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Mr.  W i l l i a m  B. B e r g e n ,  Vice  P r e s i d e n t  of O p e r a t i o n s  of The  
G l e n n  L. M a r t i n  C o m p a n y ,  was b o r n  at F l o r a l  P a r k ,  Long  I s l and ,  
New York ,  29 M a r c h  1915. He is a g r a d u a t e  of the  M a s s a c h u s e t t s  
Ins t i t u t e  of  T e c h n o l o g y  and began  his  b u s i n e s s  c a r e e r  in 1937 when  he 
j o i n e d  The G lenn  L. M a r t i n  C o m p a n y .  In 1939 he  was a p p o i n t e d  as 
ch ie f ,  v i b r a t i o n s  e n g i n e e r  and  l a t e r  a s s u m e d  the du t ies  of ch ie f ,  f l ight  
t e s t  e n g i n e e r .  In 1945 he was appo in t ed  ch ie f ,  p i l o t l e s s  a i r c r a f t  to 
i n i t i a t e  and d i r e c t  the  M a r t i n  gu ided  m i s s i l e  p r o g r a m .  U n d e r  h is  
d i r e c t i o n ,  th is  s e c t i o n  was e n l a r g e d  to a Spec ia l  Weapons  D e p a r t m e n t  
c h a r g e d  with d e v e l o p m e n t  and d e s i g n  of gu ided  m i s s i l e s ,  f i r e  c o n t r o l ,  
e l e c t r o n i c  and  e l e c t r o - m e c h a n i c a l  s y s t e m s .  He b e c a m e  ch i e f  e n g i -  
n e e r  in 1949 and was e l e c t e d  v ice  p r e s i d e n t  in 1951. Mr .  B e r g e n  is 
the  au tho r  of n u m e r o u s  t e c h n i c a l  p a p e r s  and w i n n e r  of t h e  L a w r e n c e  
S p e r r y  A w a r d  in 1943 for  " T h e o r e t i c a l  and E x p e r i m e n t a l  I n v e s t i g a t i o n s  
of  the  D y n a m i c  L e a d s  on A i r p l a n e s . "  In A p r i l  1953 Mr.  B e r g e n  was 
appo in t ed  Vice  P r e s i d e n t  of O p e r a t i o n s  c o o r d i n a t i n g  a l l  c o m p a n y  f u n c -  
t i ona l  a c t i v i t i e s  for  the  v a r i o u s  p r o j e c t s .  
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A I R C R A F T  AND G U I D E D  MISSILE P R O D U C T I O N  FOR WAR 

19 J a n u a r y  1955 

G E N E R A L  NIBLO:  To  e a c h  o f  you  a good  m o r n i n g .  T o d a y  is  
G l e n n  L.  M a r t i n  Day  a t  t he  I n d u s t r i a l  C o l l e g e .  Our  s p e a k e r  t h i s  
m o r n i n g  i s  M r .  W i l l i a m  B.  B e r g e n ,  V i c e  P r e s i d e n t  in  C h a r g e  o f  Op-  
e r a t i o n s  f o r  T h e  G l e n n  L.  M a r t i n  C o m p a n y .  He wi l l  d i s c u s s  " A i r -  
c r a f t  and  G u i d e d  M i s s i l e  P r o d u c t i o n  fo r  W a r .  " 

B i l l ,  i t  is  a p l e a s u r e  to w e l c o m e  you b a c k  to the  I n d u s t r i a l  C o l l e g e  
and  to p r e s e n t  you  to o u r  c l a s s  of  1955.  

MR.  B E R G E N :  T h a n k  you ,  G e n e r a l  Nib lo ,  g e n t l e m e n :  You f e l -  
l o w s  a r e  v e r y  k ind  and  we c e r t a i n l y  a p p r e c i a t e  y o u r  c o u r t e s y ~  but  I 
w a n t  you  to  u n d e r s t a n d  t h a t  you  d o n ' t  foo l  m e  a b i t .  T w o  y e a r s  ago ,  I 
was  a s k e d  to g ive  a t a l k  on  g u i d e d  m i s s i l e s .  T h e  o n l y  g u i d e d  m i s s i l e  
we h a d  f l y i n g  at  t h a t  t i m e  was  in  a l l  s o r t s  o f  d i f f i c u l t i e s - - f a l l i n g  a p a r t  
in  the  a i r ;  c o u l d n ' t  ge t  n e a r  a t a r g e t .  So we w e r e  c h o s e n  as  e x p e r t s  
in  g u i d e d  m i s s i l e s  b e c a u s e  we c o u l d n ' t  m a k e  t h e m  w o r k .  We h a v e  
t h e m  w o r k i n g  now.  

T o d a y  I a m  b i l l e d  as  an  e x p e r t  on  w a r  p r o d u c t i o n  p l a n n i n g .  I w a n t  
to  m a k e  it c l e a r l y  u n d e r s t o o d  b e f o r e  we ge t  s t a r t e d  t h a t  I d o n ' t  k n o w  a 
t h i n g  a b o u t  w a r  p r o d u c t i o n  p l a n n i n g .  H o w e v e r ,  I d o n ' t  f e e l  t oo  b a d l y  
a b o u t  t h i s ,  b e c a u s e  you  f e l l o w s  h a v e n ' t  t o l d  m e  w h a t  k i n d  of  w a r  you  
a r e  p l a n n i n g ;  you  h a v e n ' t  t o l d  m e  w h e n  i t  is  go ing  to t a k e  p l a c e .  

No,  I d o n ' t  k n o w  wha t  k i n d  of w a r  to  t a l k  abou t ,  but  I h a v e  a h u n c h  
we  a r e  p l a n n i n g  f o r  a w a r  in wha t  we a r e  do ing  t o d a y  and  e v e r y  day .  
I c e r t a i n l y  d o n ' t  s u b s c r i b e  too  m u c h  to t h e  t h e o r y  t h a t  you  can  c a r r y  
o n  a p e a c e t i m e  a c t i v i t y  in  an  ou t f i t  s u c h  as  o u r s ,  and  t h e n  be ab l e  to  
c o n v e r t  to  w a r  p r o d u c t i o n  as  s o o n  as  the  gong  s o u n d s .  R a t h e r ,  I s u b -  
s c r i b e  to the  t h e o r y  t h a t  t he  n e x t  t i m e  t he  gong  s o u n d s  the  b o y s  i n  the  
d u s t y  r o o m  a r e  no t  g o i n g  to  h a v e  e n o u g h  t i m e  to  ge t  off  t h e i r  d e s k s  
a n d  f ind  ou t  w h a t  is  go ing  on  in the  w o r l d .  

A t o p i c  of  i n t e r e s t  to  you ,  I know,  a n d  s o m e t h i n g  we c a n  t a l k  a b o u t  
a m o n g  f r i e n d s  is  a i r c r a f t  p r o d u c t i o n .  We h a v e  l e a r n e d  wha t  no t  to  do 
i n s i d e  a n  a i r c r a f t  f a c t o r y  by do ing  so  m a n y  t h i n g s  w r o n g  in  t he  p a s t .  
B y  t he  s a m e  p r o c e s s  of  t r i a l  and  e r r o r  we a l s o  h a v e  l e a r n e d  how to  
o r g a n i z e  b e s t  f o r  p e a c e  a n d  w a r .  
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I have  b r o k e n  th is  p r o d u c t i o n  t a lk  down into t h r e e  o r  fou r  p h a s e s .  

As I s a i d  l a s t  y e a r  and  s t i l l  b e l i e v e - - t h e  s t r o n g e s t  b u l w a r k  fo r  w a r  o r  
p e a c e t i m e  p r o d u c t i o n  is the  k ind  of  peop l e  we h a v e .  I a m  t a l k i n g  about  
t e a m w o r k ,  t h e  n e b u l o u s  i d e a l  tha t  e v e r y b o d y  w r i t e s  books  about ,  but  
n o b o d y  s e e m s  to be ab le  to c a r r y  out  too we l l .  

The  next  p h a s e  of  m y  t a lk  c o v e r s  p l ann ing .  How do we go about  
p l a n n i n g  fo r  t h e s e  e v e n t u a l i t i e s  ? And then ,  p e r h a p s ,  I wi l l  t ouch  on 
the  t h r e e  m a i n  e l e m e n t s  tha t  m a k e  up a p r o d u c t i o n  p r o g r a m ,  at l e a s t  
as  f a r  as  the M a r t i n  C o m p a n y  is c o n c e r n e d .  We d iv ide  what  t a k e s  
p l a c e  in the e n g i n e e r i n g  a r e a  p r i m a r i l y  into t o o l i n g  and  m a n u f a c t u r i n g .  
F i n a l l y ,  a l t h o u g h  t h e s e  a r e n ' t  e a r t h - s h a k i n g ,  I wan t  to d i s c u s s  s o m e  
of  the  i n t e r e s t i n g  t r e n d s  tha t  we t a k e .  The  t r e n d  m a y  s t a r t  in  a v e r y  
i n n o c u o u s  s o r t  of  way ,  and  you don ' t  r e a l i z e  i ts  s i g n i f i c a n c e  un t i l  it  i s  
w e l l  a long .  I th ink  I t o u c h e d  on one of  t h e s e  t r e n d s  l a s t  y e a r ,  and  i t  
has  c e r t a i n l y  b l o s s o m e d  out d u r i n g  the  p a s t  12 m o n t h s - - n e w  f a b r i c a t i o n  
t e c h n i q u e s .  

A n o t h e r  p r o b l e m ,  a l m o s t  t a k i n g  as m u c h  t i m e  as p r o d u c t i o n  i t s e l f ,  
i s  t i m i n g  and  a c c e p t a n c e .  I b e l i e v e  it w a r r a n t s  i n c l u s i o n  in th i s  t a lk ,  
and  f ina l ly ,  I wan t  to c o v e r  s o m e t h i n g  t e r r i f i c a l l y  i m p o r t a n t - - p l a i n  
o ld  p a c k a g i n g .  

I would  l ike  to go back  now and  t a lk  about  o u r  f i r s t  top ic ;  le t  us  
c a l l  it  m a n a g e m e n t .  F i r s t  of  a l l ,  I t h ink  we a r e  a l i t t l e  un ique  in  the  
b u s i n e s s  w o r l d  in tha t  o u r  so l e  c u s t o m e r  is  the  m i l i t a r y .  And r e a l l y  
wha t  we have  to s e l l  and  what  we have  to do as a s e r v i c e ,  and  e s p e c i a l l y  
the  c o n t r i b u t i o n  tha t  j u s t i f i e s  o u r  p ro f i t  and  o u r  r e a s o n  fo r  b e i n g  is  t he  
a b i l i t y  to be c l o s e  to the  f o r e f r o n t s  of  new a d v a n c e m e n t s - - a s  c l o s e  as  
you  c a n  p o s s i b l y  get  in any  k ind of an o r g a n i z e d  s o c i e t y .  

I th ink  y o u ' l l  a g r e e  tha t  in o u r  i n d u s t r y ,  p a r t i c u l a r l y  as it  s e r v e s  
the  m i l i t a r y  e x c l u s i v e l y ,  we h a v e  m o r e  of  a c o m p e t i t i v e  s i t u a t i o n  than  
you  wi l l  f ind a n y w h e r e  e l s e .  We c a n ' t  s e l l  a new a i r p l a n e  by c h a n g i n g  
a f e n d e r  l ine  o r  pu t t ing  new t a i l  l igh t s  on the  b a c k  end  of i t .  

We don ' t  a lways  c o n s i d e r  t h i s ,  but  u n d e r n e a t h  a l l  th i s  c o m p e t i t i o n  
is a l i fe and  dea th  s t r u g g l e  wi th  the  f e l low we n e v e r  e v e n  s e e ,  the  f e l -  
low in R u s s i a .  As a r e s u l t  of  th i s  k e e n  c o m p e t i t i o n ,  o u r  p r e p o n d e r e n c e  
of  t e c h n i c a l  peop le  has  to be h igh .  

B e i n g  an e n g i n e e r ,  I u s e d  to th ink  the  e n g i n e e r  was  the  l i f e b l o o d  
of  i n d u s t r y .  E v e r y o n e  e l s e  was  t h e r e  to he lp  h i m .  I have  c o m e  to 



r e a l i z e  that  p e o p l e  wi th  o t h e r  s p e c i a l  t e c h n i c a l  s k i l l s ,  one  e x a m p l e - -  
s u c h  as  m a c h i n e  too l ing ,  a r e  j u s t  a s  i m p o r t a n t  as  e n g i n e e r s .  T h e r e  
a r e  not  m a n y  of t h e s e  p e o p l e  about .  M o r e o v e r ,  you c a n ' t  t r a i n  them 
o v e r n i g h t .  So it is  i m p o r t a n t  tha t  when  we ta lk  about  w a r  m o b i l i z a -  
t ion tha t  we have  a n u c l e u s  of t h e s e  t e c h n i c a l  p e o p l e  who a r e  c a p a b l e  
of e x p a n d i n g  into  m u c h  l a r g e r  o r g a n i z a t i o n s  than we h a v e  now.  

So f a r  a s  p r o d u c t s  a r e  c o n c e r n e d - - g e t t i n g  b a c k  to the t e c h n i c a l  
n a t u r e  of the b u s i n e s s - - a  lot  of us  a r e  l i a b l e  to s ay ,  "Wel l ,  gee ,  
th ings  a r e  ge t t i ng  so  c o m p l e x ,  they  a r e  ge t t ing  h o p e l e s s .  " I d o n ' t  
th ink  th is  c o m p l e x i t y  ta lk  ho lds  too m u c h  w a t e r .  But  what  we a r e  
do ing  today  is pu t t i ng  a lot  of th ings  t o g e t h e r  that  we n e v e r  had  to put  
t o g e t h e r  b e f o r e .  

In the a i r p l a n e  today  the a i r f r a m e  is  a s m a l l e r  p e r c e n t a g e  of the 
o v e r a l l  e f fo r t  than  i t  u s e d  to be .  A l so ,  we find,  s u r p r i s i n g l y ,  that  
the  a i r p l a n e  i t s e l f  w o r k s  m u c h  b e t t e r  than  the " junk"  we put  in to  i t .  
I s a y  " j u n k "  f a c e t i o u s l y .  N e v e r t h e l e s s ,  what  m a k e s  the w e a p o n  is  the 
e q u i p m e n t  tha t  goes  in to  i t ,  not  the v i s i b l e  f r a m e  that  f l i e s  a r o u n d .  
T r u e ,  the a i r f r a m e  d e s i g n  is  what  a p p e a l s  to e v e r y b o d y .  So we e m -  
p h a s i z e  i t .  

The  p h i l o s o p h y  in the M a r t i n  C o m p a n y ,  and th is  is  b e c o m i n g  
m o r e  and m o r e  t r u e ,  is  that  we l i ke  to th ink we a r e  now w o r k i n g  
c l o s e l y  enough  wi th  you p e o p l e  so  that  we know y o u r  f u n d a m e n t a l  r e -  
q u i r e m e n t .  And,  if  we u n d e r s t a n d  the r e q u i r e m e n t  a s  you te l l  it to 
us ,  we a r e  in a m u c h  b e t t e r  p o s i t i o n  to fu l f i l l  i t  than  we would  be  if 
you  kep t  us  in the d a r k ,  giW.ng us on ly  p a r t  of the s p e c i f i c a t i o n s  f r o m  
t i m e  to t i m e .  

H e r e ' s  a t e r m  that  i s  v e r y  b a d l y  a b u s e d .  We ca l l  o u r s e l v e s  a 
" w e a p o n s  s y s t e m s  c o n t r a c t o r .  " Th i s  m e a n s  that  we d e t e r m i n e  p r e -  
c i s e l y  the s u b c o n t r a c t i n g  c o m p o n e n t s  tha t  wi l l  go into  an a i r c r a f t .  
It d o e s n ' t  fo l low that  we in t end  to c o m p e t e  with the s u b c o n t r a c t o r s  
in b u i l d i n g  a n y  of t h e s e  c o m p o n e n t s ,  h o w e v e r .  

In o r d e r  to p e r f o r m  th is  c o n t r a c t o r  s e r v i c e ,  and we b e l i e v e  th is  
i s  o u r  m i s s i o n  in l i f e ,  we h a v e  t r i e d  to o r g a n i z e  o u r  whole  c o m p a n y  
on a b a s i s  that  would  he lp  us c a r r y  it  out .  You can  o r g a n i z e  on the 
b a s i s  of do ing  b u s i n e s s  wi th  the A i r  F o r c e ,  do ing  b u s i n e s s  wi th  the 
Navy ,  and do ing  b u s i n e s s  with the A r m y .  We h a v e n ' t  done  that .  
We have  o r g a n i z e d  ou r  c o m p a n y  on the b a s i s  of t e c h n i c a l  s k i l l s .  

3 
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C h a r t  1, page  5 . - - T h i s  is  our  f u n d a m e n t a l  o r g a n i z a t i o n ,  As  you 

can see ,  we have  a n u m b e r  one boy, and then d i r e c t l y  u n d e r  h i m  We 
h a v e  a l l  the  v i c e  p r e s i d e n t s  r e p r e s e n t i n g  what  we ca l l  the t e c h n i c a l  
sk i / I s  which  go to m a k e  up our  o r g a n i z a t i o n .  

The f i r s t  one is s a l e s  and s e r v i c e .  You m a y  l i f t  y o u r  e y e b r o w s  
at s a l e s  and s e r v i c e  be ing  c a l l e d  a t e c h n i c a l  sk i l l .  I can a s s u r e  you 
that  it is  one.  It is one of the m e d i u m s  by which  we h a v e  c o m m u n i -  
c a t i o n s  with you p e o p l e  to l e a r n  what  your  r e q u i r e m e n t s  a r e ,  m a k e  
s u r e  that we u n d e r s t a n d  them,  and m a k e  s u r e  that  we can get  the f e e d  
back  p r o p e r l y .  

The s e c o n d  one,  qua l i t y  con t ro l ,  i s  r e s p o n s i b l e  fo r  f ina l  c e r t i f i -  
c a t ion  of an a i r c r a f t .  C e r t i f i c a t i o n ,  in  th is  i n s t a n c e ,  m e a n s  the h i g h -  
e s t  s t a n d a r d s  have  b e e n  m e t .  

P r o c u r e m e n t . - - T h i s  m i g h t  i n t e r e s t  you.  N o r m a l l y ,  you wi l l  f ind 
p r o c u r e m e n t  as  a s e r v i c e  u n d e r  m a n u f a c t u r i n g .  We h a v e  a c t u a l l y  
found that ,  b e c a u s e  of the i m p o r t a n c e  of the e q u i p m e n t  that  goes  into 
our  wea pons  t h e s e  days ,  p r o c u r e m e n t  v e r y  of ten  is  the d e c i d i n g  e l e -  
m e n t  in  w h e t h e r  we m e e t  ou r  s c h e d u l e s  o r  not.  Not only  that ,  but  
ou r  a n a l y s e s  of s u b c o n t r a c t o r s - - i n  t r y i n g  to p i ck  out the  s h e e p  f r o m  
the  g o a t s - - i s  an e x t r e m e l y  i m p o r t a n t  p a r t  of our  b u s i n e s s .  So we 
have  d ign i f i ed  p r o c u r e m e n t  by s e t t i n g  it  up u n d e r  a v ice  p r e s i d e n t .  

The M a n u f a c t u r i n g  Div i s ion ,  of c o u r s e ,  i s  f a i r l y  obvious ,  as  is  
the E n g i n e e r i n g  Div i s ion .  But  j u s t  to g ive  you s o m e  idea  of t h e i r  i m -  
p o r t a n c e - - r i g h t  now we e m p l o y  18, 000 p e o p l e  in B a l t i m o r e ,  2 ,500  
a r e  e n g i n e e r s .  The bulk  of the o t h e r s - - 1 5 , 0 0 0  o r  16, 000 a r e  u n d e r  
Manufac tu r ing ;  and the r e s t ,  r e l a t i v e l y  few in n u m b e r ,  fa l l  u n d e r  the 
f i r s t  t h r e e  g roups ,  " s a l e s  and s e r v i c e , "  " q u a l i t y  con t ro l ,  " and  " p r o -  
c u r e m e n t . "  

So if you a r e  i n t e r e s t e d  in what we a r e  do ing  in the E n g i n e e r i n g  
D iv i s ion ,  what  our  p h i l o s o p h i e s  a r e ,  what  ou r  m e t h o d s  a r e ,  what  
o u r  e q u i p m e n t  is ,  i t  i s  qu i te  e a s y  jus t  to fo l low E n g i n e e r i n g  down 
th rough  the v a r i o u s  p r o j e c t s ,  and you wi l l  f ind it  c o m p l e t e l y  un i f i ed .  
E v e r y o n e  in E n g i n e e r i n g ,  fo r  e x a m p l e ,  w e a r s  a badge  which  s a y s  
" E n g i n e e r i n g "  on it .  

H o w e v e r ,  fo r  s e v e r a l  r e a s o n s ,  i t  would be  v e r y  n i c e  if  we could  
p r o d u c e ,  say ,  one m o d e l  of an  a i r c r a f t  and ju s t  c o m e  a long  wi th  an  
i m p r o v e m e n t  on it e v e r y  y e a r ,  o r  once  in awh i l e  take  a d r a s t i c  d e s i g n  

f. 
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s tep .  But,  as  I wil l  show you a l i t t l e  l a t e r ,  we run  into the p r o b l e m  of 
p e a k s  and v a l l e y s .  Not only  that ,  but s i n c e  we a r e  r u n n i n g  c l o s e  to th is  
t e c h n i c a l  f o r e f r o n t  I m e n t i o n e d ,  we don ' t  know w h e t h e r  the d e v e l o p -  
m e n t  we a r e  w o r k i n g  on today  is going  to be any good t o m o r r o w .  It 
can  b e c o m e  o b s o l e t e  o v e r n i g h t .  N o r  can we a f fo rd  to g a t h e r  the t e ch -  
n i c a l  p e o p l e  o r  s t a f f s  we n e e d  and have  t h e m  suppo r t  one or  two p r o j -  
e c t s .  T h a t ' s  why we have  gone into a m u l t i p l i c i t y  of p r o j e c t s  in the 
M a r t i n  Company .  I b e l i e v e  we a r e  un ique  in hav ing  a l l  our  d i f f e r e n t  
p r o j e c t s  and c o n t r a c t s  with the t h r e e  m i l i t a r y  s e r v i c e s  u n d e r  one  roof .  

This  m a y  c o m e  as  a s u r p r i s e  to you,  but we h a v e  found that  the  
t h r e e  m i l i t a r y  s e r v i c e s  have  d i f f e r e n t  p e r s o n a l i t i e s .  So we h a v e  t r i e d  
to s e t  up what we ca l l  a " p r o d u c t  con t ro l ! '  wi th in  a " func t i ona l  c o n t r o l .  " 

We have  a l s o  found that  each  p r o d u c t  we m a n u f a c t u r e  has  a r a t h e r  
d i f f e r e n t  p e r s o n a l i t y .  F o r  e x a m p l e ,  by  ju s t  l ook ing  at a s m a l l  a i r - t o -  
a i r  m i s s i l e  which  m a y b e  we ighs  200 or  300 pounds ,  you can  te l l  it  i s  
o b v i o u s l y  d i f f e r e n t  f r o m  a 160, 000 pound s e a p l a n e .  

C o n s i d e r  P r o j e c t  A the M a t a d o r  TM-61 m i s s i l e ,  for  e x a m p l e .  
We h a v e  se t  up u n d e r  the O p e r a t i o n s  D i v i s i o n  an  o p e r a t i o n s  m a n a g e r  
who is  r e s p o n s i b l e  for  the c o m p l e t e  a d m i n i s t r a t i o n - - w h e t h e r  i t  f a l l s  
o r  is  a s u c c e s s - - o f  this  p a r t i c u l a r  p r o j e c t .  Th is  has  b e e n  done  b e f o r e .  
But  you know what h a p p e n s  when  you s e t  up such  a fe l low.  U n l e s s  he  
has  an e x t r e m e l y  good and d ~ m i n a t i n g  p e r s o n a l i t y ,  nobody  pays  too 
m u c h  a t t e n t i o n  to h i m  anyway,  and they  r u n  a round  beh ind  h i s  back  
and m a k e  s u r e  no one ge t s  h u r t  in the E n g i n e e r i n g  D e p a r t m e n t .  Also ,  
we have  h i s  c o u n t e r p a r t  in E n g i n e e r i n g .  We have  a p r o j e c t  e n g i n e e r .  
So a l l  e n g i n e e r s  a s s i g n e d  to P r o j e c t  A, no m a t t e r  what  t h e i r  s p e c i a l t y  
is ,  r e p o r t  to the P r o j e c t  A e n g i n e e r ,  who in tu rn  is r e s p o n s i b l e  to the 
o p e r a t i o n s  m a n a g e r .  This  ho lds  t rue  fo r  the o t h e r  p r o j e c t s ,  a l so .  

C h a r t  2, page  7 . - - T h i s  shows  the e n g i n e e r i n g  o r g a n i z a t i o n ,  which  
in tu rn  is  d iv ided  a c c o r d i n g  to the func t iona l  s k i l l s  that  we th ink  go to 
m a k e  up an a i r c r a f t  e n g i n e e r i n g .  We happen  to ca l l  t h e m  a e r o d y n a m -  
i c s  sk i l l s ,  e l e c t r o n i c s  s k i l l s ,  d e s ign ,  and f l ight  t e s t ing .  H e r e  wi th in  
E n g i n e e r i n g  we now have  se t  up a P r o j e c t  D e p a r t m e n t .  This  i s  c o m -  
p l i c a t e d  b e c a u s e  we a l s o  h a v e  a D e s i g n  D e v e l o p m e n t  D e p a r t m e n t  
which  d o e s  p l ann ing  fo r  new des ign .  The  P r o j e c t  D e p a r t m e n t  h a n d l e s  
t h o s e  d e s i g n  p r o j e c t s  which  a r e  p r e t t y  m u c h  u n d e r  way. 

C o n s i d e r  P r o j e c t  A the M a t a d o r  aga in .  At the e x t r e m e  r i g h t  is 
the p r o j e c t  e n g i n e e r  fo r  the A e r o d y n a m i c s  D e p a r t m e n t .  We have  a 
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1 3 8 4  
group  of a e r o d y n a m i c i s t s  work ing  on this  p r o j e c t  who r e p o r t  to the 
a e r o d y n a m i c s  p r o j e c t  r e p r e s e n t a t i v e ,  who in tu rn  r e p o r t s  to the p r o j -  
ec t  e n g i n e e r .  This  ho lds  t r u e  a c r o s s  the c h a r t  fo r  each  e n g i n e e r i n g  
d e p a r t m e n t .  

The i n t e r e s t i n g  c o m m e n t a r y  on this  is  that m a n y  peop l e  s a y  it 
won ' t  work  b e c a u s e  no m a n  can  r e p o r t  to two b o s s e s .  With th is ,  we 
do not  a g r e e .  Le t  us take  a s i m p l e  ana logy .  

F o r  those  who a r e  f o r t u n a t e  e n o u g h - - o r  un fo r tuna t e  enough,  d e -  
p e n d i n g  on how you look at i t - - t o  be m a r r i e d ,  if you wil l  e x a m i n e  y o u r  
sou l s ,  you wi l l  a d m i t  that  t h e r e  a r e  a lot  of jobs  you do b e f o r e  you go 
to work  that  a r e  d i r e c t e d  by your  b e t t e r  hal f .  When  you go to work ,  
if  you d r i v e  the way I do, and if you happen  to s e e  a l i t t l e  boy  in  a b lue  
sui t ,  you soon  r e c o g n i z e  that  you a r e  not  c o n t r o l l i n g  your  speed ;  he i s .  
M o r e o v e r ,  when you get  to work ,  the ug ly  o g r e  of a boss  has  c o n s i d -  
e r a b l e  to do with how you conduc t  y o u r s e l f  d u r i n g  the day.  What I ' m  
s a y i n g  is  you can r e p o r t  to s e v e r a l  b o s s e s ,  but i t ' s  i m p o r t a n t  to know 
to whom you a r e  r e s p o n s i b l e  for  what.  If you r e c o g n i z e  that  you a r e  
r e s p o n s i b l e  to your  wife  fo r  ge t t i ng  the m a i d  f r o m  the s t a t i on  in the 
m o r n i n g ,  and you a r e  r e s p o n s i b l e  to the  cop for  not  going  o v e r  50 
m i l e s  an  hou r ,  it  is  p r e t t y  e a s y ,  and you d o n ' t  get  confused .  

This  dual  r e s p o n s i b i l i t y  at M a r t i n  w o r k s  the s a m e  way. The a e r -  
o d y n a m i c i s t s  on P r o j e c t  A, fo r  i n s t a n c e ,  a r e  r e s p o n s i b l e  to t h e i r  
p r o j e c t  e n g i n e e r  in so f a r  as  t h e i r  t e c h n i c a l  s k i l l s  on the p r o j e c t  a r e  
c o n c e r n e d ,  and to the m a n a g e r  of the A e r o d y n a m i c s  D e p a r t m e n t  fo r  
t h e i r  o v e r a l l  s p e c i a l i s t  s k i l l s .  We have  had  this s y s t e m  in  o p e r a t i o n  
now for  a l i t t l e  o v e r  two y e a r s  and it works  we l l .  

C h a r t  3, page  9. - - I  had  th is  c h a r t  m a d e  up d i f f e r e n t l y  f r o m  the  
f i r s t  two to show that  we a r e n ' t  in a ru t .  H e r e  is  M a n u f a c t u r i n g .  
We have  sa id  the func t iona l ,  t e c h n i c a l  s k i l l s  r e q u i r e d  in m a n u f a c -  
t u r i ng  a r e  the P r o d u c t i o n  D e p a r t m e n t ,  tool ing,  and f a c t o r y  m a n a g e r .  
We a c t u a l l y  have  a n o t h e r  p lan t  and this se tup  is  the s a m e  in  both  
plants. 

H e r e ,  aga in ,  you s e e  as  an e q u i v a l e n t  to the p r o j e c t  e n g i n e e r ,  a 
m a n u f a c t u r i n g  m a n a g e r .  This ,  I think you wi l l  f ind v e r y  u n i q u e - - a  
m a n u f a c t u r i n g  m a n a g e r  fo r  e a c h  p r o j e c t .  

P e r h a p s  you can  a r g u e  with the way we h a v e  b r o k e n  down s o m e  
of t h e s e  s k i l l s .  This  type of o r g a n i z a t i o n  has  a lo t  of a d m i n i s t r a t i v e  
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1 3 S 6  
a d v a n t a g e s  o t h e r  than the t e c h n i c a l  o r g a n i z a t i o n  a d v a n t a g e s  I j u s t  
m e n t i o n e d .  One of t h e s e  a d v a n t a g e s  a c t u a l l y  app l i e s  to e n g i n e e r i n g  
m o r e  than to any o t h e r  d iv i s i on .  E v e r y o n e  l i k e s  to be known as  s o m e  
s o r t  of  s p e c i a l i s t .  O r g a n i z e d  in this  way, a l l  ou r  peop l e  r e t a i n  t: e i r  
s p e c i a l i s t  i d e n t i t y  r e g a r d l e s s  of w h e r e  t h e i r  p a r t i c u l a r  s k i l l s  a r e  
be ing  u t i l i z e d .  A f t e r  a l l ,  the w o r s t  th ing you can do is  to con fuse  an 
e l e c t r o n i c s  e n g i n e e r  with an a e r o d y n a m i c i s t .  Within  this  type of 
f l e x i b l e  o r g a n i z a t i o n ,  h o w e v e r ,  we can sh i f t  t h e m  f r o m  p r o j e c t  to 
p r o j e c t - - a s  we have  to d o - - a n d  they  don ' t  get  u p s e t  b e c a u s e  they  
r e m a i n  an e l e c t r o n i c s  e n g i n e e r  or  w h a t e v e r  they  m a y  be.  

C h a r t  4, page  1 1 . - - I f  we fo l low a b r e a k d o w n  of a p a r t i c u l a r  p r o j -  
ec t  such  as  P r o j e c t  As you wil l  s e e  we have  the o p e r a t i o n s  m a n a g e r ,  
then  r a n g e d  be low,  the p r o j e c t  e n g i n e e r ,  the m a n u f a c t u r i n g  m a n a g e r  
and so on. The o t h e r  d i v i s i o n s  a r e n ' t  shown  but they  a r e  o r g a n i z e d  
in the s a m e  way. 

O ne  of ou r  b i g g e s t  p r o b l e m s  was c o n v i n c i n g  the f i nanc ia l  p e o p l e  
that  they  shou ld  be o r g a n i z e d  in this  way. If you have  e v e r  had any  
c o n v e r s a t i o n  with your  a c c o u n t a n t s ,  you wil l  r e c o g n i z e  that it was 
ou r  f ina l  v i c t o r y  in ge t t i ng  t h e m  to r e a l i z e  that  they  a r e  a c c o u n t a n t s  
on a p r o j e c t  and not a c c o u n t a n t s  fo r  an IBM m a c h i n e .  

Speak ing  of func t iona l  con t ro l ,  the b e s t  type we h a v e  is  c o n t r a c t  
c o n t r o l .  Then  fo l lowing  th is  s e q u e n c e  down f r o m  the c o n t r a c t  is  the 
m o s t  i m p o r t a n t  p a r t  of the c o n t r a c t ,  which  is known as  s p e c i f i c a t i o n ,  
and s t e p p i n g  down f u r t h e r ,  we have  s c h e d u l i n g  and f ina l ly  the budget .  
I don ' t  say ,  " F i n a l l y ,  the budget ,  " as  though I don ' t  think it is  i m -  
po r t an t ,  but a c t u a l l y  in our  b u s i n e s s  we f ind that  i t  is  n e c e s s a r y  to 
m a k e  s u r e  that  the budge t  i s n ' t  the ta i l  that  wags the dog. 

I have  h e a r d  a g r e a t  m a n y  d i s s e r t a t i o n s  about  this  q u e s t i o n  of 
budge t  and I have  s e e n  it get  into the p r o b l e m  unt i l  you r e c e i v e  a 
v e r y  s t r a n g e  i n t e r p r e t a t i o n  of it. F o r  e x a m p l e ,  you g ive  E n g i n e e r -  
ing so m u c h  budget ;  you g ive  M a n u f a c t u r i n g  so m u c h  budget ;  and 
s o m e  p e o p l e  beg in  to gage  t h e i r  p r o m o t i o n  and s a l a r y - i n c r e a s e  p o s -  
s i b i l i t i e s  a c c o r d i n g  to how they  do on t h e i r  budget .  

Say the E n g i n e e r i n g  D e p a r t m e n t  pu l l s  a b l o o p e r .  The Manufac -  
t u r i n g  D e p a r t m e n t  p e o p l e  say ,  "If  E n g i n e e r i n g  ge t s  that  m u c h  m o n e y  
fo r  pu l l i ng . a  b l o o p e r ,  we want  m o r e  budget .  " They  have  a good point .  
So you a n s w e r ,  "O. K . ,  we wil l  f i g u r e  out s o m e  way to g ive  you m o r e  
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i388 
budget" and they begin transferring charges all over the place and 
ge t t i ng  t h e m s e l v e s  a l l  m i x e d  up as  a r e s u l t .  I m a i n t a i n  this  d o e s n ' t  
h a v e  v e r y  m u c h  to do with  bu i ld ing  a i r p l a n e s .  

So you h a v e  to c o n s i d e r  the budge t  in a v e r y  s o p h i s t i c a t e d  way.  
What  we have  done  is  s e t  up a p l a n n i n g  m a n a g e r  who has  c h a r g e  of 
the a d m i n i s t r a t i o n  of c o n t r a c t s  and s p e c i f i c a t i o n s ,  and a l s o ,  an  E s t i -  
m a t o r  who has  c h a r g e  of e s t i m a t e s  and cos t  c o n t r o l .  We h a v e  put  
t h e m  in  s t a f f  p o s i t i o n s  b e c a u s e  we f e e l  that  r e a l  budge t  c o n t r o l  is  
done  by  the p r o j e c t  e n g i n e e r ,  m a n u f a c t u r i n g  m a n a g e r ,  and p e o p l e  
on t h e i r  l e v e l  of s u p e r v i s i o n .  The p l a n n i n g  m a n a g e r  and  e s t i m a t o r  
c o o r d i n a t e  the whole  p i c t u r e .  We fee l  qu i t e  s t r o n g l y  that  the v e r y  
b e s t  p l a n n i n g  d e p a r t m e n t  we can  have  is one  which  is not  s e t  up a s  
a s e p a r a t e  e m p i r e  t r y i n g  to ac t  as  an o v e r s e e r  but  one which  is  c o m -  
p l e t e l y  d e c e n t r a l i z e d  by p r o j e c t s .  

If we h a v e  an i d e a l  s i t u a t i o n  t h e n - - w h i c h  we n e v e r  h a v e - - a l l  we 
h a v e  to do is  d r a w  a c i r c l e  a r o u n d  e a c h  p r o j e c t  and say ,  " F e l l o w s ,  
go to i t .  You a r e  the M a r t i n  M a t a d o r  C o m p a n y ,  so,  j u s t  l e t  us  v i ce  
p r e s i d e n t s  go out  and p l a y  golf  and d r i n k  c o c k t a i l s .  " It d o e s n ' t  w o r k  
out that  way.  We p l ay  v e r y  l i t t l e  golf.  But  th is  is  the way we a t -  
t e m p t  to push  r e s p o n s i b i l i t y  down the l i ne .  

We have  found that  if th is  type of o r g a n i z a t i o n  d o e s n ' t  s o l v e  too 
m a n y  p r o b l e m s - - y o u  n e v e r  so lve  a p r o b l e m  by  an o r g a n i z a t i o n  i n c i -  
d e n t a l l y - - i t  e n a b l e s  us  to spot  t r o u b l e  a r e a s  an awfu l  lot  q u i c k e r  than 
we e v e r  did b e f o r e .  Hav ing  had y e a r s  of ba t t i ng  a r o u n d  by you f e l -  
l ows ,  I th ink we b e c a m e  good at ge t t i ng  out of t r o u b l e  once  we w e r e  
in it .  The p r o b l e m  was  f ind ing  out when  we w e r e  in t r o u b l e .  We 
d a r n  n e a r  went  b a n k r u p t  in 1949 and d idn ' t  know it un t i l  two m o n t h s  
b e f o r e  the banks  c l o s e d  down on us .  I d o n ' t  th ink that  would e v e r  
h a p p e n  today .  

Nor  do I th ink  this  is  the m o s t  i m p o r t a n t  r e s u l t .  The r e a l l y  
i m p o r t a n t  e f f ec t  is  the f i l t e r i n g  t h r o u g h  of r e s p o n s i b i l f t y ,  down to 
the l o w e s t  s u p e r v i s i o n  l e v e l  c a p a b l e  of a s s u m i n g  it .  In o t h e r  w o r d s  
we a r e  not  a o n e - m a n  c o m p a n y .  We have  v e r y  few g e n i u s e s  and 
we a r e  s o r t  of p r o u d  of th i s .  

L e t  us  go on to s o m e  of the m u n d a n e  p a r t s  of th is  p r o g r a m ,  s u c h  
as  p l a n n i n g .  This  i s  the bane  of ou r  e x i s t e n c e .  I a m  s u r e  you a r e  
f a m i l i a r  wi th  the i m p l i c a t i o n s  of the next  c h a r t .  Ac tua l l y ,  it  t e l l s  
on ly  ha l f  the s t o r y .  

12 
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C h a r t  5, page  1 4 . - - T h i s  a s s u m e s  that  we have  a "go a h e a d "  on a 

new c o n t r a c t .  It s h o w s  e n g i n e e r i n g ,  tool ing ,  m a t e r i a l ,  and so fo r t h ,  
and how we bui ld  up a c u r v e .  I th ink the A i r  F o r c e  c a l l s  it  the " C r a i g i e -  
Cook P l a n .  " The  N a v y  has  a n o t h e r  n a m e  fo r  it .  If e v e r y t h i n g  goes  we l l  
and we have  no m a j o r  p r o b l e m s  a f t e r  we get  the c o n t r a c t ,  it  t akes  p e r -  
haps  fou r  y e a r s  to p r o d u c e  about  300 a i r p l a n e s .  Th is ,  I think,  i s  v e r y  
o p t i m i s t i c .  

The o t h e r  p a r t  of the s t o r y ,  which  we don ' t  show h e r e  b e c a u s e  
f a r  be  it  f r o m  us to s t a r t  a c o n t r o v e r s y  with  you f e l l o w s ,  c o v e r s  the 
t i m e  f r o m  when we s t a r t  w o r k i n g  on the idea  un t i l  the t i m e  we get  
a c o n t r a c t .  This  a l l o w s  fo r  a l l  y o u r  d e s i g n  s t u d i e s ,  c o m p u t a t i o n s ,  
and r e e v a l u a t i o n s ,  and m a y  r u n  t h r e e  o r  fou r  y e a r s .  This  is not  the 
e x c e p t i o n .  We a r e  w o r k i n g  on p r o g r a m s  now that  s t a r t e d  off in a 
f o r m a l i z e d  s t u d y  with  f ive o r  s ix  d i f f e r e n t  c o n t r a c t o r s  p a r t i c i p a t i n g .  
A f t e r  t h r e e  y e a r s  of w o r k  on this  p r o j e c t ,  the p u r c h a s i n g  a g e n c y  is  
c o n s i d e r i n g  g iv ing  a c o n t r a c t  to t h r e e  of t h e s e  c o n t r a c t o r s  as  soon  
as  th is  r e q u i r e m e n t  c o m e s  up. I think this  i s  a r a t h e r  s e r i o u s  p r o b -  
l e m  with  you p e o p l e .  I can  t e l l  you r i g h t  now,  you f e l l o w s  a r e  t ak ing  
as  long to e v a l u a t e  d e s i g n  p r o p o s a l s  that  a r e  s u b m i t t e d  to you as  it  
t a k e s  us to put  the p r o p o s a l  t o g e t h e r .  

I d o n ' t  want  to a r g u e  with  you today  but  t h e s e  a r e  the r e a l i t i e s  
that  a f f ec t  l ead  t i m e .  M o r e o v e r ,  you can  s e e  o u r  p l a n n i n g  s t r e t c h e s  
out in to  a m a t t e r  of y e a r s ;  not  of m o n t h s ,  which  m a k e s  p l a n n i n g  d i f -  
f i cu l t ,  p a r t i c u l a r l y  a s  e v e r y t h i n g  is  s u b j e c t  to c h a n g e .  

C h a r t  6, page  1 5 . - - T h i s  s h o w s  a t yp i ca l  g r o w t h  c u r v e  bu i l t  up 
fo r  the s i n g l e  p r o j e c t  s h o w n  h e r e .  B e c a u s e  the m a n u f a c t u r i n g  s c a l e  
i s  so  h igh ,  i t  d o e s n ' t  look  l i ke  we h a v e  m a n y  e n g i n e e r s  w o r k i n g  on 
it ,  but  l e t  m e  a s s u r e  you  that  500 e n g i n e e r s  is  a lot .  

As an  a s i d e ,  l e t  m e  s a y  we do s o m e t h i n g  e l s e  that  is  un ique .  We 
h a v e  p r e t t y  m u c h  s e t  a 5 0 0 - e n g i n e e r  c e i l i n g  on o u r  n o r m a l  type  of 
p r o j e c t ,  w h e t h e r  m i s s i l e  o r  a i r p l a n e .  This  i s  the n u m b e r  of e n g i n e e r s  
tha t  can  be  e f f i c i e n t l y  a d m i n i s t e r e d .  This  f i g u r e  is  a m a x i m u m ;  it  
can  be  l e s s .  We a r e  i n c l i n e d  m o r e  and m o r e  to b a s e  s c h e d u l e s  on the  
u s e  of 500 e n g i n e e r s  p e r  p r o j e c t  and  then  ~ee  how ou r  s c h e d u l e  w o r k s  
out .  We h a v e  found tha t  when  we t r i e d  to do a bangup job on the t h e o r y  
that  if 1 0 m e n c a n d o  it in 5 d a y s ,  5 m e n  can  do it in 2 .5  d a y s ,  it  
d o e s n ' t  w o r k  out .  

13 
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The m a i n  r e a s o n  I want  to show you this  c u r v e  is  that  o b v i o u s l y  

no c o m p a n y  r e q u i r i n g  t e c h n i c a l  s k i l l s  s u c h  as  we r e q u i r e  in  the a i r -  
c r a f t  b u s i n e s s  can  a f f o r d  to h a v e  j u s t  one  p r o j e c t  u n d e r  s u c h  a situ '-  
a t ion .  The b u s i e s t  p e o p l e  in the p lan t  would be t hose  do ing  the h i r i n g  

and  f i r i n g .  

C h a r t  7, page  1 7 . - - T h i s  d e t a i l  p h a s e  is  a r a t h e r  i n n o c u o u s  p r o -  
d u c t i o n  s c h e d u l e .  We l i ke  to get  s t a r t e d  on the m o c k u p .  By  the t i m e  
the m o c k u p  is f i n i s h e d ,  we shou ld  have  a g r e e d  on s p e c i f i c a t i o n s  with  
o u r  c u s t o m e r .  Then  we ou t l i ne  the  e n g i n e e r i n g  p r o g r a m ,  too l ing ,  
p r o c u r e m e n t  of r a w  m a t e r i a l s ,  e q u i p m e n t ,  m a n u f a c t u r i n g ,  and,  f i na l l y ,  
we c o m e  down to f ina l  a s s e m b l y  and to the s e q u e n c e  in  wh ich  the a i r -  

p l a n e s  a r e  t u r n e d  out .  

You wi l l  n o t i c e  we wi l l  t u r n  out one a i r p l a n e ,  sk ip  a m o n t h ,  t u rn  
out a n o t h e r  one,  then  two, t h r e e  and so  f o r t h .  We bui ld  up p r e t t y  
s l o w l y .  F o l l o w i n g  this  s c h e d u l e  a c r o s s  the c h a r t ,  you wi l l  s e e  we 
s t i l l  h a v e n ' t  r e a c h e d  a n y w h e r e  n e a r  ou r  p r o d u c t i o n  p l a t e a u ,  even  

a f t e r  a y e a r .  

I n c i d e n t a l l y ,  as  an a s i d e ,  we p r e f e r  th is  p r o c u r e m e n t  p r o g r a m  
to the old one  when  we would bu i ld  one o r  two e x p e r i m e n t a l  a i r p l a n e s ,  
f ly  t h e m  a w h i l e ,  and then  go t h rough  a whole  new s e q u e n c e ,  n e w  e n g i -  
n e e r i n g ,  new tool ing ,  and f i n a l l y  c o m e  out wi th  the p r o d u c t i o n  a i r -  
p l a n e .  S o m e t i m e s ,  the p r o d u c t i o n  a i r p l a n e  was  not  a n y w h e r e  n e a r  

as  good as  the e x p e r i m e n t a l  one .  

C h a r t  8, p a g e  1 8 . - - T h e  next  s t ep  is  to take  the m a n u f a c t u r i n g  
p a r t  of the s c h e d u l e  and b r e a k  it down into what  we ca l l  " c o n t r o l  
p o i n t s .  " A m a j o r  a s s e m b l y  s u c h  as  the a f t - f u s e l a g e  is a m a s t e r  
c o n t r o l  po in t .  As you  can  s ee ,  c o n t r o l  poin t  803 is  b r o k e n  into  sub -  
c o n t r o l  p o i n t s .  T h e s e  a r e  e s t a b l i s h e d  on the s c h e d u l e  by t i m e  s e -  
q u e n c e  to i n s u r e  a s t e a d y  f low of p a r t s  into this  m a j o r  c o m p o n e n t .  

I th ink it is  r a t h e r  obv ious  that  if th is  m a n u f a c t u r i n g  s e q u e n c e  
i s n ' t  f o l l owed ,  we m i g h t  f ind o u r s e l v e s  in t r o u b l e .  This  h a p p e n e d  
once  when  we had  s e t  up a s i n g l e  c o n t r a c t  fo r  the wing.  We had  
f u s e l a g e s  in q u a n t i t y  but  no wings .  Also ,  if you  s e e  one m a j o r  a s -  
s e m b l y  b e i n g  c o n s t r u c t e d  m o r e  r a p i d l y  than a n o t h e r ,  you can  t ake  
s o m e  a c t i o n  u n d e r  th is  type of p r o d u c t i o n  s e q u e n c e  and get  the c o n -  

t r a c t  s c h e d u l e  c h a n g e d .  
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C h a r t  9, page  2 0 . - - I  would l ike  to e m p h a s i z e  the cos t  h e r e .  We 
app ly  the s a m e  type of c o n t r o l  to cos t  as  we do to the f a b r i c a t i o n  of 
p a r t s .  S u p e r v i s i n g  cos t  c o n t r o l  is  the o p e r a t i o n s  m a n a g e r ;  be low 
h i m  is  the p r o j e c t  e s t i m a t o r .  B e c a u s e  we r a n  into so  m u c h  t r oub l e  
with budge t s ,  we have  ou t l awed  the word  and we u s e  the e x p r e s s i o n ,  
" a l l o w a b l e  c o s t . "  The  p r o j e c t  e s t i m a t o r  is  r e s p o n s i b l e  fo r  l e t t i ng  
e a c h  d e p a r t m e n t  know how m u c h  m o n e y  it has  for  o p e r a t i n g .  Of 
c o u r s e ,  the e n g i n e e r i n g  r e p r e s e n t a t i v e  ha s  to p r e t t y  m u c h  a g r e e  
with the e s t i m a t o r ' s  a l l oca t i on .  If he  d o e s n ' t ,  it  i s  h a s h e d  out. 
T h e r e  i s  no c o n t r o v e r s y  about  it by  the t i m e  it r e a c h e s  o t h e r  l e v e l s  
wi th in  a d e p a r t m e n t .  

The e s t i m a t o r  is  the boy who k e e p s  t r a c k  of how m u c h  m o n e y  he 
i s  s p e n d i n g .  The i m p o r t a n t  p a r t  of h i s  job that  r e q u i r e s  genu ine  s k i l l  
is  not  knowing  how m u c h  m o n e y  has  b e e n  spent ;  i t ' s  e s t i m a t i n g  how 
m u c h  m o n e y  m u s t  s t i l l  be  spen t  to c o m p l e t e  a p r o j e c t .  When you 
s t a r t  out, e v e r y b o d y  does  f ine .  T h e r e  is  no f i n a n c i a l  p r o b l e m  unt i l  
you  get  95 p e r c e n t  of the job done .  Then  i t ' s  l i ke  pu l l i ng  t ee th .  

The g round  r u l e  h e r e  i s  that  each  d i v i s i o n  s e t s  up, c o n t r o l s ,  and 
p o l i c e s  i t s  own i n t e r n a l  cos t  c o n t r o l .  F o r  e x a m p l e ,  in m a n u f a c t u r i n g ,  
the a m o u n t  of a l l o w a b l e  cos t  g iven  to the f o r e m a n  i s  l e s s  than the 
a m o u n t  we have  a l l o c a t e d  fo r  h i m .  Within  a d e p a r t m e n t ,  a l l o c a t i o n  
s t a n d a r d s  m a y  be changed  as  o f t en  as  once  a week ,  but  as  long as  
t h e i r  f i g u r e  is  l e s s  than what the o p e r a t i o n  m a n a g e r  has  a l l owed  them,  
it  d o e s n ' t  c o n c e r n  h i m .  H o w e v e r ,  if they r e p o r t  they  a r e  e x c e e d i n g  
t h e i r  a l l o w a b l e  cos t ,  then  it b e c o m e s  cause  for  m a j o r  c o n c e r n .  

C h a r t  10, page  2 1 . - - T h i s  is  an a i r p l a n e  that  has  b e e n  i n t e r e s t i n g  
to us ,  not  on ly  as  an  a i r c r a f t ,  but  b e c a u s e  it is the f i r s t  one  a f f e c t e d  
by  ou r  p r o d u c t  cos t  c o n t r o l  f r o m  the t i m e  we got the c o n t r a c t  un t i l  
the t i m e  it was c o m p l e t e d .  Actua l ly ,  i t  h a s n ' t  f lown ye t ,  but  i t  i s  
p r e t t y  wel l  a long.  I am showing  it to you b e c a u s e  the G e n e r a l  told 
m e  I could  take  f ive  m i n u t e s  fo r  a d v e r t i s i n g .  It i s  the M a r t i n  X P 6 M - 1 .  

C h a r t  11, page  2 2 . - - T h i s  is the to ta l  cos t  c o n t r o l  r e c o r d - - t h e  
on ly  r e c o r d  that  has  b e e n  o f f i c i a l ly  kept  in the c o m p a n y - - o n  th is  p r o -  
g r a m .  It is i n t e r e s t i n g  b e c a u s e  this  is a r a t h e r  l a r g e  p r o g r a m  and 
h a s  a b s o r b e d ,  I b e l i e v e ,  s o m e w h e r e  o v e r  50 p e r c e n t  of the N a v y ' s  
B u r e a u  of A e r o n a u t i c s  A i r c r a f t  R e s e a r c h  and D e v e l o p m e n t .  This  
m e a n t  that  if  we e n c o u n t e r e d  any  s e r i o u s  o v e r r u n s ,  we would not  o n l y  
put  o u r s e l v e s  in a bad p o s i t i o n  but we would j e o p a r d i z e  that  b u r e a u ' s  
funds .  
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M o r e o v e r ,  a l t h o u g h  th is  to ta l  job was  s u p p o s e d  to cos t  in e x c e s s  

of 35 m i l l i o n  d o l l a r s ,  the m o n i e s  cou ld  on ly  b e c o m e  a v a i l a b l e  to us in 
i n c r e m e n t s ,  as  you  s e e  t h e m  l i s t e d  on the  c h a r t .  Th i s  is  the m o n e y  
a u t h o r i z e d  by the c u s t o m e r .  We d iv ided  the a l l o c a t e d  funds  b e t w e e n  
e n g i n e e r i n g  and m a n u f a c t u r i n g .  Both  to ta l  l a b o r  and to ta l  c o s t ,  which  
i n c l u d e s  p r o c u r e m e n t ,  a r e  shown .  I t r u s t  you a r e  a l l  i m p r e s s e d  by  the 
s m a l l  p r o f i t  m a r g i n .  

We kep t  a r u n n i n g  a c c o u n t  of what  we did.  You wil l  n o t i c e  in this  
c a s e  tha t  e n g i n e e r i n g  is  c o n s i d e r a b l y  o v e r  i ts  a l l o w a b l e  cos t .  It was  
c a u s e  f o r  s o m e  c o n c e r n .  H o w e v e r ,  m a n u f a c t u r i n g  h a s  r u n  c o n s i d e r -  
ab ly  u n d e r  i t s  budge t  and too l ing  h a s  b e e n  even  l o w e r .  The ne t  r e s u l t  
is  that  ou r  a c t u a l  to ta l  cos t  h a s  b e e n  only  a l i t t l e  u n d e r  the to ta l  a m o u n t  
a l l o c a t e d  to us .  

C h a r t  12, page  2 4 . - - T h e  nex t  s t ep  is a deta i lec l  l ayou t  of how we 
go about  b u i l d i n g  an a i r c r a f t .  The M a t a d o r  is i n t e r e s t i n g  b e c a u s e  it 
f i t s  in to  m o b i l i z a t i o n  p l a n n i n g .  It is  not  too e c o n o m i c a l  f r o m  the po in t  
of p l an t  s p a c e ,  but  on this  job,  fo r  e x a m p l e ,  we had  to s e t  up a l ine  
c a p a b l e  of b u i l d i n g  about  125 M a t a d o r s  a m o n t h .  H o w e v e r ,  o u r  c o n t r a c t  
c a l l s  fo r  b u i l d i n g  on ly  one a w o r k i n g  day,  which  is  about  22 a m o n t h .  
So whi le  th is  p r o d u c t i o n  l ayou t  was  d e s i g n e d  to m e e t  the h i g h e r  f i g u r e ,  
we put  in  on ly  enough  tools  to bu i ld  the 22 p e r  m o n t h ,  

T h o s e  of you who a r e  c o m i n g  to the p lan t  on F r i d a y  wi l l  s e e  th i s  
s p a c e  a l l  l a id  out .  Ac tua l ly ,  we have  found we d o n ' t  h a v e  to a s s e m b l e  
the  M a t a d o r  so we h a v e  e l i m i n a t e d  the a s s e m b l y - l i n e  s p a c e .  Th i s  l a y -  
out  h a s  gaps  in i t  so  if we had  to i n c r e a s e  p r o d u c t i o n  in a h u r r y ,  we 
would  on ly  h a v e  to add a d d i t i o n a l  tools  to r u n  the r a t e  up f r o m  22 to 
125 a m o n t h .  

C h a r t  13, page  2 5 . - - W e  have  the s a m e  type  of l a y o u t  fo r  the B - 5 7 .  
I a m  a f r a i d  it  i s  too d e t a i l e d  fo r  a c u r s o r y  e x p l a n a t i o n .  It i s  b e t t e r  f o r  
the p l a n n i n g  p e o p l e  to s p e n d  a lot  of t i m e  l a y i n g  ~his out in the m o s t  
e c o n o m i c a l  way  p o s s i b l e .  In the f ina l  a n a l y s i s ,  l e s s  t i m e  wi l l  be  s p e n t  
on a s s e m b l y .  

C h a r t  14, page  2 6 . - - I n  the next  s e r i e s  of c h a r t s ,  I want  to i l l u s -  
t r a t e  how we have  c o m e  to the c o n c l u s i o n  that  if you  h a v e  the s l i g h t -  
e s t  i dea  of what  you a r e  do ing ,  you  p r o f i t  in  the long  r u n  by  do ing  it 
r i g h t  in the b e g i n n i n g .  A few y e a r s  ago we spen t  a lot  of t i m e  b u i l d -  
trig a coup l e  of e x p e r i m e n t a l  tools  that  w e r e  good fo r  a few a i r p l a n e s .  
When  we had to bu i ld  a lot  of t h e m ,  we w e r e  not  too we l l  off. 
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C h a r t  15, page  2 8 . - - T h i s  is  the type of tool s e e n  in m o s t  .a i rcraf t .  

f a c t o r i e s  today .  It is  p r i m a r i l y  m a d e  of s t e e l  and m a s o n i t e .  Th i s  tool  
is  fo r  the a f t - f u s e l a g e  s e c t i o n  of an  a i r p l a n e .  As i n d i c a t e d  on the c h a r t ,  
it  is  u s e d  in the c o n s t r u c t i o n  of f r o m  10 to 200 a i r c r a f t .  If you a r e  
going to bu i ld  250, as  in the c a s e  of the M a t a d o r ,  it  is  b e s t  to go in to  
a n o t h e r  f o r m  of p r o d u c t i o n  too l ing .  

C h a r t  16, page  2 9 . - - H e r e  is  a h i g h - p r o d u c t i o n  tool  fo r  the a u t o -  
m a t i c  d r i l l i n g  of the f u s e l a g e  on the n o s e  s u b a s s e m b l y .  All  of t h e s e  
a r e  a u t o m a t i c  d r i l l s .  The m i s s i l e  s e c t i o n  is m o v e d  into  the f i x t u r e ,  
a l i g n e d ,  and d r i l l e d .  Of c o u r s e ,  the too l ing  in an a i r c r a f t  p l an t  no -  
w h e r e ' a p p r o a c h e s  the too l ing  in an a u t o m a t i c  f a c t o r y .  

In c o n j u n c t i o n  with  tool ing ,  I want  to ta lk about  the new f a b r i c a t i o n  
t e c h n i q u e s  that  a r e  c o m i n g  into  the p i c t u r e .  The o n e  that  was  e x p e r i -  
m e n t a l  the  l a s t  t i m e  I was  h e r e  is  s t r u c t u r a l  bond ing .  Whi le  it  was  
e x p e r i m e n t a l ,  we d i d n ' t  d a r e  u s e  this  on an a i r p l a n e .  We u s e d  it on 
m i s s i l e s .  

C h a r t  17, page  3 0 . - - C e n t e r e d  in this  p i c t u r e  is  a m e t a l  h o n e y -  
c o m b .  A c t u a l l y ,  it  looks  l i ke  h o n e y c o m b  on a s c r e e n .  A l u m i n u m  
s k i n s  a r e  w r a p p e d  a r o u n d  it ,  and the e n t i r e  s t r u c t u r e  is f i t t ed  into  
th is  l a r g e  t oo l .  The  tool  i s  c o n t o u r e d  to the o u t s i d e  s h a p e  of the 
h o n e y c o m b  c o r e  so tha t  the b a c k s  of the tools  p r e s s  t i gh t ly  a g a i n s t  the 
a l u m i n u m  s k i n s .  As you can  s e e ,  the tool is  u s e d  to app ly  p r e s s u r e  
and  h e a t .  The h e a t  p a s s e s  t h r o u g h  e l e c t r o d e s  in the b lanke t ;  the p r e s -  
s u r e  t h r o u g h  the p r e s s u r e  b a g s .  D i f f e r e n t  p r e s s u r e s  c a n  be  a p p l i e d  to 
d i f f e r e n t  a r e a s .  In th is  m a n n e r ,  an  e n t i r e  wing can  be  f a b r i c a t e d .  
Too l s  l i ke  th is  a r e  e x p e n s i v e ,  but  n o w h e r e  n e a r  as  e x p e n s i v e  as  m a n -  
p o w e r .  M o r e o v e r ,  once  you h a v e  t h e m ,  you c a n  r e a l l y  do a job .  

T h e r e  a r e  o t h e r  n e w  t e c h n i q u e s  c o m i n g  into  u s e .  F o r  e x a m p l e ,  
we wi l l  be  ge t t i ng  into  s t a i n l e s s  s t e e l .  We d o n ' t  know an  awfu l  lo t  about  
it  ye t .  A l so ,  we a r e  p l a y i n g  wi th  t i t a n i u m .  In s h o r t ,  a whole  f i e ld  of 
f a b r i c a t i o n  t e c h n i q u e s  is  c o m i n g  into  p l a y  in the a i r c r a f t  i n d u s t r y .  
T h e s e  t e c h n i q u e s  wi l l  h a v e  an i m p o r t a n t  i m p a c t  on the m o b i l i z a t i o n  
p i c t u r e .  

C h a r t  18, page  3 1 . - - T o  go into  a d h e s i v e  bond ing  a l i t t l e  m o r e  in 
d e t a i l - - t h i s  is  the M a t a d o r ;  the wing,  f ins ,  and s t a b i l i z e r  a r e  m a d e  
of h o n e y c o m b .  We h a v e  now r e a c h e d  the po in t  w h e r e  we a r e  m a k i n g  
s t a b i l i z e r s  and  f ins  on p i l o t e d  a i r p l a n e s  out of h o n e y c o m b .  T h e y  a r e  
pu t  t o g e t h e r  wi th  F M - 4 7  a d h e s i v e  i n s t e a d  of wi th  r i v e t s .  R igh t  now,  
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we a r e  bu i ld ing  an a i r p l a n e  in which  the c o m p l e t e  wing s u r f a c e ,  ta i l  
s e c t i o n s ,  and h igh  p e r c e n t a g e  of the f u s e l a g e  wi l l  be f a b r i c a t e d  out 
of h o n e y c o m b .  T h o s e  of you who a r e  c o m i n g  to our  p lan t  on F r i d a y  
wil l  p r o b a b l y  be qu i te  i n t e r e s t e d  in s e e i n g  this  p r o c e s s .  

Cha r t  19, page  3 3 . - - T h i s  is  a p i c t u r e  of a l l  the d e t a i l s  that  go 
into a c o n v e n t i o n a l  s t a b i l i z e r .  It s ays  that  t h e r e  a r e  3 ,000  p a r t s ,  
and I g u e s s  you wil l  have  to take  our  word  for  i t .  All  of t h e s e  p a r t s  
have  to be r i v e t e d  t o g e t h e r .  

C h a r t  20, page  3 4 . - - N o w  that w e ' r e  bu i ld ing  this  s a m e  s t a b i l i z e r  
by the h o n e y c o m b  m e t h o d ,  the 3 ,000  p a r t s  is  r e d u c e d  to l e s s  than  
500. This  is  only  ha l f  of the p i c t u r e  b e c a u s e  the payoff  is  what  you 
save  in m a n - h o u r s  p e r  pound.  

Cha r t  21, page  3 5 . - - W e  thought  at  f i r s t  when  we b e g a n u s i n g  t h e s e  
new f a b r i c a t i o n  t e c h n i q u e s  that  the s lope  on this  c u r v e  would be r a t h e r  
f la t .  H o w e v e r ,  we have  found that the s l ope  i s  p r a c t i c a l l y  as  good as  
one r e p r e s e n t i n g  a r e g u l a r  r i v e t e d  s t r u c t u r e .  

l F o r  e x a m p l e ,  on the 200th m i s s i l e ,  t h e r e  w e r e  a c t u a l l y  1 .4  m a n -  
h o u r s  p e r  pound; on the a i r f r a m e  a lone  it was m u c h  l o w e r .  E l e c t r o n -  
i c s ,  which  c o n s t i t u t e s  a l a r g e  p a r t  of the M a t a d o r ,  i s  r a t h e r  i n t r i c a t e .  
Now that  we have  bui l t  300 M a t a d o r s ,  we have  done  b e t t e r  than th is  
c u r v e .  We a r e  r e a l l y  so ld  on this  t e chn ique ,  not  on ly  b e c a u s e  we 
get  good s t r u c t u r e ,  a e r o d y n a m i c s ,  and so for th ,  f r o m  it but i t  a l s o  
s a v e s  d o l l a r s .  

One of the s i g n i f i c a n t  r e a s o n s  we have  b e e n  able  to s a v e  a lot  of 
t i m e  on the m i s s i l e  is  that  when we b e g a n  this  b u s i n e s s  of m a n u f a c -  
t u r ing  them,  we got a lot  of k n o w - h o w  f r o m  a i r p l a n e  fo lks .  Now the 
l i n e s  of k n o w l e d g e  h a v e  c r o s s e d  and s o m e  of the l e s s o n s  we l e a r n e d  
f r o m  bu i ld ing  m i s s i l e s  a r e  f e ed ing  back  into the a i r p l a n e  e n d  of the 
b u s i n e s s .  

C h a r t  22, page  3 6 . - - O n e  of t h e s e  l e s s o n s  o r i g i n a t e d  with the 
M a t a d o r  tools  and t e c h n i q u e s .  We found that  we could bui ld  s e p a r a t e  
s e c t i o n s  and get  c o m p l e t e  i n t e r c h a n g e a b i l i t y ,  not  on ly  of s t r u c t u r e  
but of e l e c t r o n i c s .  We found,  a l so ,  that  it was no l o n g e r  n e c e s s a r y  
to a s s e m b l e  the m i s s i l e  at  the p lant ,  so  the a s s e m b l y  t i m e  was e l i m -  
ina ted .  Now m i s s i l e s  a r e  sh ipped  f r o m  M a r t i n  in s e v e n  s e c t i o n s  
and e v e r y b o d y  is happy.  
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C h a r t  23, page  3 8 . - - W h e n  we f i r s t  began  s h i p p i n g  M a t a d o r  p a c k -  

a g e s  to E u r ope ,  we igh t  was s o m e t h i n g  of a l o g i s t i c s  p r o b l e m .  So we 
went  into a new p a c k a g i n g  p r o g r a m .  Our  eng ine  peop le  w e r e  ab le  to 
r e d u c e  the weigh t  a s  m u c h  as  32 to 34 p e r c e n t .  Th i s  is  s i g n i f i c a n t ,  
not  on ly  as  i t  p e r t a i n s  to guided  m i s s i l e s ;  i t  fo l lows  tha t  t h e r e  i s  no 
r e a s o n  why, u n d e r  a m o b i l i z a t i o n  se tup ,  we would have  to bui ld  s u b -  
a s s e m b l i e s  at  s m a l l  p l a n t s  and then sh ip  p a r t s  to the c e n t r a l  p l an t  to 
be  a s s e m b l e d ,  t e s t e d ,  and f lown away .  

A c t u a l l y  if  th i s  p r o g r a m  i s  fo l lowed  and t he se  t e c h n i q u e s  app l i ed ,  
t h e r e  is  no r e a s o n  why we c a n ' t  bu i ld  each  s u b a s s e m b l y  in a s e p a r a t e  
p a c k a g e  and sh ip  i t  to a f o r w a r d  a r e a - - e s p e c i a l l y ,  f i g h t e r s  and i n t e r -  
c e p t o r s .  We f e e l  tha t  th is  t r end  h a s  a genu ine  fu tu r e .  

Tha t  c o n c l u d e s  m y  talk.  Th i s  l a s t  c h a r t  s p e a k s  fo r  i t s e l f .  

C h a r t  24, page  3 9 . - - T o d a y  we a r e  ge t t ing  a i r p l a n e s  and m i s s i l e s  
out of the M a r t i n  p l a n t s  which  can  go w h e r e  they  a r e  needed  and be  
u s e d  on the m i s s i o n s  fo r  which t h e y  w e r e  d e s i g n e d - - w i t h o u t  p a s s i n g  
t h r o u g h  f ive  m o d i f i c a t i o n  l i n e s .  What  we used  to do was  bui ld  the 
b e a u t i f u l  f l y i n g  m a c h i n e  shown  above ,  when  we a c t u a l l y  got to u s e  it ,  
h o w e v e r ,  i t  t u r ned  out to be th i s  h o r r i b l e  c o n g l o m e r a t i o n  you s e e  f l y -  
ing  be low.  

C O L O N E L  WALKER:  We have  en joyed  hav ing  you with  us  a g a i n  
today,  M r .  B e r g e n ,  f o r  one of y o u r  o u t s t a n d i n g  p r e s e n t a t i o n s .  We 
c e r t a i n l y  a p p r e c i a t e  the s t r o n g ,  con t inued  s u p p o r t  g iven  us  by  the 
M a r t i n  C o m p a n y .  

(3 M a y  1 9 5 5 - - 2 5 0 ) S / f e b  
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