rough su r f ace s .  H e  w i l l  u se  s tandard p a r t s  r a t h e r  
than s p e c i a l  p a r t s .  He w i l l  cons ider  appearance of  t h e  
f i n i shed  product .  H e  w i l l  c u t  t he  c o s t  of  any p resen t  
APED designed product by 30 t o  50% whether t h e  quan t i t y  
i s  one o r  one hundred. 

A year  ago i t  w a s  very d i f f i c u l t  t o  f i n d  a c a s t i n g  
i n  any des ign whi le  welding was used "everywl.\ereV. 
A t  t h e  p resen t  t ime,  the  percentage of 'lhog-outs" 
and weldments have been reduced appreciably  while  t he  
percentage o f  c a s t i n g s  have been increased.  The 
number of  p a r t s  have been reduced apprec iab ly .  For 
example, quan t i t y  of p a r t s  on GETR d r i v e s  compared t o  
p a r t s  on the  ETR d r i v e s  have been reduced by approxi-  
mately 30%. F in i shes  have been "roughened" by one t o  
two s t e p s .  Drives have been "cleaned-up" and uniformly 
painted  f o r  improved appearance. Tolerances have been 
opened up by 50 t o  100%. Approximately 100% standard 
hardware i s  now being used.  The number of tapped 
ho les  has  been c u t  by 75%. 

How about  t h i s  30 t o  50% reduct ion i n  c o s t s ?  L e t ' s  
t ake  four  examples: 

1. Open pool r e a c t o r  - 

"Spanish Design" $2,700 Shop c o s t l d r i v e  

"Venezuela Design" $1,700 

Reduction $1,000 per  d r i v e  

To accomplish t h i s  savings ,  it was necessary t o  
spend $9,000 i n  eng ineer ing ,  Therefore,  t o  show a 
n e t  savings it i s  necessary  t o  w r i t e  o f f  t he  
engineer ing over t h e  f i r s t  two l o t s  of  d r i v e s  (12) 
which a r e  now being made. This  w r i t e  o f f  i s  f a s t e r  
when a l l  t he  ''adders" a r e  considered.  Addi t ional  
d r i v e s  a r e  contemplated. 
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Ebasco - (12.5 MW Power P lan t  - Standard) 

A recen t  cos t  es t imate  shows a shop c o s t  of 
$8,500 each. A s  a r e s u l t  of "simple minded1' 
engineering,  present  es t imates  ind ica te  t h i s  c o s t  
should be $3,800 each. A reduction of 55%. This 
was accomplished without added engineering expense. 

G .E .T .R .  - 

A t  the  beginning of t h i s  program, Drive Mechanisms 
was to ld  no engineering money w a s  ava i l ab l e  - use 
ETR design a s  i s .  The ETR design looked cos t ly  so 
Drive Mechanisms got  together wi th  manufacturing 
and worked ou t  a program which indicated t h a t  by 
spending an e x t r a  $5,036 i n  engineering the  shop 
c o s t  f o r  the  d r ives  could be reduced from $66,171 
t o  $52,661 f o r  a reduction of $13,510 ( fo r  7 d r i v e s ) .  
This s to ry  w a s  presented t o  Pro jec t  Management who 
i n  t u rn  authorized Engineering t o  proceed with  the  
redesign.  When a l l  adders a r e  considered and the  
engineering c o s t  subtracted,  a n e t  savings of $11,350 
o r  10% r e s u l t s .  It now appears t h a t  t h i s  estimated 
savings i s  very conservat ive .  Engineering ac tua l ly  
spent  approximately $4,200 r a t h e r  than $5,000 i n  
redesign.  

3 

Dresden - 

There have been many es t imates  made f o r  these d r ives .  
The w g h e s t  es t imate  Drive Mechanisms has heard i s  
$25,000 each shop c o s t .  Estimates now being made 
from the  planning ind ica te  a cos t  of $3!600 each - 
a reduction of $21,600 each o r  86%. For the  
80 dr ives  t o  be used on the  r eac to r ,  t h i s  gives a 
savings of $1,728,000. The previous "low" es t imate  
would have given a savings of 50%. This savings 
has been accomplished without increases  i n  engineer- 
ing a l l oca t ions .  

A l l  of these savings have been accomplished without 
"cheapening" the  product.  A s  a mat ter  of f a c t ,  i n  a l l  
cases  the  products have been improved i n  such things  
as s impl ic i ty ,  r e l i a b i l i t y ,  ease  of maintenance, ease 
of manufacture, and appearance. The s impl i f ica t ions  
have a l s o  helped t o  "meet schedule". 
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What a dreamer! How i s  he going t o  accomplish t h i s ?  

He w i l l  use the  t 'value-funct,ion" concept automat ica l ly  due 
t o  t r a i n i n g  and exper ience .  He cons tan t ly  asks  himself - 
i s  the  func t ion  of t h i s  gadget worth it,s cos t , ,  does t he  
customer r equ i r e  the  func t ion  i t  performs, can i t  be made 
i n  the  time r equ i r ed ,  what e l s e  w i l l  do the  job f o r  less, 
a m  I t r y i n g  t o  pu t  too  much "qua l i ty t '  i n t o  i t ,  and can it 
be e l iminated  completely? I f  these  o r  s im i l a r  ques t ions  
a r e  n o t  cons tan t ly  asked and re-asked,  any engineer  w i l l  
make a design t h a t  i s  excess ively  high i n  c o s t  and time t o  
manufacture . 

The r e s u l t s  given above cover t h i s  i tem. 

He w i l l  cons tan t ly  measure time and money expended i n  
engineer ing t o  make sure  t h a t  it i s  more than o f f s e t  by &ime 
and money saved i n  manufacture when he i s  cons ide rmg  
redes igning f o r  " s impl ic i ty" .  Quanti ty t o  be produced i s  
c a r e f u l l y  considered he re .  

This has  been done i n  each case .  

He w i l l  u t , i l i z e  G . E .  s p e c i a l i s t s  whenever poss ib le  r a t h e r  
than t r y i n g  t o  be an exper t  i n  a l l  f i e l d s .  He r e l i e s  
heavi ly  on manufacturing, engineer ing,  purchasing,  ma t e r i a l s  
s p e c i a l i s t s ,  c a s t i n g  spec ia1 , i s t s  and many o the r s .  Th i s  
does no t  mean becoming a "yes man". 

A l l  programs now being done i n  Drive Mechanisms a r e  
reviewed wi th  manufacturing people and o the r  
engineers  dur ing layout  and p r i o r  t o  r e l e a s e  of  
d e t a i l s .  

H e  w i l l  u se  s p e c i a l i t y  vendors t o  design and supply sp r i ngs ,  
so leno ids ,  switches,  bea r ings ,  c a s t i n g s ,  stampings, and 
o the r  s p e c i a l i t y  i tems.  

This  i s  being done - p a r t i c u l a r l y  i n  the  f i e l d s  of 
gear ing and c a s t i n g .  It can stand more emphasis 
i n  o the r  f i e l d s .  
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He w i l l  have draftsmen do a s  much of the  design job a s  
poss ib le .  He w i l l  not  have a designer doing d e t a i l  work - 
while design work i s  no t  being done. He w i l l  he lp  t r a i n  
draftsmen i n  the  " a r t  of s impl ic i ty1 ' ,  

This has been done some but  much more remains 
t o  be done. 

He w i l l  organize h i s  own time t o  make sure t h a t  a l l  d e t a i l s  
a r e  accomplished. He  w i l l  a l l o c a t e  h i s  time between: 

Design, t e s t ,  and "debug". 

Production engineering 

(1) c o s t  reduction 
(2)  qua l i t y  improvement 
(3)  f ac to ty  a id  (He w i l l  r e a l i z e  t h a t  t h i s  cannot 

be done while s i t t i n g  a t  a desk. He w i l l  "get h i s  
hands d i r ty" )  . 

Customer r e l a t i o n s .  

Requisi t ion work 

(1) scheduling 
(2)  cos t ing  
(3)  engineering i n s t r u c t i o n ,  e t c .  

Coordination and communication with  management. 

Training 

Cost con t ro l  

C l e r i c a l  

Supervising 

the  case of supervisors o r  managers they w i l l  a l l o c a t e  
the  e f f o r t  f o r  the  whole group a s  well  a s  having each 
individual  a l l o c a t e  h i s  own t ime) .  

The biggest  improvement noted i n  t h i s  ares has been 
i n  production engineering,  The next  b iggest  has 
been i n  scheduling and cos t ing ,  Time spent i n  . 
t r a i n i n g  i n  Value Analysis has been very p r o f i t a b l e .  
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A-'7. He will realize that although he would like to ttdevelop'l 
something forever, it is not economically feasible. The 
money for development comes from selling the results of 
development. 

This has been no problem - no one has had time 
to develop things at all much less "forevertt. 
At the present time, it would be very desirable 
(if not absolutely necessary) to inaugurate 
some Advance Engineering Programs to develop 
some "feasibility proven" designs for incorporation 
in future product designs. Would it be appropri- 
ate to obtain a percentage of the above savings 
to ''plow back" into advance engineering? 

A-8. He will use the "Creative Engineering Approach" to design 
problems. He will take time in the beginning to really 
understand the problem before trying to solve it. He will 
think of eight or more possible solutions before he starts 
work on any. He will get ideas from others. He will 
constantly "back-off" and look at the overall problem 
rather than constantly concentrating on details. He will 
design by comparison, e.g., if he needs a snap action, he 
will consider using a mouse trap principle rather than 
coming up with a complicated self-designed principle that 
requires much "debugging". 

Individuals have been getting ideas from others by 
layout reviews, etc., as mentioned elsewhere. 
Although there has been considerable "design by 
comparison", more is warranted, 

A -  He will use costs and schedules as a tool to help him 
accomplish his job rather than considering it a curse to 
be ignored while he enjoys himself until the last minute 
at which time he rushes through a lot of drawings without 
proper layouts, thought, calculations, and checking in 
an effort to get a "gold star" for meeting a schedule - 
the purpose of which he has never understood or appreciated. 
He will use schedules to aid in organizing his work as 
discussed in I1 A-6 above. 
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The making and adherance t o  schedules has improved. 
Schedules could be made i n  more d e t a i l s  t o  g ive  a 
b e t t e r  a l l o c a t i o n  of t i m e  t o  va r ious  po r t i ons  of 
an  i n d i v i d u a l ' s  job ,  and t o  a i d  i n  t he  p repara t ion  
o f  e s t ima t e s ,  

A-LO H e  w i l l  no t  waste time worrying about  purchasing,  manu- 
f a c t u r i n g ,  and o t h e r  func t ion  jobs ,  He d e f i n i t e l y  w i l l  
n o t  do t h e i r  job f o r  them. (He w i l l  undoubtedly "louse i t  
up" worse than they do r ega rd l e s s  of  what he th inks  about 
t h e i r  a b i l i t y .  He a l s o  would no t  accomplish h i s  own job ) .  
He w i l l ,  however, be ready t o  lend a i d  o r  "do b a t t l e "  when 
t h e  occasion a r i s e s .  

This  a r e a  shows improvement, This  has been brought 
about by working more c l o s e l y  wi th  personnel  from 
the  o the r  func t ions .  

I A d 1  He w i l l  cons ider  "red tape" d e t a i l s  i n  the  same way he 
cons ide rs  schedules.  I f  he i s  t r u l y  convinced i t  i s  j u s t  
r ed  t a p e ,  he w i l l  suggest  changes. 

I n  gene ra l ,  t h e  c r i t i c i s m  of "red tape'' has  been 
cons t ruc t i ve .  An e f f o r t  has been made t o  use  
procedures a s  they e x i s t ,  bu t  t o  c r i t i c i z e  them 
when it appears  appropr ia te  . 

A4L2 He w i l l  t ake  a p o s i t i v e  approach t o  h i s  problems r a t h e r  
than a r b i t r a r i l y  us ing   roadblock^'^, such a s :  the  quan t i t y  
i s n ' t  l a r g e  enough, it won't  work, we c a n ' t  pay f o r  the  
t o o l s ,  we t r i e d  t h a t  be fore ,  we haven ' t  had a f a i l u r e  so 
d o n ' t  change i t ,  i t ' s  no t  G . E ,  q u a l i t y ,  t h e r e ' s  no o the r  
source of  supply,  c o s t  i s  no t  important  - j u s t  g e t  i f  o u t  
the  back door,  we c a n ' t  h e lp  it - i t ' s  po l i cy ,  we d o n ' t  
have enough time o r  money. Another roadblock t h a t  warrants  
s p e c i a l  a t t e n t i o n  i s  - "it w i l l  never g e t  by safeguards1' .  
This  i s  probably the  most used roadblock i n  APED. It  
must no t  be used i n  f e a r  o r  a s  a cover-up f o r  l a z i n e s s  o r  
ignorance. J u s t  a s  o the r  departments have as t h e i r  
f a v o r i t e s  - Underwriters o r  Amy Ordnance, APED has  
Safeguards,  

Roadblocks have been minimized, "Safeguards" 
has  been used a s  an excuse very seldom. 
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He will realize that if he can save 30 to 50% of cost 
(with due regard for all costs including his own) that it 
is worthwhile. A quarter million dollars saved on several 
low quantity items is worth as much as a quarter million 
dollars saved on a high quantity item. 

-e 
\ 

Comments regarding this were made above. 
/ -  4 
\ 

In order to make an engineer value and cost conscious, 2 ! 
costs must be "brought home" to him, If a part or assembly % -N 

fails in test, he is very aware of the situation. If a + 4 1  
part or assembly costs too much, he may or may not even \ . \  

'A hear about it until too late. He should receive breqkdowns,, 2 j 
\ 

of estimated costs and actual costs. ,, SI 
b $ 

This has been difficult to accomplish. New 
procedures Finance is now planning will aid in this 
area. 

A general investigation program as now being planned should 
be initiated. Many of the problems (and roadblocks) on 
such things as materials, tolerances, and finishes are by- 
passed because no tests have been run to convince the 
''doubting Thomas ' st' that a design which is probably "good 
for a million strokes" is not required for "5,000 strokes". 

This program has not reached an optimum magnitude, 
but the results obtained to date are very beneficial. 

By using more engineering assistants, technical specialists, 
and draftsmen, the engineers could be relieved of approxi- 
mately 20% of their load, This would also require training 
the engineers for this type of operation. It also improves 
efficiency and morale by relieving engineers of work they 
begrudgingly do, if they do it at all, 

Assistance of this type is being utilized to a 
large extent. If more was available, it could be 
used advantageously, 

A carefully considered drafting practice can go a long way 
to improve the quality (number of errors) in our drawings. 
It would also reduce manufacturing cost and delays by 
permitting more rapid and accurate interpretation of 
drawings. 
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Draf t ing p rac t i ce  has made d e f i n i t e  improvements 
i n  the  pas t  year and i s  continuing t o  improve 
regula r ly .  

3 .  A model shop organized t o  give engineers an opportunity 
t o  have samples made with  a minimum of "red tape" and 
l o s t  time would r e s u l t  i n  engineers having more sample 
components made p r i o r  t o  r e l ea se  of drawings f o r  e i t h e r  
prototype o r  production machining. This ,  of course,  would 
a l s o  requi re  adequate t e s t  f a c i l i t i e s .  

Although a model shop as such has no t  been 
organized, it i s  e a s i e r  now than it was  a year ago 
t o  ge t  samples fabr ica ted .  There i s  more component 
t e s t i n g  done now, bu t  s t i l l  more should be done. 

How can we  g e t  the  show on the  road? 

It i s  obvious t h a t  t r a i n i n g  i s  the  main requirement a t  t h i s  
time. The type of job t o  be done i s  s h i f t i n g  from research 
and development t o  p l a i n  business competition. I n  general ,  
the  work t o  be done by the  same personnel (managerial, 
supervisory,  and individual)  t h a t  d id  the  research and develop- 
ment. To successful ly  do t h i s ,  these people must be t ra ined  
t o  do a d i f f e r e n t  type of work. The atomic and nuclear 
glamour must be removed and replaced with  hard and cold hard- 
ware. The emphasis on in t r i gu ing  physics must be separated 
from the  nu t  and b o l t  problems. This t r a i n i n g  should be done 
both formally and informally.  The formal should include d i s -  
cuss ions  on value,  funct ion,  cos t  and o ther  sub jec t s  covered 
above as wel l  a s  d iscuss ions  on business economics and ove ra l l  
APED organiza t ion .  The informal would be by d a i l y  individual  
con tac t s  and design review meetings. The f i r s t  ob jec t ive  of 
t h i s  t r a i n i n g  program should be t o  bu i ld  up a des i r e  i n  the  
ind iv idua ls  t o  have APED become competitive i n  a business  
sense. The o v e r a l l  t r a i n i n g  program should include supervisory 
and some managerial personnel a s  wel l  a s  ind iv idua ls .  It has 
been proven d i sa s t rous  t o  have ind iv idua ls  very en thus i a s t i c  
about doing something when t h e i r  supervisors  and managers a r e  
no t  f ami l i a r  wi th  what i s  going on. 
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Organization charts and description should clearly show the 
relative authority and responsibility between physics, 
advance engineering, product engineering, and other such 
groups. In the selection of new personnel and appointments, 
the type of job to be done in the future should be considered. 

Beware of the attitude that all of these problems will be 
automatically solved by the "passing of timet'. "Time will 
tellvt how successful we have been in our efforts to solve our 
problems, but there is no magical property of time that will 
solve our problems for us. 

This discussion should not be construed as a blessing on all 
functions except engineering. However, before we start ex- 
cessive complaints about not being able to get manufacturing 
cost estimates accurate within f loo%, insufficient information 
about vendors, etc. , let's try to get our own house in order. 

This all sounds like Drive Mechanisms has done a 
very good job in the past year, but when you 
consider the remaining potential - it is only the 
beginning. 

How have other units progressed in the past year? 
That's up to each unit to determine. 

R .  R. Hobson 
Value Analysis Counselor 
Control & Instrumentation Eng'g. 

February 6, 1958 

P.S. It should be noted that the progress made by 
Drive Mechanisms in the past year is largely due 
to the assistance from other functions, such as: 
Equipment Manufacturing and 5rom other engineering 
groups. This, in turn, is to the credit, not dis- -- 
credit, to those in Drive Mechanisms. 




