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(U) PREFACE 

(U) This  h i s t o r i c a l  monograph ch ron ic l e s  t he  evolu t ion  of t h e  

LACROSSE Guided M i s s i l e  System from incept ion  of t h e  p r o j e c t  i n  

September 1947 t o  t h e  p r e s e n t  time. It  was prepared i n  accordance 

w i t h  Ordnance Corps Order 12-58, OCTI 150-1-58, and AMC D i r e c t i v e  870-1. 

(U) The scheme of t rea tment  of t h e  LACROSSE s t o r y  i s  b a s i c a l l y  

chronologica l .  The f i r s t  chap te r  t r a c e s  t h e  o r i g i n  of t h e  p r o j e c t  and 

t h e  events  lead ing  t o  t h e  formal development e f f o r t  t h a t  began i n  

February 1951. Chapter  I1 d e a l s  w i th  t h e  o rgan iza t ion  and management 

a s p e c t s  of t h e  program, w i t h  primary emphasis on weaknesses and 

d e f i c i e n c i e s  which blocked e f f e c t i v e  c o n t r o l  and coo rd ina t ion  of t h e  

o v e r - a l l  e f f o r t .  The next  two chap te r s  desc r ibe  t h e  over lapping  weapon 

system development and product ion  e f f o r t ,  a long wi th  t h e  funding and 

t e c h n i c a l  problems encountered and t h e i r  impact on t h e  program schedule .  

Chapter V d e a l s  w i t h  t h e  LACROSSE t r a i n i n g  program and Chapter  V I  w i t h  

deployment, f i e l d  suppor t ,  and system improvement program. A very  b r i e f  

account of t h e  program c o s t  appears  i n  Chapter V I I ,  followed by a  r e t r o -  

s p e c t i v e  view of t h e  o v e r - a l l  program i n  t h e  f i n a l  chap te r .  

(U) Unless c the rwi se  i nd i ca t ed ,  t h e  r e f e r ences  c i t e d  i n  foo tno te s  

a r e  on f i l e  i n  t h e  H i s t o r i c a l  D iv i s ion ,  Adminis t ra t ive  Off i c e ,  U .  S. 

Army M i s s i l e  Command. 

10 September 1962 Mary T .  Cagle 
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I. (S) EVENTS LEADING TO LACROSSE SYSTEM DEVELOPMENT (U) 

(U) Or ig in  of t h e  P r o j e c t  

(U) The bas i c  concept of the  LACROSSE Guided M i s s i l e  System was 

conceived by the  U .  S.  Marine Corps e a r l y  i n  t h e  postwar per iod  t o  

supplement convent ional  a r t i l l e r y  i n  c l o s e  support  of ground t roops .  

S p e c i f i c a l l y ,  t he  Marine Corps needed a  h igh ly  a c c u r a t e  weapon capable 

of des t roy ing  enemy s t rong-po in t s  such a s  concre te  p i l l boxes  and r e i n -  

forced  bunkers t h a t  could not  be r e a d i l y  a t t a c k e d  o r  e l imina ted  by 

convent ional  a r t i l l e r y  wea.pons . This  guided weapon would a l s o  serve  

a s  a  u s e f u l  supplement t o  naval  gunf i r e  and a e r i a l  bombardment i n  c lo se  

support  of landing fo rces ,  a s  w e l l  a s  gene ra l  support of ground oper- 

a t i o n s  a g a i n s t  t roop concent ra t ions ,  supply columns, and s t a g i n g  a r e a s .  

(U) Like o t h e r  guided m i s s i l e  programs of t h e  l a t e  19401s,  t he  

LACROSSE was o r i g i n a t e d  a s  a  r e s u l t  of b a t t l e  f i e l d  experiences dur ing  

World War 11. The need f o r  a  more e f f e c t i v e  c l o s e  support  weapon was 

r epea t ed ly  demonstrated i n  v i r t u a l l y  a l l  campaigns of t h e  war, but 

p a r t i c u l a r l y  i n  t he  heavi ly  f o r t i f i e d  i s l a n d s  of t h e  South P a c i f i c .  

Here, t he  Marines had t o  overrun f a n a t i c  r e s i s t a n c e  from swarms of 

Japanese f i rmly  entrenched i n  a  honeycomb of p i l l b o x e s  and f o r t i f i e d  

caves.  

(U) One of t h e  s t ronges t  defens ive  systems encountered by American 

fo rces  was on the  i s l a n d  of Iwo Jima. The Japanese had transformed t h i s  

i s l a n d  of e i g h t  square mi les  i n t o  a  rugged f o r t r e s s  w i th  i n t e r l o c k i n g  

underground s t rong-holds ,  thousands of s t e e l - r e i n f o r c e d  concre te  

blockhouses and p i l l boxes ,  and f o r t i f i e d  caves,  a l l  c l e v e r l y  camouflaged. 

Before t h e  a s s a u l t  t roops landed on 19 February 1945, t h e  i s l a n d  was 

sof tened  up by 74 consecut ive days of nava l  and a e r i a l  bombardment, then 

p l a s t e r e d  wi th  tons  of explos ives  by a  t a s k  f o r c e  of b a t t l e s h i p s  and a  

screen  of c r u i s e r s  and des t roye r s .  

(U) The naval  and a e r i a l  bombardment was not  very e f f e c t i v e .  

American Marines not  only found themselves up t o  t h e i r  ank le s  i n  loose 

volcanic  a s h ,  bu t  they a l s o  became t h e  t a r g e t s  f o r  a n  enveloping f i r e  

from narrow a p e r t u r e s  only a  few inches above ground l e v e l  It took 
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them more t h a n  t h r e e  days t o  cover  700 y a r d s  up s l o p i n g  ground through 

t h e  f l aming  d e f e n s e s .  I n  a n  a r e a  only  1 ,000 y a r d s  long and  200 y a r d s  

deep t h e  Marines smashed some 800 enemy p i l l b o x e s  one by one,  o f t e n  i n  

hand- to-hand combat. Even w i t h  t h e  c o n t i n u i n g  s u p p o r t  of nava l  and 

a e r i a l  bombardment, t h e  b a t t l e  l a s t e d  a  f u l l  26 days .  Three Marine 

Corps d i v i s i o n s  s u f f e r e d  20,196 c a s u a l t i e s ,  i n c l u d i n g  4,189 k i l l e d .  
1  

(U) It was, no doubt ,  w i t h  t h i s  b a t t l e  i n  mind t h a t  t h e  Marine 

Corps began t o  fo rmula te  s p e c i f i c a t i o n s  f o r  a  more e f f e c t i v e  a r t i l l e r y  

weapon s h o r t l y  a f t e r  t h e  war ended. Indeed,  t h e  s t r o n g  d e f e n s i v e  sys tem 

encounte red  on Iwo Jima e x e m p l i f i e s  t h e  t a c t i c a l  m i s s i o n  f o r  which t h e  

LACROSSE m i s s i l e  sys tem was l a t e r  des igned .  

& T e n t a t i v e  Weapon System C h a r a c t e r i s t i c s  (U) 

(U) While t h e  s t a t e  of guided m i s s i l e  t echnology  had n o t  advanced 

t o  t h e  p o i n t  where d e t a i l e d  m i l i t a r y  c h a r a c t e r i s t i c s  (MC'S)  could  be 

p r e d i c t e d  w i t h  any  c e r t a i n t y ,  t h e  b a s i c  weapon system concept  o r i g i n a l l y  

e n v i s i o n e d  by t h e  Marine Corps was t o  remain unchanged. The i n i t i a l  

s p e c i f i c a t i o n s  were n e c e s s a r i l y  r e s t r i c t i v e  and somewhat a r b i t r a r y ,  b u t  

t h e y  d i d  p rov ide  a  d e f i n i t e  goa l  f o r  t h e  f e a s i b i l i t y  s t u d y  program t h a t  

fo l lowed .  

3 B r i e f l y ,  t h e  m i s s i l e  would be launched from a  rearward p o s i t i o n  

( e n  t h e  ground o r  a  nearby s h i p )  and caused t o  f l y  w i t h  p r e s e t  c o n t r o l s  

i n  t h e  g e n e r a l  d i r e c t i o n  of a  t a r g e t  s p e c i f i e d  by a  forward o b s e r v e r .  

A t  a n  a p p r o p r i a t e  t i m e ,  t h e  observer  would t a k e  o v e r  t e r m i n a l  c o n t r o l  
* 

of  t h e  m i s s i l e  and  d i r e c t  i t  by Command Guidance t o  t h e  t a r g e t .  The 

weapon would have a  c i r c u l a r  p robab le  e r r o r  (CPE) of n o t  more t h a n  f i v e  
** 

y a r d s  . 
(U) It was t h i s  guidance technique t h a t  gave t h e  weapon system t h e  
code name LACROSSE. I n  t h e  game Lacrosse ,  g o a l s  a r e  s c o r e d  i n  much 
t h e  same manner, w i t h  t h e  b a l l  be ing  passed  downfie ld  t o  a  man i n  
p o s i t i o n  t o  h u r t l e  i t  i n t o  t h e  n e t .  

& I n  a v a i l a b l e  s o u r c e  m a t e r i a l  t h e  r e q u i r e d  a c c u r a c y  o r  CPE i s  
E i t e d  i n t e r c h a n g e a b l y  a s  5  ya rds  and 5  m e t e r s  ( 5  mete r s  = 196.85 
i n c h e s  o r  5.468 y a r d s ) .  

1. (U) Snyder ,  Louis  L . ,  The War - A Concise  H i s t o r y  1939-1945 
(New York, 1960) ,  pp. 472-75. 
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Y @ The m i s s i l e  would have a  maximum range of n o t  l e s s  t h a n  20,000 

y a r d s  and  a  minimum range-of n o t  more t h a n  1,000 y a r d s .  Anti- jam 

d e v i c e s  and  means f o r  d e s t r u c t i o n  of t h e  m i s s i l e  i n  f l i g h t  were t o  be 

i n c o r p o r a t e d .  The warhead would weigh a b o u t  100 pounds. 
/ 

3 Targe t  i d e n t i f i c a t i o n  would be made b i  a  forward o b s e r v e r  

l o c a t e d  on t h e  ground o r  i n  a n  o b s e r v a t i o n  t y p e  a i r c r a f t  o r  i n  a n  o f f -  
, ' / 

s h o r e  c r a f t .  Forward guidance s t a t i o n  equipment was t o  weigh no more 

t h a n  150 pounds and  be capah le  of o p e r a t i o n  i n  f r o n t  l i n e  p o s i t i o n  by 
I 

n o t  more t h a n  two o p e r a t o r s .  Inc lement  wea ther  o r  poor v i s i b i l i t y  was 

n o t  t o  l i m i t  o p e r a t i o n .  
2  

(U) P r o j e c t  LACROSSE E s t a b l i s h e d  

(U) E a r l y  i n  1947, members of t h e  Marine Corps p r e s e n t e d  p l a n s  f o r  

i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  of such a  weapon t o  t h e  Bureau of Ordnance 

(BuOrd), U .  S .  Navy. These p l a n s  e v e n t u a l l y  cu lmina ted  i n  BuOrd 

a p p r o v a l  of f e a s i b i l i t y  s t u d y  p r o p o s a l s  s u b m i t t e d  by t h e  Applied Phys ics  
* 

L a b o r a t o r y ,  Johns Hopkins U n i v e r s i t y  (APLIJHU). 

(U) P d b j e c t  LACROSSE was e s t a b l i s h e d  a t  APL/JHU on 15 September 

1947. The C o r n e l l  A e r o n a u t i c a l  L a b o r a t o r y ,  I n c .  (CAL) was brought  i n t o  

t h e  i n i t i a l  s t u d y  program t o  i n v e s t i g a t e  v a r i o u s  means of a c h i e v i n g  t h e  
3 

n e c e s s a r y  guidance accuracy .  Corne 11 was - l a t e r  s e l e c t e d  a s  prime con- 

t r a c t o r  f o r  weapon system development-af ter  some 4 1  months of 

f e a s i b i l i t y  s t u d i e s  and predevelopment e f f o r t .  

* (U) The Appl ied P h y s i c s  Lab, S i l v e r  S p r i n g s ,  Md., was o rgan ized  i n  i t s  
p r e s e n t  concept  i n  1944, when wartime e f f o r t s  on t h e  VT fuze  program 
were phased o u t  and  t h e  Ofc of S c i e n t i f i c  Research  & Development was 
a b o l i s h e d .  A t r u e  n o n - p r o f i t  i n s t i t u t i o n ,  i t s  f i n a n c i a l  suppor t  i s  
d e r i v e d  s o l e l y  from funds  made a v a i l a b l e  from Govt-ass igned t e c h  pro-  
grams and  from such f e e s  a s  may be a l l o w e d  under  t h e  o p e r a t i n g  
c o n t r a c t  w i t h  t h e  Navy BuOrd. (Complete h i s t o r y  of APL-JHU i s  g iven 
i n :  Hear ings  Before  a  Subcommittee on Government Operat  i o n s ,  House 
o f  R e p r e s e n t a t i v e s ,  E i g h t y - S i x t h  Congress ,  F i r s t  S e s s i o n ,  FebIMar 59, 
pp.  439-40.)  

2 .  (U) For  f u l l  t e x t  of i n i t i a l ~ c ' s ,  s e e  Document 1. 

3 .  (U) "LACROSSE - An I n v e s t i g a t i o n  of t h e  F e a s i b i l i t y  of a  Guided 
M i s s i l e  f o r  Close  Support  ," APL/JHU and CAL, 1 J u l  48, p. 2 ,  Redstone 
S c i e n t i f i c  I n f o r m a t i o n  Cente r  (RSIC). 
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Cd3 F e a s i b i l i t y  Study Program (U) 

@ The primary o b j e c t i v e  of t h e  i n i t i a l  LACROSSE s t u d y  was t o  

de te rmine  t h e  f e a s i b i l i t y  of t h e  proposed m i s s i l e  sys tem i n  l i g h t  of 

t h e  e x i s t i n g  s t a t e  of t h e  a r t .  I n v e s t i g a t i o n s  of unknowns i n v o l v i n g  

b a s i c  r e s e a r c h  were cons idered  beyond t h e  scope of t h i s  program. For  

s t u d y  purposes ,  i t  was p o s t u l a t e d  t h a t  t h e  o b s e r v e r  would be a b o u t  

1 ,000 y a r d s  from t h e  t a r g e t  w i t h  t h e  m i s s i l e  l aunch ing  p o i n t  from 

10,000 t o  20,000 y a r d s  t o  t h e  r e a r .  It was a l s o  assumed t h a t  t h e  

o b s e r v e r  would have l i g h t w e i g h t ,  p o r t a b l e  equipment w i t h  whic.h he cou ld  

e i t h e r  mark t h e  t a r g e t  i n  some manner s o  t h a t  t h e  m i s s i l e  cou ld  home on 

t h e  marker ,  o r  d i r e c t  t h e  m i s s i l e  on to  t h e  t a r g e t  by a command system 

techn ique .  

Y 
$@ From t h e  o u t s e t  of t h e  program i n  September 1947, t h e  LACROSSE 

s t u d y  group was guided by two fundamental  o b s e r v a t i o n s .  F i r s t ,  t h e  

accuracy  s p e c i f i c a t i o n  (CPE n o t  t o  exceed 5 y a r d s )  was recognized  a s  

t h e  "dominant requirement . ' '  And second,  t h e  " s t r i n g e n c y  of t h i s  f i g u r e  

s u g g e s t s  a t  once t h a t  t h e  problem of guidance may be t h e  most d i f f i c u l t .  114 

Accordingly ,  t h e  b u l k  of t h e  s tudy  e f f o r t  was devoted t o  p o s s i b l e  

methods of a c h i e v i n g  t h e  d e s i r e d  guidance a c c u r a c y .  The APL s tudy  group 

i n v e s t i g a t e d  t h e  f e a s i b i l i t y  o f  homing a s  a means of t e r m i n a l  guidance 

f o r  LACROSSE, w h i l e  t h e  CAL group c o n c e n t r a t e d  on t h e  non-homing ( r a d a r )  

guidance t e c h n i q u e .  Subsequent CAL e f f o r t  d e a l t  w i t h  d e s i g n  s t u d i e s  o f  

a combinat ion r o c k e t - h e l i c o p t e r  ( o r  S h u t t l e c o c k )  m i s s i l e  f o r  LACROSSE. 

3 The r e s u l t s  of t h e s e  s t u d i e s ,  p u b l i s h e d  i n  a combined APLICAL 

r e p o r t  on 1 J u l y  1948, showed t h a t  t h e r e  were s e v e r a l  p o s s i b l e  ways of 

a c h i e v i n g  t h e  guidance accuracy  r e q u i r e d  f o r  LACROSSE. Those b e l i e v e d  

t o  be t h e  most promising and t h e r e f o r e  d e s e r v i n g  of prime c o n s i d e r a t i o n  

were:  Homing, Guidance Along a Way e s t a b l i s h e d  by Cycle-Count ing ( o r  

phase-comparison) ,  and S h u t t l e c o c k  development .  However, each of t h e s e  

t e c h n i q u e s  would invo lve  secondary problemsof c o n s i d e r a b l e  importance 

4 .  (U) w., p. 5 .  These o b s e r v a t i o n s  were  remarkably sound and  
p r o p h e t i c ,  f o r  problems s t i l l  e x i s t e d  i n  t h e  LACROSSE guidance sys tem 
more t h a n  a decade l a t e r .  
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and of a  cha rac t e r  r equ i r ing  a  d i f f e r e n t  approach f o r  t h e i r  s o l u t i o n  

than  t h a t  used s o  f a r .  The study group thus  concluded t h a t  t he  choice 

of a  guidance system f o r  i n t ens ive  development should be postponed u n t i l  

p r a c t i c a l  l abora tory  and f i e l d  t e s t s  had given t h e  answers t o  a  number 

of ques t ions  having both t a c t i c a l  and t echn ica l  a s p e c t s .  I n  t h i s  con- 

nec t ion ,  i t  was recommended t h a t  f u r t h e r  i n v e s t i g a t i o n s  be conducted i n  

t h r e e  s p e c i f i c  a r e a s ,  a s  follows: 

Y 
1. fpJ F i e l d  t e s t s  by the  Marine Corps which would a t t a c k  the  

problems of t a r g e t  survey and m i s s i l e  let-down, and which would a t tempt  

t o  a s s e s s  t he  maneuverabi l i ty  and v u l n e r a b i l i t y  of t he  proposed rocket -  

h e l i c o p t e r  (Shut t lecock)  m i s s i l e  under combat cond i t i ons .  

9 
2 .  Follow-up of o ther  p r o j e c t s  (K ingf i she r ,  Meteor, Raydis t ,  

e t c . ) ,  making arrangements f o r  t e s t s  of p a r t i c u l a r  s i g n i f i c a n c e  t o  

LACROSSE. 

3 .  3 Modest development programs t o  determine whether the 

remotely con t ro l l ed  he l i cop te r  would be f e a s i b l e ,  and whether s u i t a b l e  

beacons could be b u i l t  f o r  marking o r  surveying- in  a  t a r g e t .  
5 

(U) Analysis of F e a s i b i l i t y  Study Resu l t s  

(U) For some unknown reason,  t he  p r o j e c t  remained dormant f o r  the 

b e t t e r  p a r t  of a  year  a f t e r  completion of t h e  i n i t i a l  f e a s i b i l i t y  s tudy .  

A program f o r  cont inuing the  LACROSSE i n v e s t i g a t i o n  was d iscussed  

between t h e  Bureau of Ordnance and t h e  Corne l l  Aeronaut ica l  Laboratory,  

I n c . ,  e a r l y  i n  1949, but work was not  resumed u n t i l  t h e  middle of t h a t  

y e a r .  

(U) Under BuOrd Contract  NOrd-10629, June 1949, Cornel l  was 

ass igned  the  t a s k  of s e l e c t i n g  a  guided m i s s i l e  system s u i t a b l e  f o r  

development and conforming t o  LACROSSE s p e c i f i c a t i o n s .  I n  t he  course 

of t h i s  Task I e f f o r t ,  Cornel l  was t o  ana lyze  the  r e s u l t s  of t he  f e a s i -  

b i l i t y  s tudy;  s e l e c t  from two t o  four  of the  most promising systems f o r  

complete eva lua t ion ;  and submit a  d e t a i l e d  p lan  f o r  f u r t h e r  development 

5 .  (U) I b i d .  See e x t r a c t  from r e p o r t ,  Document 1. 



of che sysrem be l ieved  t -  

(U)  Systems Evaluated 

(3) From a  scview cf 

&,.&; .&.- &5*&?& 

be tho  mpsr  s q ~ i t a b l e  f o r  t he  LACROSSE mission.  

t he  i n i t i a l  f e a s i b i l i t y  s tudy  and a  l im i t ed  

s tudy of the genera? prc'blem? a  nlrmkr o f  m i s s i l e  systems,  i nco rpo ra t i ng  

t h e  'best f e a t u r e s  c f  those prev ious ly  ana lyzed ,  were s e l e c t e d  f o r  eva lu-  

a t i o n  i n  t h e  Task I prcgram. ',Two typcs of guidance systems were chosen: 

1) command system - using ang le  t rac .king and r a d i o  ranging  t o  t h e  

m i s s i l e ,  and 2)  homing 5yste.m - a ~ s u m i n g  t h e  m i s s i l e  homing on a  beacon 

f i r e d  on to  t he  taxge t  bv a  m;.rtar. A secondary type of command system 

us ing  only a n g l e  mcz-ascremcnts was pos tu l a t ed  f o r  development i.n t h e  

event  t h a t  range measurement proved imprac t ica  1. 

(C) An a n a l y s i s  of the  guidance systems showed t h a t  t h e i r  funda- 

mental problems could be c l a s s i f i e d  i n t c  f i v e  c a t e g o r i e s  common t o  a l l  

syscems. These components of t h e  genera l  LACROSSE problem were: 

Target  SErvey Problems 1nves t iga t . ion  
Warhead I cves t i ga  t i o n  
Airframe ;nvest . igat ion 
Guidance I n t e l l i g e n c e  Systems I n v e s t i g a t i o n  
Dynamic Srhavior  of Complets M i s s i l e  System 

With t h e  da t a  from these  f i v e  i n v e s t i g a t i o n s ,  t he  LACROSSE m i s s i l e  

systems s e l e c t e d  f o r  c r rn=, idera t ion  under Task 1 e f f o r t  were t o  be 
6 

i n v e s t i g a t e d .  S i g n i f i c a n t  r e s u l t s  cf  t he se  i n v e s t i g a t i o n s  fo l l cw ,  

(U) Ta-rget~ Survey I n v e s t i g a t i o n  .-- 

(U) The problem of snrveying nr  marking the  t a r g e t  w i t h  t he  

r equ i r ed  p r e c i s i o n  was c m s i d e r e d  cne of t h e  most d i f f i c u l t  of t h e  

LACROSSE prcgram. The main d i f f i c c l t y  e n c a m t e r e d  was t h a t  of e i t h e r  

de te rmin ing  the. r a r g e t  rarlge from tho  forward s t a t i o n  o r  of f i r i n g  a  

beacon on to  t h e  t a r g e t  wirh she s eqc i sed  range accuracy .  Poss ib l e  

s o l u t i o n s  irrvestiga.ted were t h e  u . s ~  of optics 1 range f i n d e r s ,  f i r i n g  

- - -  

6.  (!i) Donovan, A .  F .  : "LACROSSE S - m r y  Report . . . June  1449-Msrch 
19.50," CAL Rcpt N r .  BE-635-S-2? 22 Mar 50, pp. 2-4,  RSIC. This document 
h e r ~ i n a f t e r  r e f e r r ~ d  t o  a s ;  Donova-? Rept 3E-635-8-2. 



a  beacon from a  m o r t a r ,  and f i r i n g  a  s h e l l  c o n t a i n i n g  r a d i o  d i s t a n c e  

measur ing equipment a t  t h e  t a r g e t .  

(U) R e s u l t s  of t h e  t a r g e t  su rvey  s t u d y  showed t h a t  marking t h e  

t a r g e t  w i t h  a  mor ta r - f  i r e d  beacon o r  r a n g i n g  i t  i n  t h i s  manner would 

r e q u i r e  a n  e x c e s s i v e  number of m o r t a r  s h e l l s  and beacons .  I n  a d d i t i o n ,  

t h e  development of s u i t a b l e  beacons would be a n  ex t remely  d i f f i c u l t  

problem and  t h e  c o s t  appeared  t o  be e x c e s s i v e l y  h i g h .  

(U) T a r g e t  l o c a t i o n  by means of a n  o p t i c a l  r ange  f i n d e r  and  s i g h t  

was c o n s i d e r e d  p r a c t i c a l  i n  bo th  r a n g i n g  a c c u r a c y  and c o s t .  A s tudy  of 

t h i s  problem i n d i c a t e d  t h a t  a  range f i n d e r  of two-meter base  l e n g t h  

would y i e l d  a  p robab le  e r r o r  of two y a r d s  a t  a  1 ,000-yard range .  I t  

was e s t i m a t e d  t h a t  a  range f i n d e r  of two-meter b a s e  l e n g t h  would have 

a  minimum weight  of abou t  125 l b s . ,  l e s s  s u p p o r t i n g  base .  Development 

would t a k e  from two t o  t h r e e  y e a r s  and  c o s t  a b o u t  $250,000. 
7 

& Warhead I n v e s t i r a t i o n  (U) 

j$!$ Survey of t h e  warhead problem i n d i c a t e d  t h a t  t h e  s i z e  of t h e  

warhead shou ld  be i n c r e a s e d  from t h e  o r i g i n a l  concept  of 100 l b s .  t o  

500 l b s .  Th i s  weight  i n c r e a s e  would y i e l d  a  s u b s t a n t i a l  g a i n  i n  pay- 

load  w i t h  a n  i n c r e a s e  of l e s s  t h a n  35% i n  g r o s s  m i s s i l e  we igh t .  More- 

o v e r ,  a  500- lb .  warhead would a l l o w  some margin  even i f  t h e  impact a n g l e  

were n o t  p roper  f o r  o b t a i n i n g  t h e  maximum e f f e c t  of t h e  shaped charge .  

S t u d i e s  i n d i c a t e d  t h a t  t h e  shaped charge  would g i v e  t h e  b e s t  r e s u l t s  

a g a i n s t  v a r i o u s  types  of s t a t i o n a r y  t a r g e t s ,  e s p e c i a l l y  p o i n t  t a r g e t s  

such a s  p i l l b o x e s ,  c o n c r e t e  f o r t i f i c a t i o n s ,  bunkers ,  c a v e s ,  e t c . ,  

p r e s c r i b e d  i n  t h e  MC's.  
8 

(U) Airf rame I n v e s t i g a t i o n  

(U) I n  conduct ing t h e  a i r £  rame i n v e s t i g a t i o n ,  i t  had been planned 

t o  s t u d y  b o t h  t h e  h e l i c o p t e r  and  c o n v e n t i o n a l  s u b s o n i c  guided m i s s i l e s .  

The h e l i c o p t e r  t y p e  v e h i c l e ,  i n v e s t i g a t e d  d u r i n g  t h e  i n i t i a l  f e a s i b i l i t y  

7. (U) I b i d . ,  pp. 4 -6 .  

8. (U) I b i d . ,  pp. 6-7.  
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s t u d y .  appeared  t o  havc many promising advan tages  b n t h  from t h e  s t a n d -  

p o i n t  cf t a c t i c a l  a p p l i c a t i o n  and t h e  s i m p l i c i t y  and  a c c u r a c y  of 

gu idance .  Obvious d i sadvan tages  were g r e a t e r  v u l n e r a b i l i t y ,  a  po ten-  

t i a  l l y  g r e a t e r  development c o s t ,  and lower r e l i a b i l i t y .  I t  was 

o r i g i n a l l y  thcught  t h a t  o p t i c a l  ccmmand guidance would probably  be 

p r a c t i c a  1 f o r  a conven t iona l  drone type m i s s i l e ,  b u t  imprac t i ca  1 and  

e x t r e m e l y  d i f f i c u l t  f o r  a  conver&tional  drone t y p e  m i s s i l e .  However, 

dynamic a n a l y s c s  of t h e  command drone m i s s i l e  syst-em proved t h i s  concept 

t o  be i n c o r r e c t .  Thc s tbdy  showed, i n  f a c t ,  t h a t  o p t i c a l  ccmmand 

guidance of a  drone ccu ld  be made t o  have a  h i g h  d e g r e e  of a c c u r a c y .  

It a l s o  r e v e a l e d  t h a t  t h e  chang? i n  warhead weight  d i d  n o t  g r e a t l y  

i n c r e a s e  t h e  complexi ty  of t h e  drone t y p e  m i s s i l c ,  but i n c r e a s e d  t h e  

h e l i c o p t e r  problem s e v e r a l  f o l d .  Consequent ly ,  i n v e s t i g a t i o n  of t h e  

h e l i c o p t e r  t y p e  m i s s i l e  was abandoned i n  f a v o r  of t h e  c o n v e n t i o n a l  

s u b s o p i c  type  m i s s i l ~ .  
9  

f C )  The e a r l i e s t  concept a f  t h e  LACROSSE drone was embodied i n  t h e  

t h r e e  d e s i g n s  p r e s e n t e d  i n  t h e  i n i t i a l  f e a s i b i l i t y  s t u d y  r e p o r t .  A l l  

three.  of t h e s e  were gpen t o  c r i t i c i s m  on t h e  ground t h a t  t h e y  were t a i l -  

c o n t r o l l e d  c c n f i g u r a t i o n s  whose response  t o  c o n t r o l  s i g n a l s ,  

p a r t i c u l a r l y  i n  yaw, was much t o o  slow. An a l t e r n a t e  d e s i g n  u s i n g  

c r u c i f o r m  wing c o n t r o l  was t h u s  a d o p t e d ,  A s  o r i g i n a l l y  conce ived ,  t h i s  
* 

m i s s i l e  w a s  based on t h e  ~ a v y ' s  LARK s u r f a c e - t o - a i r  m i s s i l e  sys tem f o r  

which e x t e n s i v e  d e s i g n  and t e s t  d a t a  were a v a i l a b l e .  lo A s k e t c h  of t h e  

- 

+ (U) The LARK, a guided weapon w i t h  command mid-course  c o n t r o l  and a  
s e m i - a c t i v o  homing system, r e s u l t e d  from a  Navy a n t i - k a m i k a z e  program 
t h a t  began i n  l a t e  194h. l'he Navy awarded t h e  F a i r c h i l d  Engine & 
A i r p l a n e  Co. a LARK development & p r o d u c t i o n  c o n t r a c t  i n  Mar 45, and 
l a t e r  i n i t i a t e d  a  back-up LARK program a t  C o n s o l i d a t e d  Vul tee  A i r c r a f t  
Corp. '?he LARK e v e n t u a l l y  became a t e s t  v e h i c l e  (CTV-N-9) des igned  t o  
h e l p  s c l v e  prcblems r e l a t i n g  t o  r a d a r ,  ggidance sys tems ,  s t a b i l i t y ,  
c o n t r o l ,  and  launching.  Ordway, F r e d e r i c k  I . ,  1 1 1 ,  and Wakeford, 
Ronald C . ,  G t e r n a t i o n a l  M i s s i l e  and  S p a c e c r a f t  - Guide (New York, 1960), 
pp.  100-101. 

10.  ( U )  Dcnavan, A .  ??; "LACROSSE F i n a l  Report  - Task I ,  June  
1949 - March 1950." CAI, Rept N r .  YE-635-S-3, 1 Aug 50, pp. 57-59, RSIC. 
i ' h i s  d c c ~ r n e r ~  t h e r s i n a  f t e r  r e f e r r e d  t o  a s  : Donovan Rept BE-635-S-3. 



proposed (500- lb .  warhead) m i s s i l e  i s  shown i n  F i g u r e  1. The LACROSSE 

m i s s i l e  c o n f i g u r a t i o n  l a t e r  adop ted  f o r  development i s  shown i n  t h e  

i n s e t  f o r  comparison.  

(U) Guidance I n t e l l i g e n c e  Systems I n v e s t i g a t i o n  

(U) E f f o r t  i n  t h i s  phase of t h e  Task I s t u d y  was c h i e f l y  expended 

on one command system and  a  homing system. I n v e s t i g a t i o n s  s t a r t e d  on 

o t h e r  guidance i n t e l l i g e n c e  sys tems were abandoned when major d e f e c t s  

were d i s c o v e r e d .  

(U) I n v e s t i g a t i o n  of homing i n t e l l i g e n c e  sys tems was l i m i t e d  t o  

u n i t s  developed i n  o t h e r  m i s s i l e  programs. Data d e r i v e d  from t h i s  s tudy  

i n d i c a t e d  t h a t  a  conven t iona l  i n t e r f e r o m e t e r  homing system such a s  those  
* 

developed by MIT and  t h e  U n i v e r s i t y  o f  Texas would be b e s t  s u i t e d  t o  

LACROSSE i f  homing m i s s i l e s  were t o  be used .  The dynamic a n a l y s e s  of 

complete  LACROSSE m i s s i l e s ,  u s i n g  t h e  MIT f l i g h t  s i m u l a t o r ,  showed t h a t  

guidance by homing on a  beacon was ex t remely  a c c u r a t e ,  a n  e r r o r  of only  

seven f e e t  b e i n g  a n t i c i p a t e d .  However, e r r o r s  i n  placement of t h e  

beacon and  i n  t h e  o b s e r v e r ' s  knowledge of i t s  p o s i t i o n  were s o  g r e a t  a s  

t o  r u l e  o u t  t h e  homing system f o r  LACROSSE a p p l i c a t i o n .  Another un- 

f a v o r a b l e  f a c t o r  was t h e  h igh  c o s t  e s t i m a t e  f o r  development of a n  

a d e q u a t e  beacon. 
11 

(U) The command guidance concept  i n v e s t i g a t e d - a n d  f i n a l l y  recom- 

mended f o r  development-was t h e  S i g h t  Track ing ,  E l e c t r o n i c  Equipment 

Ranging ( o r  STEER) system. A s  impl ied  by i t s  t i t l e ,  t h i s  sys tem used 

a  combinat ion of o p t i c a l  a n g u l a r  t r a c k i n g  by t h e  forward o b s e r v e r  and 
** 

e l e c t r o n i c  range measurement by R a y d i s t  equipment .  I n  t h e  STEER 

guidance scheme, t h e  d a t a  d e r i v e d  from t h e  a n g u l a r  t r a c k i n g  u n i t  and  

t h e  range  measurement equipment a r e  f e d  t o  a  computer from which 

commands a r e  t r a n s m i t t e d  by r a d i o  l i n k  t o  t h e  m i s s i l e  c o n t r o l  sys tem.  

- - - 

* (U) Massachuse t t s  I n s t i t u t e  of Technology. 

** (U) A Radio Naviga t ion  & Track ing  System developed and  manufactured 
by t h e  Has t ings  Ins t rument  Company (HICO). 

11. (U) Donovan Rept BE-635-S-2, op c i t . ,  pp.  10 ,  11, & 13. 
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WARHEAD 

PROPOSED LACROSSE M I S S I L E  

(March 1950) 

F i g u r e  1 

D I A M C T E R  = 17" 

W I N G  SPAN = 92" 

LENGTH OVERALL = 256" 

ALL UP GROSS W E I G H T  = 2 1 0 0  L B S .  

W E I G H T  AFTER L A U N C H I N G  = 1 7 5 0  L B S .  

W E I G H T  A F T E R  BURN-OUT = 1 4 2 0  L B S .  

GUIOANCE AND CONTROL S Y S T E M  W E I G H T  = 1 5 0  L B S  

BOOSTER THRUST = 18000 L B S .  FOR 2 . 5  SECONDS 

S U S T A I N E R  THRUST = 440 L B S .  

POWERED RANGE = 20.000 Y A R D S  A T  hi= . 6  

MAXIMUM M A N E U V E R I N G  A C C E L E R A T I O N  = 4 g 



Range t o  t h e  t a r g e t  i s  assumed t o  have been i n i t i a l l y  determined by a n  

o p t i c a l  r ange  f i n d e r ,  whi le  az imuth  and  e l e v a t i o n  a r e  determined u s i n g  

t h e  same scope employed f o r  t r a c k i n g  t h e  m i s s i l e .  Th i s  t a r g e t  su rvey  

i n f o r m a t i o n  i s  t h e n  s e t  i n t o  t h e  computer which computes t h e  a p p r o p r i a t e  

command s i g n a l s  from t h e  m i s s i l e  t r a c k  and  range  d a t a .  l2 An a r t i s t ' s  

s k e t c h  of t h i s  o p e r a t i o n  i s  shown i n  F i g u r e  2 .  

(U) Performance of t h e  LACROSSE STEER command system was determined 

by combining r e s u l t s  of i n v e s t i g a t i o n s  of t h e  e f f e c t s  o f  o p t i c a l  t r a c k i n g  

e r r o r s  made on a  Reeves analogue computer w i t h  d a t a  on t h e  e f f e c t s  of 

o t h e r  e r r o r s  i n  t h i s  system o b t a i n e d  from t h e  MIT s i m u l a t o r .  The dynamic 

a n a l y s e s  showed a  p o t e n t i a l  e r r o r  of a b o u t  3 6  y a r d s .  The d i f f i c u l t y  i n  

a c h i e v i n g  t h i s  r e s u l t  was l i k e l y  t o  a r i s e  from t h e  requirement  t h a t  t h e  

measurement of t h e  m i s s i l e  range by t h e  r a d i o  range  system be improved 

i n  a c c u r a c y .  A t  t h e  same t ime,  t h e r e  a p p e a r e d  t o  be c o n s i d e r a b l e  

p r o b a b i l i t y  t h a t  t h e  accuracy  cou ld  be improved by b e t t e r  t r a c k i n g  and  

b e t t e r  smoothing of t h e  t r a c k i n g  d a t a .  
13 

(U) STEER System E v a l u a t i o n  

(U) The STEER command system d i d  n o t  l end  i t s e l f  t o  a l l - w e a t h e r  

o p e r a t i o n ,  b u t  a l l  LACROSSE systems r e q u i r e d  t h a t  t h e  forward o b s e r v e r  

a t  l e a s t  be a b l e  t o  s e e  t h e  t a r g e t .  For  n i g h t  o p e r a t i o n ,  i t  was 

presumed t h a t  t r a c k i n g  a  l i g h t  on t h e  m i s s i l e  would be p o s s i b l e .  

O p e r a t i o n  under low c e i l i n g  c o n d i t i o n s  would become p o s s i b l e  i n  t h e  

f u t u r e ,  w i t h  development of s m a l l ,  l i g h t w e i g h t  r a d a r  t r a c k i n g  heads  

o f  s u f f i c i e n t l y  h igh  accuracy .  On t h e  o t h e r  hand,  i t  was recognized  

t h a t  s u b s t i t u t i o n  of r a d a r  t r a c k i n g  c o u l d  r e s u l t  i n  lower accuracy  

compared t o  o p t i c a l  t echn iques .  P o s s i b i l i t i e s  f o r  a c c u r a c y  improvement 

e x i s t e d  i n  a u t o m a t i c  o p t i c a l  t r a c k i n g  and  i n  m o d i f i c a t i o n s  t o  t h e  system 

whereby t h e  observer  would feed  d a t a  t o  t h e  computer on ly  a t  t h e  t imes  

t h a t  h i s  t r a c k i n g  i s  good. The command guidance equipment used by t h e  

fo rward  o b s e r v e r  could  be kep t  t o  l e s s  t h a n  150 pounds. The range 

12.  (U) I b i d . ,  p .  8. 

13. (U) I b i d . ,  pp. 11-13. 
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f i n d e r  would have a  t o t a l  weight of abou t  200 pounds, i n c l u d i n g  i t s  

b a s e .  Both u n i t s  could  be broken up i n t o  s m a l l e r  packages f o r  e a s e  of 

t r a n s p o r t a t i o n .  

(U) One impor tan t  advan tage  of t h e  STEER system was t h a t  no warning 

of a t t a c k  would be  g iven  t h e  enemy by m o r t a r  f i r e  ( a s  r e q u i r e d  by t h e  

homing sys tem) .  T h e r e f o r e ,  t h e  forward o b s e r v e r  was l e s s  l i k e l y  t o  be 

s u b j e c t  t o  enemy c o u n t e r a c t i o n  whi le  pe r fo rming  t h e  o p e r a t i o n s  n e c e s s a r y  

t o  d e l i v e r  t h e  m i s s i l e .  The o p t i c a l  f e a t u r e s  of t h e  guidance sys tem 

would n o t  be v u l n e r a b l e  t o  jamming e x c e p t  by smoke s c r e e n s  o r  o t h e r  

means d e t r i m e n t a l  t o  enemy o p e r a t i o n s ,  w h i l e  t h e  r a d i o  command l i n k  and 

r a n g i n g  system cou ld  be made r e l a t i v e l y  j a m - r e s i s t a n t  f o r  t h e  few 

seconds of o p e r a t i o n  d u r i n g  f l i g h t  of t h e  m i s s i l e .  

( U )  The m a j o r i t y  of t h e  components and  t h e  t e c h n i c a l  knowledge 

r e q u i r e d  f o r  development of t h e  STEER system were e i t h e r  a l r e a d y  i n  

e x i s t e n c e  o r  a t t a i n a b l e  by a  moderate expans ion  of e x i s t i n g  t e c h n i q u e s .  

One p o s s i b l e  e x c e p t i o n  t o  t h i s  was t h e  r a d i o  range  measur ing u n i t  which 

r e q u i r e d  c o n s i d e r a b l e  improvement i n  a c c u r a c y .  A l o g i c a l  approach t o  

t h i s  improvement appeared t o  be a v a i l a b l e ,  and  w h i l e  i t  would neces-  

s a r i l y  i n v o l v e  c o n s i d e r a b l e  development,  i t  was n o t  of a  r a d i c a l  o r  

unknown n a t u r e .  Exper imental  i n f o r m a t i o n  showing t h a t  a  complete 

m i s s i l e  sys tem analogous t o  STEER had performed approx imate ly  a c c o r d i n g  

t o  LACROSSE s p e c i f i c a t i o n s  was a v a i l a b l e  i n  t h e  r e s u l t s  of t h e  HERMIT 

p r o j e c t  conducted by t h e  Army A i r  Forces  n e a r  t h e  end of World War 11. 

I n  t h e  HERMIT p r o j e c t ,  r a d i o  c o n t r o l l e d  a i r p l a n e s  were flown i n t o  ground 

t a r g e t s  on t h e  b a s i s  of o p t i c a l  t r a c k i n g  i n f o r m a t i o n  w i t h  miss d i s t a n c e s  

of o n l y  a  few f e e t .  Although t h e  o p t i c a l  t r a c k i n g  was done from two 

s t a t i o n s ,  t h e r e  was no reason  t o  s u s p e c t  t h a t  one s t a t i o n  could  n o t  be 

e l i m i n a t e d  i f  s u i t a b l e  range i n f o r m a t i o n  and  command computer could  be 

p rov ided .  
14 

(U) System Recommended f o r  Development 

(U) Based on t h e  r e s u l t s  of t h e  i n v e s t i g a t i o n  and e v a l u a t i o n  

14.  (U) I b i d .  , pp. 13- 14. - 



d e s c r i b e d  above,  Cor r6e l l  reccmmeded t ha' the  7 :EM ccmard  quidacce 

m i s s i l e  sys tem be developed fc r  LACROSS5 arid t h a t  a aim1 l a r  a l l - w e a t h e r  

(AWb system u s i n g  a  r a d a r  t r a c k e r  be d ~ v ? l c p i * ?  f L 2 r  LACROqSF AW o p e r a t i o n .  

The t s t a l  recommendr-d system i n c l ~ d c d  ai .  ~ p t l c a l  ranqe. f i v d e r  ( t w c - m ~ t e r  

base  l e n g t h ) ;  an  opt ic-a1 t r a c k i n g  s ight- :  m i = ~ i l e - t ~ - ~ b ~ ~ r r v e r  radic? range 

measur ing u n i t s ;  a  csmputsr ;  r a d i o  c-emmar r! zystern; and a  h i g h  sl lbscnic 

s p e ~ d  winged-type m i s s i l e  c a r r y i ~ . ~  a  5nf l -~nund  ~ h a p e d  cha rpe warhead. 

S i n c e  t h e  sys tem c n z t a i r i n g  t ' le r p t i c a l  t r ~ c k i r g  rqgi t :o~pld bc pjit i r t o  

opera  t i o p a l  use  more q ~ i r  k l v  th2:z t h a t  c v r t a i r l i n g  t h e  r a d a r  c r a c k i n g  

u n i t ,  i t  was cc~:cl,,ded t h a t  t h e  former v s t e m  sbc-l ld be developed a r d  

t e s t e d  and  t h e n  exterrdcd t~ i n c l c d e  the r a d a r  t r a c k i n g  feat: ;re.  
15 

(3) While a sn f  f l c i e r t l y  t h c s c ~ ~ g h  irBvc -r_i g a t  icn  had 1,-r b s ~ n  

p o s s i b l e  t o  p o s i t i v e l y  p r e c l z d c  thas. s.?me missile sysbcm might bc cw.- 

c e i v ~ d  which would 5e S e t t k r  t h a n  the JA::i?CCSE SZEPR system,  i t  war- 

b e l i e v e d  h i g h l y  imprcba5le t h a t  a r y  mcre e f f e c t i v e  syst?m c n  Id b i  

a c h i e v e d  w i t h i n  617.. same time and  c ~ s t  is t h ~ .  c3rre~t .  2tat.c -.f t h e  

guided m i s s i l e  a r t .  7hc 7.Ia.k I i r v ~ a t i g a t i ~ z  .Jas d e l i b s r a t e l y  l i m i t e d  

t o  chose systems t h a t  pccvlc:s wcrk s h ~ w e d  t ?  br t h e  most premising, t h e  

c b j e c t  b e i n g  t o  f ir id a  s;:stirn--th>~ch 2:ot r e c = s s a s i l p  t h e  ~ S Q P  pos.; ible 

system-which cou ld  SE develzped t c  mesr c r  cxcccd LACXOSSF a p ~ c i f i -  

c a t i o n s .  S i n c c  t h e  STEER comma~.d sys tem a p p e a r e d  tc meet. :hi5 r c q ~ ~ l r e -  

mcnt, C c r n e l l  c o n c l ~ d e d  t h a t  dzvelopme-* ~ h : ~ l d  be c~3rnm;nc~d immediate ly ,  

r a t h e r  t h a n  s e a r c h  f u r t h e r  £3: an  i d ~ a l  s j a t e m .  1 6  

15. (7:) . : : ,bid,:  p ,  2 7 .  Alsc soe 5:r:lvar 3cpr -5E- f .3>-$ - ;2 ,  2 C-i t . ,  
p .  15. 



PROPOSED LACROSSE PROGRAM SCHEDULE 

FISCAL 1 9 5 1  
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AIRPLANE FL IOHT TEST. I 
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SOURCE: CAL R e p o r t  Nr. BE-635-S-2, 22 M a r  50. 
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t o  t h e  r e s o l u t i o n  of known problem a r e a s .  I n  e s t a b l i s h i n g  t h e  proposed 

program s c h e d u l e ,  C o r n e l l  made no a l lowance  f o r  such  c o n t i n g e n c i e s  a s  

u n f o r e s e e n  development d i f f i c u l t i e s ,  c o n t r a c t u a l  d e l a y s ,  and  budge ta ry  

l i m i t a t i o n s ,  bu t  s t a t e d  t h a t  t h e s e  f a c t o r s  cou ld  " e a s i l y  ex tend  t h e  t ime 

s c a l e  by one t o  t h r e e  y e a r s .  " l7 With t h e  proposed development program 
18 

was a n  i t e m i z e d  c o s t  e s t i m a t e  of  $460,000 f o r  f i r s t - y e a r  (PY 1951) e f f o r t .  

(U) L a t e r  developments proved t h i s  e a r l y  p l a n  t o  be o v e r l y  o p t i -  

m i s t i c .  Funds s p e n t  f o r  FY 1951 e f f o r t  n e a r l y  doubled t h e  e s t i m a t e d  
* 

c o s t ,  t h e  t o t a l  e x p e n d i t u r e  amounting t o  some $800,000.  The t h r e e - y e a r  

p e r i o d  e n v i s i o n e d  f o r  t h e  LACROSSE R&D program a l s o  doub led ,  c h i e f l y  

because  of  fund ing  d e f i c i e n c i e s ,  c c n t i n u i n g  t e c h n i c a l  d i f f i c u l t i e s ,  and 

d e l a y  i n  p h a s i n g  i n  t h e  p r o d u c t i o n  c o n t r a c . t o r .  These a s p e c t s  of t h e  

program a r e  t r e a t e d  i n  a  l a t e r  c h a p t e r .  

(U) LACROSSE P r o j e c t  Assigned t o  t h e  Army 

(U) L a t e  i n  1949, w h i l e  t h e  second LACROSSE s t u d y  was s t i l l  i n  

p r o g r e s s ,  t h e  J o i n t  C h i e f s  of  S t a f f  (JCS) l a i d  down a  new p o l i c y  

govern ing  t h e  development and use  of  guided m i s s i l e s  by t h e  armed 

s e r v i c e s .  As a  g e n e r a l  r u l e ,  guided m i s s i l e s  were t o  be employed by 

e a c h  armed s e r v i c e  i n  t h e  manner and t o  t h e  e x t e n t  n e c e s s a r y  t o  

accompl i sh  i t s  a s s i g n e d  m i s s i o n ,  and e a c h  s e r v i c e  would be  a u t h o r i z e d  

t o  deve lop  i t s  own weapons. Under t h i s  p o l i c y ,  Army Ordnance was 

a s s i g n e d  r e s p o n s i b i l i t y  f o r  a n t i a i r c r a f t  gu ided  m i s s i l e s  and f o r  ground- 

launched,  s h o r t - r a n g e ,  s u r f a c e - t o - s u r f a c e  guided m i s s i l e s  s u p p l a n t i n g  o r  

e x t e n d i n g  t h e  c a p a b i l i t i e s  of  c o n v e n t i o n a l  a r t i l l e r y .  l9 The LACROSSE 

* (U) Navy funds  s p e n t  i n  t h e  t h r e e  p r i o r  y e a r s  (PY 1948- 50) amounted t o  
$410,000,  making a  t o t a l  c o n t r a c t  c o s t  of  $1,210,000 th rough  FY 1951. 

1 7 .  (U) Donovan Rept BE-635-S-2, op.  c i t . ,  p .  16 .  

1 8 .  (U) I b i d . ,  pp.  15-17.  For  f u l l  t e x t  of  t h e  sugges ted  deve lop-  
ment program, s e e  e x t r a c . t  from r e p t ,  Document 2 .  

19.  (U) 3CS Memo 1620112 f o r  S e c r e t a r y  of  Defense ,  17 Nov 49,  s u b j  
"Assignment o f  R e s p o r . s i b i l i t y  f o r  Guided M i s s i l e s  , I t  c i t e d  i n  Repor t  o f  
Army F i e l d  Forces  (AFF) 3oard  No. 4 ,  P r o j e c t  No. GM-350: 3 O c t  50, 
" M i l i t a r y  C h a r a c t e r i s t i c s  f o r  S u r f a c e - t o - S u r f a c e  M i s s i l e s . "  Also s e e  
DA Pamphlet  70- 10 ,  "Chrono log ica l  H i s t o r y  of Army A c t i v i t i e s  i n  t h e  
M i s s i l e / S a t e l l i t e  F i e l d ,  1943-1958," Sep 58,  p .  23. 



p r o j e c t - t h e n  sponsored by t h e  Navy-fell  i n  t h e  l a t t e r  c a t e g o r y .  

(U) S h o r t l y  a f t e r  C o r n e l l  f i n i s h e d  t h e  Task I e f f o r t  i n  March 1950, 

t h e  J o i n t  C h i e f s  of S t a f f  recommended t h a t  t h e  LACROSSE p r o j e c t  be 

t r a n s f e r r e d  from t h e  Navy t o  t h e  Department o f  t h e  Army (DA). The 

S e c r e t a r y  of Defense approved t h e  t r a n s f e r  e a r l y  i n  August 1950 and t h e  

p r o j e c t  was f o r m a l l y  a s s i g n e d  t o  Army Ordnance on August 3 1 s t .  Research 

and development (R&D) e f f o r t  was t o  be c o n t i n u e d  w i t h  t h e  view of  pro-  

d u c i n g  " a s  e a r l y  a s  p o s s i b l e i i  a  t a c t i c a l l y  a c c e p t a b l e  m i s s i l e  sys tem f o r  

employment i n  c l o s e  suppor t  o f  amphibious  a n d / o r  ground o p e r a t i o n s .  The 

program was a s s i g n e d  a  DA p r i o r i t y  of 1B and d e s i g n a t e d  a s  P r o j e c t  

TU1-2001 (DOA Number 516-05-003).  
2  0  

(U)  Meanwhile, t h e  Korean War e r u p t e d  i n  June 1950 and American 

t r o o p s  were committed t o  t h e  b a t t l e f i e l d  w i t h  outmoded weapons of World 

War 11. B a r e l y  f o u r  months e a r l i e r ,  S e n a t o r  Lyndon B. Johnson (D-Tex.) 

had warned t h a t  t h e  Uni ted S t a t e s  was f a r  behind Russ ia  i n  deve lop ing  

modern weapons and demanded a n  immediate review of t h e  e n t i r e  r o c k e t  

r e s e a r c h  program, e i t h e r  by t h e  Secre . t a ry  o f  Defense  "or i f  n e c e s s a r y  

by Congress ."  P o i n t i n g  o u t  t h a t  t h e  b u l k  of d e f e n s e  spend ing ,  f i v e  y e a r s  

a f t e r  World War 11, was " s t i l l  going f o r  weapons o r i g i n a l l y  des igned  t o  

h e l p  u s  win t h e  war," h e  d e c l a r e d :  

. . .  We must n o t  t i e  our  f u t u r e  s e c u r i t y  t o  o u r  p a s t  s u c c e s s e s .  

I f  guided m i s s i l e  w a r f a r e  shou ld  b e g i n  w i t h i n  t h e  n e x t  
two o r  t h r e e  y e a r s ,  we-at o u r  p r e s e n t  rate-would be ve ry  
f e e b l e  p a r t i c i p a n t s .  For  a  push-bu t ton  war ,  we have n e i t h e r  
t h e  push n o r  t h e  b u t t o n . 2 1  

(U) S e n a t o r  ~ o h n s o n ' s  o b s e r v a t i o n  was p rofoundly  a c c u r a t e ,  f o r  

American p a r t i c i p a t i o n  i n  t h e  Korean a c t i o n  was indeed f e e b l e .  The 

s h o r t - r a n g e  a r t i l l e r y  r o c k e t s  and guided m i s s i l e s  which could  have 

comple te ly  t r ans formed  t h e  f i g h t i n g  i n  Korea were s t i l l  i n  s c a l e  models,  

i n  p r o t o t y p e  s t a g e ,  o r  on t h e  drawing b o a r d s .  With t h e  postwar 

-- 

20. (U) Ordnance T e c h n i c a l  Committee Meet ing (OTCM) I t em 33399, 
3 1  Aug 50,  " S u r f a c e - t o - S u r f a c e  Guided M i s s i l e  (LACROSSE). " 

21.  (U) Quoted i n  The H u n t s v i l l e  Times, 14 Feb 50.  



r e d u c t i o n s  i n  m i l i t a r y  spending,  t h e  m i s s i l e  program simply had t a k e n  

a  back s e a t  t o  t h e  l e s s  expens ive  c o n v e n t i o n a l  weapon programs and 

remained a  minor ,  a l m o s t  obscure  i t em i n  t h e  d e f e n s e  budge t .  But i n  t h e  

wake of  t h e  Korean emergency, R e p r e s e n t a t i v e  C a r l  Vinson (D-'a.) ended 

t h e  p a r t i s a n  f i g h t  over  de fense  r e d u c t i o n s  and  won a  s t a n d i n g  o v a t i o n  

when he d e c l a r e d :  "Our g r e a t  need r i g h t  now i s  t o  g e t  t h e  ox o u t  of  t h e  

d i t c h - n o t  t o  spend a  l o t  of  t ime and e f f o r t  t r y i n g  t o  f i n d  o u t  who 

pushed him i n .  1,22 

( U )  I n t e r i m  Army LACROSSE Program 

(U) With t h e  impetus t h u s  spa rked  by t h e  Korean emergency, Army 

Ordnance moved o u t  on t h e  LACROSSE p r o j e c t  and s t a r t e d  a n  i n t e r i m  pro-  

gram a t  C o r n e l l  i n  J u l y  1950, some 30 days  b e f o r e  t h e  t r a n s f e r  was 

f o r m a l l y  e f f e c t e d .  
2  3  

(U) Th i s  i n t e r i m  Army program was p r i m a r i l y  concerned w i t h  f u r t h e r  

i n v e s t i g a t i o n  of  t h e  STEER guidance sys tem s e l e c t e d  i n  t h e  p r e v i o u s  

s t u d y  and  development of  t h e  command computer ,  o p t i c a l  t r a c k e r ,  and 

r a d i o  l i n k  th rough  t h e  breadboard s t a g e .  Work performed under  t h e  

i n t e r i m  c o n t r a c t  g e n e r a l l y  r e a f f i r m e d  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  t h e  

LACROSSE sys tem,  p a r t i c ~ l a r l y  w i t h  r e s p e c t  t o  t h e  t h r e e  key guidance 

components, which were developed th rcugh  t h e  b readboard  s t a g e .  C o r n e l l  

t h e r e f o r e  recommended t h a t  Ordnance c o n t i n u e  t h e  LACROSSE p r o j e c t  and 

t h a t  " f u l l  e f f o r t  be  a p p l i e d  t o  t h e  development of  a  p r o t o t y p e  m i s s i l e  

sys tem based  on t h e  STEER a r d  STEER-1 c o n c e p t s . "  24 The b a s i c  STEER 

gu idance  sys tem would use  t h e  o p t i c a l  t r a c k i n g  s i g h t  f o r  f a i r  weather  

22. (U) Q w t e d  i n  The ~ e a d e r ' s  D i g e s t ,  Mar 61,  p .  132. 

23.  (Uj C o n t r a c t  DA-30- 115-ORD- 11 was i n i t i a l l y  awarded f o r  
475,595.50 and  ex tended  t h r 1 ~  10 Mar 51.  T h i s  d a t e  was l a t e r  moved cp 
t o  15 Feb 51 by Supplemental  Agreement N r .  1, a n d  t h e  c o s t  was reduced 
by $1,180.12 under  Agreeirient Nr. 2 ,  l e a v i n g  a  b a s i c  c o n t r a c t  t o t a l  of  
$74 ,415 .38 .  T e c h n i c a l  Repor t ,  "Ordnance Cuided M i s s i l e  & Rocket Pro-  
grams, Vol.  VI - LACROSSE," i n c e p t i o n  t h r u  30 Jun 55,  p .  81 .  (Th i s  
document h e r e i n a f t e r  c i t e d  a s  "LACROSSE Blue Book.") 

24 .  (U') Ahlir . ,  A . ,  "Scmmary Repor t  P r o j e c t  LACROSSE," CAI, Rept N r .  
BE-712-S-1, 15 Feb 51, p.  33 ,  RSIC. 



o p e r a t i o n ,  w h i l e  t h e  STEER-1 would employ a  r a d a r  t r a c k i n g  head f o r  

a l l - w e a t h e r  o p e r a t i o n .  2  5  

3 F o r m 1  Development C o n t r a c t  Awarded 

(U) Having t h u s  r e a f f i r m e d  t h e  f e a s i b i l i t y  of t h e  proposed guidance 

scheme, Ordnance o f f i c i a l s  dec ided  t o  c o n t i n u e  LACROSSE system develop-  

ment w i t h  t h e  C o r n e l l  A e r o n a u t i c a l  L a b o r a t o r y ,  I n c . ,  a s  prime R6D con- 

t r a c t o r .  Ac tua l  development work was i n i t i a t e d  e a r l y  i n  February 1951 

by L e t t e r  Order  Cont rac t  DA-30-115-Om-47, which was l a t e r  d e f i n i t i z e d  

on a  c o s t - p l u s - £  i x e d - f e e  (CPFF) b a s i s .  
2  6  

(U) During t h i s  fo rmat ive  p e r i o d ,  from September 1947 t o  February 

1951, t h e  LACROSSE had p r o g r e s s e d  from a  mere i d e a  on paper ,  t o  e x t e n s i v e  

s t u d i e s  and e v a l u a t i o n s ,  t h e n c e  t o  a  b r i e f  pre-development e f f o r t  which 

r e a f f i r m e d  t h e  t a c t i c a l  f e a s i b i l i t y  of t h e  proposed guidance scheme. 

Ct /pl A rev iew of t h e  reams of paperwork and  voluminous r e p o r t s  

g e n e r a t e d  i n  t h e  e n s u i n g  decade r e f l e c t s  a  modera te ly  s u c c e s s f u l  bu t  

c o s t l y  development and  p r o d u c t i o n  program which managed t o  s u r v i v e  many 

t e c h n i c a l  a n d  a d m i n i s t r a t i v e  c r i s e s .  Throughout t h e  e i g h t  and a  h a l f  

y e a r s  p r e c e d i n g  system development,  t h e  LACROSSE program was c h a r a c t e r -  

i z e d  by f u n d i n g  r e s t r i c t i o n s ,  unsolved t e c h n i c a l  problems,  schedu le  

s l i p p a g e s ,  i n c r e a s i n g  c o n t r a c t o r  c o s t s ,  mounting u s e r  c r i t i c i s m ,  and 

g r a d u a l  l o s s  of conf idence  i n  t h e  LACROSSE system a s  a  t a c t i c a l l y  u s e f u l  

weapon. 

,& Although t h e  LACROSSE I m i s s i l e  sys tem f a i l e d  t o  meet a l l  t h e  

c r i t e r i a  f o r  a  complete ly  r e l i a b l e ,  f  i e ld -wor thy  weapon, i t  was f i n a l l y  

a c c e p t e d  f o r  i n t e r i m  Army u s e  i n  J u l y  1959, pending a v a i l a b i l i t y  o f  t h e  

25. (U) I b i d . ,  p .  4 .  A g e n e r a l  o u t l i n e  of recommendations made 
t o  OCO i s  p r e s e n t e d  i n  Document 3 .  

26. (U) L e t t e r ,  Roches te r  Ordnance D i s t r i c t  t o  CAL, r e  L e t t e r  
Order  C o n t r a c t  No. DA-30-115-ORD-47, RAD Order No. ORDTU-1-12833, 
5  Feb 51 ;  and  LACROSSE Blue Book, op .  c i t . ,  p .  12 .  



w i t h  t h e  LACPWSSE I ( a t  2r.e t lmc n m m e r i z g  o v e r  100) we:? n e i t h e r  n e w  nor  

s u r p r i s i c g , ,  f o r  they were d i r e c t l y  r e l a t s d  t c ,  o r  stsmmed from, t h ?  

o r i g i n a l  d e s i g n  concep t s  which t i r 2 e d  o i ~ t  t o  be? much msre complex, t ime- 

cmsumlng ,  and expensive t h a ~  i n i t i a l l y  an:lcipa t e d .  The A n y  had 

a l r e a d y  i n v e s t e d  some $325 mi l l io ; . ,  i n  t.h2 LAZTOSSE, ar.d raeedrd a n  

e d d i t i o n a l  $ 6 6 . 1  mi lx io r  t o  c o r r e c t  z x i ~ t i n g  deficiencies an6 s a t i s f v  

a l l  sa f e t y  and  r e l i a b i l i t y  r e q ~ i r ~ m e ~ ~ t s .  

f e t ,  t h e  MOD 1 deve1c;pmnt prvjram--which had a l r e a d y  cost. over  * - 
$11.4  m i l l i o n  and w'ni~hr w i ~ l d  p r ~ \ r i d r d  a  weapon a c c e p t a b l e  t o  b l t i  

t h e  Army and Farirne Corps-xas ca r -ce l l -d  by 3 A  S t s f f  i n  Aisgust 1953, 

s h o r t l y  a f t e r  LACROSSE I deplc;rrner,t. This d e c i o i a n  l ed  t o  t h e  immediate 

v i t h d r a w a l  o f  Nar ine  Corps suppor t  a n d  l a t e r  t o  a  "k1l.i a r  cure" 

~ p e - a  t ion  which l e f t  t h e  LACRCSS3 yr:;u-am C - i r ,  a  r e d ~ ~ e d - s  t r e r i g t h ,  b v y - c * ~ t ,  

termina 1  s t a t u s .  Army LAC.TCSSE ~ i .  its depl:.. :d i n  t 5 ~  ~ ; m t i n e n t a  1 c n i t e d  

S r a t 3 s  and o v e r s s a s  were t h z s  s t u c k  wich a n  i r L t c r i v ?  a Z m i t t e d l y  

d e f i c i e n t ,  and p c t e n t i a l l y  d e 2 ~ e r c ~ s  weapxi which t h e  a r i g i n a l  custcmer  

(U. S .  Marine Cqrpn) r2f:zed t c  a c c e p t .  

( '2 )  T;, answer a l l  Lh.- bh::--,y q1.i.-3stim.a O ? J V ~ S : L S ~ ~  evoked by t h e  

f o r e g o i n g  b r i e f  would b s  ex t remely  d i f f i c u l t  , i f  r .z i t  dcwnright  imposs ib le .  
- rn  the  succeed ing  c h a p t ~ z s  of t h i s  s t u d y ,  a n  a t t empt  i s  made t o  cover  a s  

m n y  of  t h e  c r u c i a l  iss:ies a s  p a z s i b l e  w i t h i ?  t h e  bc:..rrds of t ime and  

a v a i l a b l e  ~ v i d e n c e .  ']:he brnad t c p i c s  of sys tem d e v ~ l a p m e n t ,  p r o d u c L i m ,  

and dep1o;rment w i l l  be t r e a t e d  ir. sequc;!ce a f  r.er f i r s t  c c ~ s i d e r i n g  t h e  

organizat: iun arid managemer!c c s - x e p t s  xsed F 2  prJsec:tion cf t h e  program. 

-7 
- -- - -- -- -. J2d ECJ2LFICATIr)\ i s r  K.CD . %a; t h e  d e s i g r a  t i c ~ .  f ? r  a  r a d i c a l l y  

d i f f e r e r - t  gd ida3cs  s ; - ? t 2 m  d t l s i ~ n e d  r s d e c r e a s e  LACROSSE ' S  

vrlllr ~ r a b i l i t y  t 21 e x m v  c c m  te--me2 c - c e s  a.sd de t e c t i  m, arrd t o  p r3v ide  
m : l t i p l e  u s e  c a p e b i l i t i e s .  



4 
11. # PROGRAM ORGANIZATION AND MANAGEMENT (U) 

(U) The complicat ions t h a t  thwarted t h e  M e l y  execut ion  of t h e  

LACROSSE program stemmed p a r t l y  from t h e  cont inu ing  t e c h n i c a l  problems, 

most of which had been recognized and c l e a r l y  i d e n t i f i e d  i n  t h e  f e a s i -  

b i l i t y  s tudy  phase. But t h e r e  were o t h e r  d e t e r r i n g  in f luences  t h a t  

probably had an even g r e a t e r  impact on t h e  o v e r - a l l  program. Among 

t h e s e  were v a c i l l a t i n g  f i n a n c i a l  suppor t ,  u n r e a l i s t i c  program planning,  

i n d e c i s i o n  a t  t op  management l e v e l s ,  and inadequate  c o n t r o l  and super -  

v i s i o n  of  product ion engineer ing e f f o r t  du r ing  t h e  t r a n s i t i o n  per iod .  

& Contract  Philosophy (u)  

(U) Since t h e  i ncep t ion  of i t s  rocke t  and guided m i s s i l e  program, 

Army Ordnance had depended upon American i n d u s t r y  t o  perform t h e  bulk 

of R&D work, r a t h e r  than bu i ld  and s t a f f  new l a b o r a t o r i e s  of i t s  own. 

Normally, t h e  po l i cy  was t o  c o n t r a c t  an e n t i r e  weapon system program 

w i t h  a  prime c o n t r a c t o r ,  one no t  on ly  w i l l i n g  and a b l e  t o  develop the  

system, but  a l s o  capable  of i n i t i a l  p roduct ion .  The prime c o n t r a c t o r ,  

i n  t u r n ,  was f r e e  t o  subcont rac t  a s  much of  t h e  work a s  considered 

neces sa ry ,  but t h e r e  was one o rgan iza t ion  t h a t  could be he ld  respons ib le -  

one f i r m  t o  p r a i s e  o r  t o  blame. This  "system con t r ac t "  philosophy was 

f i r s t  appl ied  w i t h  unqual i f ied  success  t o  t h e  NIKE AJAX Guided M i s s i l e  

program i n  September 1945, and l a t e r  t o  o t h e r  major programs such a s  

t h e  NIKE HERCULES and HAWK weapon systems. 

(U) But t h e  circumstances surrounding t h e  LACROSSE program 

d i c t a t e d  a  rad;t*departure from t h e  t r i e d  and proved "system con t r ac t "  

phi losophy,  i n  t h a t  the  con t r ac to r  s e l e c t e d  t o  develop t h e  system had 

no product ion c a p a b i l i t y .  It was t hus  necessary  t o  use t h e  a l t e r n a t e  

and less d e s i r a b l e  "co-contractor"  method, wherein t h e  system c o n t r a c t  

r e s p o n s i b i l i t y  was s p l i t  between two prime c o n t r a c t o r s ,  one being 

charged w i t h  system development and t h e  o t h e r  w i t h  i n i t i a l  product ion.  

Even under i d e a l  programming cond i t i ons ,  c e r t a i n  i n t e r f a c e  problems 

and some d u p l i c a t i o n  of e f f o r t  were i n e v i t a b l e .  A s  w i l l  be noted i n  

more d e t a i l  l a t e r ,  t he  programing  cond i t i ons  f o r  LACROSSE were some- 

t h i n g  l e s s  than " idea l . "  I n t e r f a c e  problems abounded; d u p l i c a t i o n  of 



e f f o r t  was c l e a r l y  e x c e s s i v e ;  program c v s t  t r e n d s  t u r n e d  s h a r p l y  upward; 

and s c h e d u l e  s l i p p a g e s  were soon a  m a t t e r  c f  f a c t .  The l e s s a n s  l e a r n e d  

f r ~ m  t h i s  c o - c o n t r a c t a r  e x p e r i e n s e  w i t 5  L4ZROSSE [ s r d  s i m i i s r  e x p e r i e n c e  

i n  t h e  SERGEAPX p r  3gram) were almc; t a s  rtlmcroi?s a s  they  were experrsive.  

Summing up t h e  s i t u a t i o n  i n  a n  impeccable  ~ n d e r s t a t e m e n t ,  t5e A R G M  

Commander l a t e r  avowed: "Oar e x p c ~ r i e n c e  ha; i n d i c a t e d  t h a ~  t h i s  (co-  

c o n t r a c t o r )  appr3ach i s  n o t  g e 2 e r a l l y  d e 2 i r a b l 3  and we do n o t  i n t e c d  t o  

use  i t  i n  t h e  f a t a r e .  , I 1  

('b;) L i t t l e  i s  kncwn a b ~ z t  t h e  , : r i t e r i a  used by O r d f i a x e  i~ s e l e c t i n g  

t h e  R&D c s n t r a c t 2 r ,  b u t  i t  i s  f a i r l y  o b v i ~ l j ;  t h a t  t h e  Cor reZl  Aeror.si?t ical  

Labora to ry  r e p r e s e n t e d  t h e  m l y  l o g i - a 1  ch-s i se .  I n  a d d i t l : n  t a  a  w e l l -  
* 

e s t a b l i s h e d  r e p u t a t i l - n  i n  a e r c ~ a v t l i c a ?  r e s e a r c h ,  C o r n e l l  had been ertgaged 

i n  s t u d i e s  o f  t h e  LACROSSE problem s i w e  i r c e p t i o n  o f  t h e  program i? 

September 1947.  Thaugh p r i m a r i l y  a n  R&D l a b a r a t o r y ,  i t  d i d  have a  i i m i t e d  

c a p a c i t y  f o r  p r o d x t  d e s i g n  and f a b r i c a t i c :  a s  r e q u i r e d  t o  f o r m a l i z e  

d e s i g n s  o r  condu-t  c r i t i c a l  e x p e r i m e n ~ s  to derccna t ra te  t k e  f e a s i b i l i t y  

of a  sys tem.  The f a c t  t h a t  C o r n e l l  was net equ ipped  f o r  f u l l - s c a l e  

p r o d o c t i o n  d i d  c m s t i t n t c  a  d i s t i n ~ t  d i s a d v a n t a g e ,  b u t  t h i s ,  i n  and c f  

i t s e l f ,  was n o t  t h e  r e a l  s o z r c e  of  t r o u b l e  t h a t  l a t e r  b e s e t  t h e  prcgram. 

(3) I n  p r ~ v i n g  t k e  f e a s i b i l i t y  c f  t h e  LACROSSE syacem, i t  was 

c c c e s s a r y  t o  e s t a b l i s h  =he a c c z r a c y  ts which t h e  m i s s i l e  c . u l d  be g ~ i d e d .  

To d e m o n s t r a t e  t h i s  p c i n t ,  a s  w e l l  a a  nxrcerms o ~ h e r  c r i t i c a l  a r e a s ,  

C e r n e l l  had t o  prcduce w e l l  developed i t e m s  a f  s p e c i a l  equipment acd 

condcc t  r a t h e r  e x t e x i v e  f i e i d  t e s t s .  It was t h e r e f o r e  d e e p l y  invo lved  

i n  t h e  d e t a i l  d e s i g n  of equipment and had a  sonswhat more e x t e n s i v e  back- 

groend i n  LACROSSE t b n  might be  c o n s i d e r e d  normal f o r  a  r e s e a r c h  

l a b o r a t o r y .  Ts a s s l l r e  a  smo2th b u t  r a p i d  t r a r r s i c i o n  from development t o  

p i l o L  p r o d u c t i o r ,  i: was t?x; e s s e ~ t i a l  th t  a  q E a l i f i e d  c 3 - c o a t r a c t o r  

1. (U) S p e c k  (Macaging a M a j ~ r  M i s s i l e  System R&D P r ~ g r a m )  by Co l  
SJ'.T 2 .  Z i e r d t ,  ARCMA Comdr, rr, :k D9D Researz5. and E r g i l e r r i n g  P G l i i y  
CL:,.l:ii 6 -8  J-12 60 M e e t i ~ g ,  P t .  M c r ~ r x ,  Va. 



' be phased into the program at a sufficiently early date to participate 

in the actual R&D design and selection of subsystems making up the 

tactical LACROSSE system. 2 

Y 
Early in 1953-a full year before design of the tactical 

LACROSSE system was initiated-OCO-ORDTU asked Cornell to prepare a plan 

for phasing in a co-contractor with R&D capabilities as well as produc- 

tion know-how and potential for possible future industrial contracts. 

In the schedule submitted on 15 April 1953, Cornell recowended that 

the co-contractor be selected and phased into the program by January 

1954, in order to assume complete technical responsibility far the system 

by January 1956.~ But austere funding in 1953 interfered with this plan. 

Implementing action was not initiated until April 1954, and phase-in of 

the co-contractor was delayed until early 1955. 
c( 

@$ Following a survey of prospective contractors, the Glenn L. 

Martin Company was approved as the LACROSSE R&D co-contractor and 

Ordnance was authorized to proceed with contract negotiations in 

January 1955. By the end of June 1955, the Martin Company had been 

awarded three CPFF contracts for a total of $13,692,643, including a 

fixed fee of $951,850. One was a small R&D contract ($699,982), signed 

on 1 April 1955, which called for design, fabrication, testing, and 

evaluation of the LACROSSE missile system through 31 December 1955. 

The other two were large industrial contracts signed on 31 May and 1 
4 

June 1955, respectively. (The final weapon system contract structure 

is depicted in the accompanying charts.) 

(4 
@ Meanwhile, Cornell started work on the tactical LACROSSE I 

system during the early part of 1954, as planned. By the time the 

co-contractor was named in the spring of 1955, Cornell had essentially 

completed the design of the tactical model and had successfully 

2. (U) Sacher, R. E., "Project LACROSSE - Final Report (ORD 47)," 
CAL Rept Nr. BE-745-T-149, 30 Jan 60, p. 212, RSIC. 

3. (U) LACROSSE Blue Book, op. cit . , pp. 12- 13. 
4. (U) Ibid., pp. 13, 82, 83. 
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demonstrated system f e a c i b l l i ~ y .  This delzqy is s e l c r t i s n  cf  the  produc- 

t i o n  c m t r a c t o r ,  c g ~ p l e d  wi th  the lazk of adequate cuntrc"1 over Mar t inf  E 

i n i t i a l  p r o d c c t i m  engirieerir-g 2f f c r t  , x l t i t ~ r a l l y  l t d  t o  excess ive  d u p l i -  

c a t i o n  nf e f f o r t ,  S P - ~ ~ C U S  weap2:a system d e f ~ c i e 3 c i e s ,  a:ad z t k r  a s s s r t e d  

program complicat ions.  The s w r s e  a f  the  t r ~ ; b l e  1 s  very a p t l y  descr ibed 

i n  t he  f s l lowing  excerp t  frc.m a Cxnc lZ  rep.-:rt: 

It  i s  bel ieved . . . t h a t  the  ec:fl--c;:-trsezsr should 
hsve been s e l e c t e d  e a r l i e r ,  parhaps i= the  s p r i 2 g  c f  1954 
whez the  LACROSSE I dezign wa: i n l t l ~ t e d .  This  w o ~ ~ l d  hsve 
proved mutaal ly  advaneagec-,:; t . ~  GAL aryd Mart iz .  The Mart in  
Camparry engineers  woLrld hsve had sr, -.pport->:?it>- tt:! p a r t i s i -  
pa te  i n  the  R&D e f f a r t  t h a t  went i:~t; thc  des ign  and s e l e c -  
t i o n  of the sabsystems t h a t  make up t b e  LACROSPE I m i s s i l e  
system. A t  t he  same time CAL e z g i n e ~ r s  wcn21d have had an 
oppor tuni ty  t o  b e n e f i t  frrm the  p r ~ ~ d 1 : ~ : i o ~  kz3w-how of The 
Mart in  C m p a ~ y .  Mcch G£ t h ~  d n p l i x s t i o n  c f  e f f c r t  t h a t  has 
occurred during the prcgram c:,-:ld have been a ia ided . '  
(Jnder  l i n e  suppl ied .) 

9 The end r e s a l t  was t h a t  Parti;, c:.ldrrtl;timsted t5t msgcit;rde of 

t he  product ion engineering e f f o r t  required. Its i ~ ~ i t i a l  p rsdc- t ion  

propcsa l  f a i l e d  t a  cover t k  czap lc t e  prcblsm, but  only ezvis icned the  

copying of equipmelt f ab r i ca t zd  by C m - e l l  i ~ ~ d i r  the  R&D prcgrsm. The 

job of product ion engineerf-g t u r x d  c t ~ t  t; bc mu;? g r e a t e r  t h m  

a n t i c i p a t e d ,  and Martin was caxght withcut  an a d e q ~ s t e  erigincerizg 

s t a f f  t o  do the  wcrk. M a r t i i , ' ~  el;gir,e;;r:: then  went: tv,;erbcard i n  the 
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Consequently,  Mart in  l i s t e n e d  t o  Corne l l  i n  work performed under t h e  R&D 

c o n t r a c t  and d id  most of t h e  r edes ign  work under t he  product ion engineer -  

ing  c o n t r a c t  wi thout  C o r n e l l ' s  advice  and guidance.  To f u r t h e r  compli- 

c a t e  m a t t e r s ,  t h e  LACROSSE p r o j e c t  was she lved  i n  FY 1957, then r e i n -  

s t a t e d  i n  1958 without  funds f o r  p roduct ion  engineer ing .  
6 

(U) The untenable  s i t u a t i o n  which thus  developed was l a r g e l y  

r e spons ib l e  f o r  t h e  equipment d e f i c i e n c i e s  f i e l d e d  w i t h  t h e  LACROSSE I 

system i n  J u l y  1959. It a l s o  caused much apprehension-and probably a  

few ulcers-among management personnel  a t  a l l  eche lons .  

(U) I n  summary, t h e  co -con t r ac to r  approach d i d  no t  prove "genera l ly  

d e s i r a b l e "  i n  t h e  LACROSSE program, but  n e i t h e r  could it be blamed f o r  

eve ry th ing  t h a t  went wrong. On t h e  c o n t r a r y ,  t he  most damaging i n f l u -  

ences  stemmed not  from t h e  c o n t r a c t i n g  method, bu t  from c e r t a i n  s h o r t -  

comings on t h e  p a r t  of t h e  Government i t s e l f .  Perhaps t h e  most 

s i n g u l a r l y  damaging inf luence  was t he  " s t o p - s t a r t "  funding philosophy 

which not  only increased  the  o v e r - a l l  program c o s t s ,  but  a l s o  prevented 

r e a l i s t i c  planning and delayed d e l i v e r y  of  o p e r a t i o n a l  equipment. Also 

having an adverse a f f e c t  on t h e  program was t h e  c o n t r a c t u a l  omission 

t h a t  precluded e f f e c t i v e  c o n t r o l  of t h e  r edes ign  e f f o r t .  These compromis- 

ing  c o n d i t i o n s ,  combined w i t h  t h e  b u i l t - i n  weaknesses of t h e  co-cont rac tor  

concept ,  presented a  formidable cha l lenge  throughout  t h e  Army's management 

s t r u c t u r e .  

(U) Pol icy  and R e s p o n s i b i l i t y  

(U) I n t r o d u c t i o n  

(U) A t  t he  time of t h e  LACROSSE t r a n s f e r  i n  1950, t h e  Army Ordnance 

m i s s i l e  program was ope ra t i ng  a t  a  r e l a t i v e l y  low l e v e l .  The Army had 

s t a r t e d  w i t h  one p r o j e c t  i n  1944, and by 1945 had expanded t o  f i v e .  By 

1950, t h e  number of programs had been reduced t o  f o u r ,  including t h r e e  

weapons and four  t e s t  v e h i c l e s ,  which t h e  Army was support ing a t  an 

6 .  (U) ARGMA H i s t  Summary, 1 Jan  59/31 Dec 59, pp. 136-38; and 
LACROSSE Blue Book, op. c i t . ,  pp. 82-83. 



7 anr.iJal c o s t  o f  about  $36 m i l l i o n .  Techr. ica1 c o n t r a 1  and s a p e r v i s i b n  o f  

t h e s e  few R&D p r o j e c t s  had been perfsrmed by an o r g a n i z a t i o n  c e n t r a l i z e d  

i n  t ? ~  Q f f i c e ,  Chief of O r d ~ a c c e .  E:tt t ; ~ e  r a p i d  e x p a x i o x  of Ordnmce  

m i s s i o n s  b e g i n n i n g  i n  1950 d i c t a t e d  a  r ad i , ; l change  i n  managemezt d a z t r i n e  

and a more e l a b o r a t e  management ; truct?:re.  

(U) R e a l i z i n g  t h a t  t h e  Ordnance f a c i l i t i e s  t h e n  o p e r a t i a n a l  wotild 

n o t  be a b l e  t o  hand le  t h e  p r o j e c t e d  valzrne of work,  t h e  Chief c f  Ordnance 

r e a c t i v a t e d  Redstone A r s e a a l  a t  E u n ~ o v i i l e ,  Alabama, on  1 J u w  1949. 8 

1 5 1  performing i t s  m i s s i o n  a s  the 0rdr.ance R2cket Ce::er, t h i s  World War 

I 1  manufac tu r ing  a r s e r a ' l  was t o  c s n d x t  b a z i c  and a p p l i e d  r e s e a r c h ,  

development,  ar?d t e s t i z g  ~ f  f r e e  r c c k e t ; ,  z ,> l id  p r c p e i l a n t a ,  JATO'S, and 
J; 

r e l a t e d  i t e m s ;  a d n i n i s t c r  R&D c a n z r a c t s  p laced w i t h  r e s i d ? n t  c m t r a c t o r s  

and e x e r c i s e  t e c h n i c a l  s l lpe rv i s i c i l  s v ~ r  s--,-', p x j e ~ t a ;  exe rcLse  t e c h n i c a l  

s u p e r v i s i m  o v e r  Ordnance R&D pr5jec:3, a s  a s ; lgzed ;  and keep  a b r e a s t  of 

a 1 1  s c i e g t i f  i c  and t e c h n o l o g i c a l  d e ~ e l c p m 2 : ~ t s  i n  the r c , - k e t  f i e l d .  
3 

(U) On 1 A p r i l  1950,  t h e  a d j o i r i n g  i : -x i t sv i I l e  A r s e z a l  f a c i i i t y ,  

which had been i n a c t i v a t e d  by t h e  Cb~ernical Ccrps ,  was permane3tly t r a n s -  

f e r r e d  t o  Redstone A r s e n a l .  
LO 

Two weeks l a t e r ,  c h i  O r d w n c e  Girrded M i s -  

s i l e  C e n t e r  was e s t a b l i s h e d  i n  t h e  2?d Ycn tsv i ; l e  A r s e n a l  M a d q u a r t e r s .  
11 

The Ordnance guided m i s s i l e  g roup ,  h ~ a d e d  by D r .  Weraicr  v x  S r a m ,  com- 

p l e t e d  t h e  m w e  from P o r t  3l iss ,  Texas ,  i:: October  i950 .  R e d s t o n e ' s  new 

m i s s i o n  i n  t 5 e  f i e l d  of  guided m i s s i l e s  i ~ l l r d e d  L: m p ~ j x r - t  ar.d sys tems 

development i n  aerodyraamics, guidat-ree a d d  c;r?c_rdl: prapGBsicn, assembly 

t e c h n i q u e s ,  t r a n s p o r t ,  t e s t ,  and Lziur!rhirkg. 12 

3k ( S )  Th? Rohm & I k a s  Csmpary a d  F - i ~ k 2 1  C1pen?: c a l  Z o r p i i s a t i m  z igaed  
r c 3 t r a c t s  e a r l i e r  i n  gbe yea r  t u  s t a f f  and s p e r a k e  ~ ~ ~ e r n m e ~ > t - ~ s ~ ~ ~ d  I 

RCD f a c i l i t i e s  w i t h i ?  t h e  or;en-31. 



(U) With t h e  Ordnance rocke t  and guided m i s s i l e  r e sea rch  programs 

thus  combined i n  a  c e n t r a l  l o c a t i o n ,  maximum use  could be made of t h e  

German s c i e n t i s t s  s k i l l e d  i n  t he se  f i e l d s  and f u r t h e r  economies could be 

e f f e c t e d  through the  e l imina t ion  of d u p l i c a t e  o r  p a r i l l e l  e f f o r t s .  But 

t h e  Redstone Commander s t i l l  had no t  been de l ega t ed  adequate a u t h o r i t y  

and r e s p o n s i b i l i t y  t o  proper ly  func t ion  a s  t h e  Ordnance commodity c e n t e r  

f o r  guided m i s s i l e s .  To do t h i s  he needed g r e a t e r  r e s p o n s i b i l i t i e s  i n  

o v e r - a l l  program coord ina t ion  and increased  a u t h o r i t y  over c lo se ly  a l l i e d  

phases of  t he  program. Nat iona l  miss ion  r e s p o n s i b i l i t i e s  f o r  i n d u s t r i a l  

and f i e l d  s e r v i c e  a c t i v i t i e s  were de l ega t ed  t o  Redstone Arsenal  e a r l y  i n  

1951; however, r e s p o n s i b i l i t y  f o r  t e c h n i c a l  c o n t r o l  and superv is ion  of 

c u r r e n t  R&D p r o j e c t s  was r e t a i n e d  by t h e  OCO R&D Div is ion .  
13 

(U) One of t h e  main d i f f i c u l t i e s  a f f e c t i n g  t h e  Ordnance guided 

m i s s i l e  program dur ing  t h e  e a r l y  1950's  was t h e  lack  of proper coordina- 

t i o n  among t h e  d i v i s i o n s  of  OCO and t h e  v a r i o u s  f i e l d  a c t i v i t i e s .  

Personnel  possessing the  most exper ience  and informatdon on the  o v e r - a l l  

program were i n  t he  Rocket Branch of R&D D iv i s ion ,  OCO, but t h e i r  

i n t e r e s t  was l im i t ed  p r imar i l y  t o  t h e  R&D a s p e c t s  of t he  program. A s  a  

r e s u l t ,  t he  i n d u s t r i a l ,  f i e l d  s e r v i c e ,  and t r a i n i n g  elements d i d  no t  

r e c e i v e  t h e  guidance and a t t e n t i o n  e s s e n t i a l  i n  t h e  e a r l y  phases of such 

a  r a d i c a l l y  new and h ighly  complicated product .  Adding t o  t he  confusion 

was t h e  r e l a t i v e l y  new "crash" program procedure,  whereby t h e  R&D, pro- 

duc t ion ,  t r a i n i n g ,  and o t h e r  phases of  Ordnance were te lescoped t o  

s h o r t e n  t he  t ime requi red  from weapon system concept ion t o  a v a i l a b i l i t y  

i n  q u a n t i t y  i n  t h e  hands of t r o o p s .  Such a  procedure would have been 

confus ing  even wi th  a  more orthodox product .  With t h e  complexity of 

modern weapons making t h e  demand f o r  a c c e l e r a t i o n  more and more d i f f i -  

c u l t ,  improved communication and l i a i s o n  throughout t h e  Ordnance s t r u c -  

t u r e  was e s s e n t i a l .  Re fe r r ing  t o  t h e  coo rd ina t ion  problems t h a t  e x i s t e d  

e a r l y  i n  1951, one Ordnance a d m i n i s t r a t o r  s t a t e d :  "The importance of 

13. (U) I b i d .  , pp. 9-10; and memo, Lt Col William J. Durrenberger t o  
Maj Gen Alf red  B.  Quin ton ,  J r . ,  OCO, 5  Feb 51, s u b j  "Coordination of t h e  
Ordnance E f f o r t  i n  t h e  Guided M i s s i l e  Program." 



t h e  gu ided  m i s s i l e  program t o  t 5 z  f ~ t ~ r e  :f th+ Ord Gcrp; :a: h a r d l y  be 

w e r e m p h a s i z e d ,  and w i t h  t h e  prcgram t e i r g  e x p e d i t e d  aa i c  i:, w e  i n  

Ordnance a r e  go ing  t o  have t a  move f a s t  if w e  a r e  t o  meet {-;r r e s p o n s i -  

b i l i t i e s  i n  t h i s  ' f i e l d . "  
14 

(U) One of t h e  f i r s t  s t e p s  t o  improve c o o r d i r ~ a t i t ~ r !  and ~ m t . r s 1  of 

t he  expanding Ordnazce e f f o r t  was t t e  fturmatiorr of an Ord-a rce  Ceided 

M i s s i l e s  O r g a n i z a t i c n  a7d T r a i n i n g  L ;m. i t t r ?  w'rlcbi h e l d  i t s  l n i t i a 1  meet-  

i ~ g  on 24 J a n c a r y  1951. T h i s  mee t i cg  r L > t  , - -Py  pinpcllnted p c t e _ t i a l  

problem a r e a s ,  bu t  a l s ?  demonstra ted  certain r a - a g e n e ~ ~ t  w c a k w s s e s  t h a t  

had e x i s t e d  s i n c e  i x e p ~ _ i , ~ ~  -)f t h e  g l~idt id  m r e s l l e  p r  gram. I'3r example,  

i t  was t h e  f i r s t  g a t h e r i 2 g  a t  wbFch key r c p r c s c q t s t i - ~ e s  of a11 O r d ~ m c e  

gc ided  m i s s i l e  a c t i v i t i e s  were pre;z:)t, ard  ms:~y of t h c z e  i ?d . i s idus lc  

had n e v e r  c a t a c t e d  cr-E: ano",er prc.?i z.; l y  , t\ c: tF-. -;gFI Ord-rd- := bad 
_j - been i n  t h e  gxided m i s s i l e  bcsincss z i : ~ ,  t: LY ,-;. A s  crrigi-:iXy - J-..-eived, 

t h e  m i s s i o n  s f  t h i ;  s:mraittee was Zirnl:,bd --" s r g a - l z a c f  a - d  : r a i ? i i l g  

m a t t e r s .  However, t h e  f ~ r s t  meetisr.g s l ~  w d  t .  Y L  m ,ki ,- c l d  ';.e g a r r e d  by 

b roaden ing  t h e  m i s s i o n  t 3 i r x  hude id ; r r d ~ n a t . l ~ : ?  cvf aPP tbtl g - 5 d ~ d  m i s s i l e  

f  u-lr, ti.ms b e i n g  p e r f  3rmed o r  e o n t e m p l a t ~ d  by t h e  Ord -lmse C ~ r p s .  This 

committee was regarded  c.nly as a 2  i r t e r i r r  s-', .~t,-i-r t o  the c\.:rdi.aaticn 

problem and was t o  be d l s c a l v e d  w"e3 s c f f i ~ i e - - t  e x p E r i e a c e  had been 

a c c ~ m u l a t e d  t o  permit  t:le cstablisf;xv:.nb. :f If--rrnall '  c h a x w l s  w l t t i - ?  t h e  

e x i s t i n g  O r d n a ~ c e  s t r2 , t - : r~.  

':: ( Y >  0 ~ 1  D u r r e - S e r g e r  was 1ati . r  : r a i i - .$ f~r r~ ,d  t:; RSA a3d cor~tzc.,;ed t o  
f i g h t  t he  c c s r d i l s t  F prsb1em.s ??.st bsd permeaced the  e?.r_ire c x g a n i -  
z a t i ? n .  IIe ser;-i.d a s  D i r  i:.f Pr. , je.:"_-:  f r . - m  A7:g 51 t; Sei, 52 ,  and a s  
A:;st D i r  ;if t h z  C I r d ~ x  , r  M i ; ; F i s  2.55 ,mr:l: .ri;:; (CMLJ f rcm Scp 52 t o  
Ms:< 53. (See RSA GffFc .z r  D.::q' :-,qrd.:,: t;i::t F i l e . )  



supe rv i s ion  be  t r a n s f e r r e d  from OCO t o  RSA a s  exped i t i ous ly  a s  pos s ib l e ,  

and t h a t  such t r a n s f e r  be accompanied by t h r e e  o r  fou r  s e l e c t e d  ind iv id-  

u a l s  from OCO i n  order  t o  e f f e c t  a  more e q u i t a b l e  d i s t r i b u t i o n  of t h e  

l i m i t e d  supply of q u a l i f i e d  personnel .  He a l s o  recommended t h a t  i n -  

c reased  e f f o r t s  be made on t h e  t r a i n i n g  of Ordnance personnel  i n  t h e  use 

of new i t e m s  of equipment. 15 

(U) The b a s i c  p r i n c i p l e s  and p o l i c i e s  governing t h e  t r a n s f e r  of R&D 

t e c h n i c a l  supe rv i s ion  t o  Redstone were e s t a b l i s h e d  i n  June 1951, bu t  t h e  

r a t e  a t  which t h e  p r o j e c t s  were t r a n s f e r r e d  was n e c e s s a r i l y  geared t o  t h e  

a r s e n a l ' s  a b i l i t y  t o  e f f e c t i v e l y  c a r r y  them o u t  wi thout  any de lay  o r  d i s -  

r u p t i o n .  The f i r s t  two p r o j e c t s  (NIKE MAX and CORPORAL) were no t  

a c t u a l l y  t r a n s f e r r e d  t o  Redstone Arsenal  u n t i l  August 1951. (Technical  

supe rv i s ion  of o t h e r  R&D p r o j e c t s  was ass igned  i n  a  piecemeal f a sh ion  

over  t h e  next  s eve ra l  yea r s ,  P r o j e c t  LACROSSE being among those  t r a n s -  

f e r r e d  e a r l y  i n  1954.) 

(U) Under t h e  po l i cy  o u t l i n e d  i n  t h e  t r a n s f e r  l e t t e r  of June  1951, 

t h e  RSA Commander became t h e  s o l e  sou rce  of  i n s t r u c t i o n  t o  t h e  (NIKE and 

CORPORAL) c o n t r a c t o r s  and assumed r e s p o n s i b i l i t y  f o r  monitor ing,  

coo rd ina t ing ,  and conducting t h e  t e c h n i c a l  a s p e c t s  of t h e  ass igned  

p r o j e c t s -  The OCO R&D D iv i s ion  r e t a i n e d  r e s p o n s i b i l i t y  f o r  po l i cy ,  

scope,  and o b j e c t i v e s  of t h e s e  p r o j e c t s ,  and f o r  render ing  dec i s ions  on 

o r i g i n a l  approach and major changes i n  des ign ,  performance, and opera t ion  

of t h e  missiles. Because of t h i s  d i v i s i o n  of r e s p o n s i b i l i t y  and t h e  semi- 

v e r t i c a l  o r g a n i z a t i o n a l  s t r u c t u r e  f o r  guided missiles w i t h i n  t h e  Ordnance 

Corps,  it was e s s e n t i a l  t h a t  t h e  c l o s e s t  p o s s i b l e  l i a i s o n  be  maintained 

between Redstone and t h e  ope ra t i ng  branches of OCO. l6 This  was no t  

accomplished w i t h  any degree of e f f i c i e n c y  u n t i l  a f t e r  t h e  gene ra l  

r eo rgan iza t ion  of March 1958. More on t h i s  l a t e r .  

15.  (U) Ib id .  

16. (U) L e t t e r ,  ORDTU-OCO, f i l e  0.0. 6821159, t o  CO RSA, 26 Jun  51, 
s u b j  "Transfer  of Research and Development R e s p o n s i b i l i t y  t o  Redstone 
Arsenal  ." 



(L) The initial training functim-1 was organized at Redstt3me in 

March 1952. The Provisional Redstale Ordnance School, as it was origi- 

nally known, remaiced an integral part of RSA's mission and crganization 

ua'il 1 December 1952. At this time it was redesignated as the Ordnance 

Guided Missile School, a Class I1 Activity located at Redstxe Arsenal 

and operated under jurisdiction of the Chief of Ordnance. Definitive 

guidance for comodity managers with respest to new eqvipmect traicing 

responsibilities was not issued until August 1953. 17 

(U) Ordnance Policy for Prosecution of R&D Projects 

(U) In September 1952, nearly a year after the first twc projects 

were transferred to Redstone, the Chief of Ordnance issued a pclicy 

directive which outlined and defined the fzxtional responsibilities 

involved in the prosecution of Ordnance R&D projects "in order to faci- 

litate the complete understanding af all csxerned." Obviczsly aimed 

at the continuing problems in management control and coordixtian, this 

order divided the varions functional responsibilities into f x r  distinct 

categories, each representing a logical group of duties bcth with respect 

to the execution of R&D projects and to the level of command at which 

the duties were to be performed. These f ~ ~ x  categories were: Policy 

Direction and Coztrol; Technical Cxtrol; Technical supervision; and 

Contract Negotiation, Execution, and Admiristratio3. The divisim of 

responsibility relatizg to technical supervision and contr~l >f R&D 

projects followed the same general pattern as that prescribed in the 

earlier letter of June 1951. This formal directive, however, was much 

more explicit and gave the OC3 R&D Division more latitude fcr re-delega- 

tian of certain a~thority and respznsibflity to the field. 

(6) Responsibility and authority far policy directio:~ and coctrol 

was delegated to the Chief, R&D Division, OCO. Duties in this category 

included the selsctizn of the general appr~ach to be follnwed; 

17. (U) Fclr Sackgrcrr;._d history of RSA's trainisg missicr. and the 
mass of managemex: pro5lems encomtered, see ARCMA Hist Szmmary, 1 Ju l  
60131 Dec 60, pp. I&-25. LACROSSE traini2g activities are discussed 
i?. a later chapter. 



determination of priorities and the scale of effort to be applied; 

establishment of target dates; coordination with related projects or 

sub-projects and with other interested agencies; preparation of engineer- 

ing test programs; acceptance or rejection of final prototype designs; 

and other related functions. 

(U) The Chief, OCO R&D Division, was also assigned the responsi- 

bility for technical control of all Ordnance R&D projects, with "authority 

to re-delegate Technical Control of entire projects or sub-projects to 

the field." (The latter authority was rarely used.) Technical control 

embraced these important functional responsibilities: 1) selection of 

potential contractors; 2) determination of the scope of contracts; 3) 

approval of technical decisions affecting cost, completion date, and 

priority of competing MC's; 4) approval of proposed solution for satisfy- 

ing desired MC's; 5) determination of the validity of proposed solution 

in terms of the established basic design data; 6) within scope of 

authority, making the decision to proceed with prototype and engineering 

test models after completion of design; 7) delineation of technical 

supervision delegated to another agency or agencies; and 8) delineation 

of the areas of interest of mission arsenals jointly concerned with the 

prosecution of the project. 

(U) In the area of technical supervision, it was the policy of the 

Ordnance Corps to assign technical work and the detailed supervision of 

technical work to field installations. (In the case of rockets and 

guided missiles, of course, the field installation was Redstone ~rsenal.) 

Duties in this category were primarily concerned with assisting, advising, 

and directing the work of Ordnance contractors; establishing contacts 

between the contractors and Ordnance and non-Ordnance agencies qualified 

to contribute to the projects; and making "day-to-day" technical and 

administrative decisions not affecting cost, delivery dates, or 

satisfaction of MC's. In short, the technical supervisor or commodity 

manager served more or less as a medium between the contractors and OCO, 

the authority for all major policy decisions being vested in the OCO R&D 

Division. 



(X) F i n a l l y ,  the r e s p c r s i b L E i ~ y  E ' r r  e t x t r a c t  negckiat%on, e x e c e t  i o n ,  

and a d m i n i s t r a t i o n  was ass igned  t l u  the cognhza..t Ordnm\:e  D i s t r i c t ,  t h e s e  

d u t i e s  be ing  condccted i~ accardanc= w i t h  Ordnaace Procerement I n s k r c c -  

ti.m 1-205.7 ,  d a t e d  1 September 1.952. 18 

18. (C) Ord Ccrps Order 13-52,  " R e s p c - ~ n i b i l f t i e s  f a r  R s s e a r r h  ar?d 
Development Pro j2:ts ,"  29 Sep 52. 



l a t t e r  might seem small  and r e l a t i v e l y  i n s i g n i f i c a n t .  This  was not  t he  

ca se .  The Chief of  the  OCO R&D Div is ion  d i d ,  i n  f a c t ,  c a r r y  the  g r e a t e s t  

burden, i n  t h a t  he held the  c o n t r o l l i n g  power and t h e r e f o r e  could be 

brought t o  account f o r  both bad dec i s ions  and indec i s ion ,  a s  we l l  a s  t he  

consequent impact on ind iv idua l  p r o j e c t s .  But he could not  e f f e c t i v e l y  

perform h i s  d u t i e s  without  a  c u r r e n t ,  a c c u r a t e  knowledge of p r o j e c t  a c t i -  

v i t i e s  i n  the  f i e l d .  To render  sound, t imely  dec i s ions  and/or recommenda- 

t i o n s  t o  higher  echelons,  and t o  prevent  "out-of-controlu-and o f t e n  

embarrass ing-s i tua t ions  from developing,  t he  r e spons ib l e  OCO o f f i c i a l  

had t o  be kept c u r r e n t l y  informed of s i g n i f i c a n t  a c t i o n s ,  problems, and 

even t s  a f f e c t i n g  the  speed, d i r e c t i o n ,  o r  c o s t  of t h e  o v e r - a l l  e f f o r t .  

The r e s p o n s i b i l i t y  f o r  providing t h i s  management information r e s t e d  wi th  

the  RSA Commander. Thus, when cons ider ing  t h a t  major dec i s ions  a f f e c t i n g  

i n d i v i d u a l  programs were n e c e s s a r i l y  p r e d i c a t e d  on feeder  r e p o r t s ,  

b r i e f i n g s ,  and recommendations generated by t h e  RSA Commander, t h e  l a t t e r ' s  

burden of r e s p o n s i b i l i t y  n a t u r a l l y  t akes  on added depth  and s i g n i f i c a n c e .  

' (U) The Weak Link i n  Redstone 's  Chain of Command 

(U) To f u l f i l l  i t s  d i v e r s i f i e d  missions of r e sea rch ,  development, 

p roduct ion ,  supply,  and maintenance f o r  Army m i s s i l e  systems, the  a r s e n a l  

had t o  have the  competence among i t s  own people t o  c o n t r o l ,  coord ina te ,  

d i r e c t ,  and techt t ica l ly  superv ise  a l l  t he  work f o r  which i t  was respons ib le .  

With the  bulk of t he  t o t a l  e f f o r t  being done by i n d u s t r i a l  con t r ac to r s  a t  

d i s t a n t  l oca t ions ,  t h i s  not  only r equ i r ed  a  s t r o n g ,  c e n t r a l i z e d  management 

c o n t r o l  system t o  coord ina te  t h e  wide range  of a c t i v i t i e s ,  but a l s o  a  

broad in-house s c i e n t i f i c  c a p a b i l i t y  t o  d i r e c t  and eva lua t e  t he  c o n t r a c t o r ' s  

e f f o r t s  and a s su re  q u a l i t y  r e s u l t s .  

(U) By e a r l y  1953, the  a r s e n a l  had accumulated a  complement of 

t e c h n i c a l  and p ro fe s s iona l  personnel  and had b u i l t  up a  s i z a b l e  in-house 

r e s e a r c h  c a p a b i l i t y .  But t h e  success  achieved i n  developing an in t eg ra t ed  

o rgan iza t ion  responsive t o  management c o n t r o l  requirements  was q u i t e  a  

d i f f e r e n t  s t o r y .  While cons iderable  progress  had been made toward so lv ing  

the  coord ina t ion  problems t h a t  e x i s t e d  e a r l y  i n  1951, t h e r e  were s t i l l  



many administrators in operating elements of both OCO and RSA "who paid 

only 'lip service' to the importance of coordination. 1121 

(ti) The weaknesses inherent in the arsenal organizational structure, 

and more specifically in the loosely controlled operating divisions, 

served as a breeding ground for many problems and tribulations throughout 

the 1951-58 period. Most of the problems stemmed from the fact that 

there was no integrated management control system and therefore no 

machinery for directing basic command policy or assuring cross-coordina- 

tion of important mission program actions. To further complicate matters, 

the four separate and generally uncoordinated divisions of OCO cut across 

established command lines and dealt directly with their counterparts at 

Redstone Arsenal. Each of the RSA mission divisions operated as a 

decentralized functional enterprise; effective cross-coordination was 

the exception rather than the rule. In effect, this placed the Arsenal 

Commander in the unpalatable position of having to accept the burden of 

responsibility without an opportunity to direct or control basic policy 

decisions. 

(U) The damaging influence of this disjointed type of operation on 

telescoped guided missile programs had already become painfully apparent 

as early as December 1952. Referring to problems in the NIKE and 

CORPORAL programs, in general, and to the coordination problem in par- 

ticular, Colonel Durrenberger declared: 

Changes in the OCO coordination picture (retirement of 
General Quinton and assignment of the additional duty of guided 
missile coordination to Chief, R&D Division), plus the fact that 
we have now reached the 'eleventh hour' in the program (equip- 
ment about ready to be issued to troops), have made it imperative 
that our coordination operations at this arsenal be improved 
considerably. Failure to secure proper coordination at this 
arsenal is actually threatening the success of the Army's entire 
guided missile program. It seems unnecessary to point out what 
effect this may have on the country's defense. 2 2 

21. (U) Office Memo, Lt Col W. J. Durrenberger, Asst Dir OML, to 
Brig Gen H. N. Toftoy, Dir OML, 12 Dec 52, subj "Coordination of the 
Guided Missile and Rocket Programs.'' 

22. (U) Ibid. 



(U) During the seven-year period ending April 1958, arsenal 

administrators made several attempts to correct the situation, but their 

efforts were largely neutralized by the pressure of dissentient division 

chiefs. Invariably faced with accepting watered-down versions of the 

desired control system, arsenal management had to apply superficial 

remedies unbefitting the severity of the problem. The limitations imposed * 
on the so-called "coordination offices" set up during this period were 

both frustrating and far-reaching. For present purposes, it will suffice 

to say that the mission divisions continued to operate much the same as 

they had before, while the headquarters staff office did what it could 

to plan and coordinate arsenal missions "after the fact" and within the 

limits of its authority. 23 

(U) Project Management Under Redstone 

(U) The functional organization set up for the LACROSSE project 

could be no more effective than the command policy under which it 

operated. In September 1955, some five months after the follow-on R&D 

contract had been awarded to the Glenn L. Martin Company, the office of 

the Redstone Resident Ordnance Engineer (RROE) was created at the con- 

tractor's plant in Baltimore, Maryland. The chief of this office, Mr. 

Edward Jungerman, reported directly to the Chief, RSA Industrial 

Division. His duties, in general, were as follows: 
2 4 

1. Provide engineering liaison between the mission arsenal and the 
contractor. 

2. Provide necessary administration of Engineering Change Order 
(ECO) and Request for Deviation Approval (RDA) procedures. 

* Arsenal Program Coordination Ofc (under OML) - Oct52/Feb53 
Mission Planning & Coord Ofc (special staff) - Feb5310ct55 
National Mission Coord Ofc) 

(separate staff elements) - Oct55/~eb56 Arsenal Mission Coord Ofc) 
Plans Coordination Ofc (special staff) - Feb561Apr58. 
23. (U) RSA Hist Summaries: Jan-Jun 53; Jul-Dec 53; Jan-Jun 55; 

Jan-Jun 56; and Jan-Jun 57. 

24. (U) Supplement I to LACROSSE Blue Book, op. cit., p. 19; and 
Interviews with Mr. George E. Woodward, Antitank & Field Artillery 
Weapons System Project Ofc, Army Missile Comd. 



3. Approve E C O ' s  and R D A ' s  except a s  fo l lows:  

a .  E C O ' s  and R D A ' s  a f f e c t i n g  M C ' s ,  system func t ions ,  system 
des ign  i n t e n t ,  s a f e t y  o r  i n t e r c h a n g e a b i l i t y .  

b. E C O ' s  a f f e c t i n g  contrac: p r i c e  i n  excess  of $250,000. 

C .  E C O ' s  a f f e c t i n g  c o n t r a c t  d e l i v e r y  d a t e s .  

4.  Forward E C O ' s  and R D A ' s  beyond t h e  RROE scope of a u t h o r i t y  t o  
Redstone Arsenal  f o r  approval .  

5. Furn ish  advice  t o  t h e  c o n t r a c t o r  a s  t o  proper  procedures  and 
channels  on s p e c i f i c  problems i n  dea l ing  w i t h  Ordnance. 

6. Review and approve o r  o b t a i n  a.pprova1 on t e c h n i c a l  adequacy of 
engineer ing  work i n  progress  on p e r t i n e n t  c o n t r a c t s .  

(U) Experience had shown t h a t  t h e  t r ans i . c ion  pe r iod  i n  a  te lescoped  

program rep re sen t ed  an extremely c r u c i a l  and exac t ing  phase,  even i n  

those  programs involving only one c o n t r a c t o r .  I n  t h e  LACROSSE program, 

t h e  normal t r a n s i t i o n  and engineer ing  l i a i s o n  problems were magnified 
J6 

s e v e r a l  f o l d  by t h e  d i s t a n c e  between t h e  two c o ~ ~ t r a c t o r s  and t h e  zn i -  

m ~ s i t y  t h a t  e x i s t e d  between c e r t a i n  e l e ~ e ~ t s  of t h e  two o rgan iza t ions .  

I n  t h e  f a l l  of 1956, when t h e  phzse-over of progrzm r e s p o n s i b i l i t y  from 

Corne l l  t o  Mart in  was j c s t  beginning, Mzrtiri decided t o  move LACROSSE 

p ~ o d c c t i o n  t o  new f a c i l i t i e s  which had been cons t ruc t ed  a t  Orlando, 

F l o r i d a ,  a t  a  company c o s t  of some $40,000,000. Th i s  move, sanc t ioned  

by a  j o i n t  Army-Navy agreement, increased  t h e  d i s t a n c e  between t h e  two 

c o n t r a c t o r s  t o  more than 1200 mi les  a . ~ d  consequent ly  a n p l i f i e d  t h e  

l i a i s o n  problem. Moreover, some s f  t h e  e x p e ~ i e n c e d  engineers  who had 

been working on t h e  p r o j e c t  r e fused  t o  t r z . ~ s f e r ,  and Mart in  was faced  

w i t h  r e c r u i t i n g  and t r a i n i n g  an e s s e n t i a l l y  new product ion  crew. The 

move s t a r t e d  w i t h  t r a n s f e r  of t h e  adrcinistrzt ive s t a f f  i n  November 1956, 

followed by rcxnants s f  t h e  engineer ing  s t a f f  e a r l y  i n  1957. While t h e  

new product ion fa,;PBity was n o t  f u l l y  o p e r a t i o n a l  u n t i l  December 

1951, t h e  impac'. on t h e  o v z r - a l l  program was n e g l i g i b l e .  The 

imp~sved  f a c i l i t i e s  and environment a t  t h e  Orlando s i t e  by f a r  ou t -  

* (U) I n i t i a l l y ,  sone 345 miles  from the  Cornell Labora lc ry  at  Buffa lo ,  
N?w Yozk, t o  M ~ ~ t i n ' s  p l a n t  a t  Bal t imore,  Maryland. 



here that the LACROSSE program had been shelved in M 1957 and 

reinstated with only limited funds in M 1958. 

(U) Meanwhile, Mr. Herbert R. Kelley replaced Mr. Jungerman as 

senior representative in charge of the Baltimore RROE Office, in October 

1956, and was transferred to the new RROE Office at Orlando in January 

1957. Mr. Kelley continued to report directly to the Chief, RSA Indus- 

trial Division until the middle of 1958. 25 

(U) The New Look 

(U) The action necessary to correct the long-standing deficiency in 

RSA's management control system came late in March 1958-right at the 

time the LACROSSE program was in its most serious trouble and slightly 

over two years before Army let the axe fall. 

(U) On 31 March 1958, the Secretary of the Army created a new Army 

Ordnance Missile Command (AOMC) at Redstone Arsenal and appointed as its 

head Major General John B. Medaris, who had earned a notable reputation 

for his command and administrative ability as Commander of the Army 

Ballistic Missile Agency (ABMA). Placed under General Medaris' direct 

control were: ABMA; the Jet Propulsion Laboratory at Pasadena, California; 

White Sands Missile Range (WSMR); Redstone Arsenal; and the newly acti- 

vated Army Rocket & Guided Missile Agency (ARGMA). 

(U) Established as a subordinate element of AOMC on 1 April 1958, 

ARGMA assumed responsibility for the technical missions (including the , 

LACROSSE program) formerly assigned to Redstone Arsenal, leaving the 

latter with post support and housekeeping functions. 

(U) The integration of primary research, development, test, and 

logistical support installations under single direction, together with 

the administrative streamlining, would provide the means to carry out 

more effectively the existing and future priority Army missile programs. 

The unity of command that Redstone Arsenal had never been able to 

25. (U) Interviews with Mr. Herbert R. Kelley, Proc & Prod Directo- 
rate, Army Missi1e::Command. 



achieve thus become a  r e a l i t y  under t h e  AOMC s t r u c t u r e - a t  t h e  expense 

of  adding a  new l aye r  of a u t h o r i t y .  
2 6 

(U) The foremost o b j e c t i v e  of  the  g e n e r a l  s t a f f  type of o rgan iza t ion  

adopted by General  Medaris was t o  i n s u r e  e f f e c t i v e  s t a f f  c o n t r o l  and 

coo rd ina t ion  of t h e  t o t a l  ass igned miss ion .  During h i s  f i r s t  s t a f f  meet- 

ing  on 1 A p r i l  1958, General Medaris pointed ou t  t h a t  t he  func t ion  of 

subord ina te  o rgan iza t ions  was t h a t  of "coord ina t ion  f o r  the  commander of 

a l l  t he  elements of h i s  problems s o  t h a t  they a r e  handled a s  a  command 

package and no t  a s  a  func t iona l  e n t e r p r i s e . "  Obviously aware t h a t  t h i s  

represen ted  a  d r a s t i c  depa r tu re  from previous p r a c t i c e ,  he went on t o  say: 

. . . From t h e  beginning of time t h e  t h r e e  major d i v i s i o n s  of 
Redstone Arsenal  have operated a s  t h r e e  s e p a r a t e  empires.  
General  Shinkle  is  f u l l y  aware of  t h e  problem and i s  p u l l i n g  
i t  toge the r  as  f a s t  a s  he can,  and I want nothing t o  come ou t  
of t h i s  headquar te rs  t h a t  w i l l  h inder  h i s  e f f o r t s  t o  p u l l  i t  
t oge the r  . 2 7 

(U) I t  took cons iderab le  t ime,  much pa t i ence ,  and many r e a d j u s t -  

ments-but "pul led toge ther"  i t  was. Among t h e  f i r s t  o f f i c i a l  a c t i o n s  

taken  by the  ARGMA commander was t h e  e s t ab l i shmen t  of a  s t r o n g ,  

c e n t r a l i z e d  management c o n t r o l  system t o  be adminis te red  by the  agency 

Cont ro l  Of f i ce .  A s i g n i f i c a n t  p a r t  of t h e  r e s p o n s i b i l i t y  and a u t h o r i t y  

de l ega t ed  t o  t h i s  s t a f f  element was concerned wi th  t he  a c t i v i t i e s  of 

ARGMA l i a i s o n  personnel  permanently s t a t i o x e d  a t  c o n t r a c t o r s '  p l a n t s  and 

Government i n s t a l l a t i o n s .  

(U) E f f e c t i v e  w i th  t he  po l i cy  d i r e c t i v e  i s sued  i n  l a t e  June 1958, 

a l l  agency l i a i s o n  perscnnel  were appointed by t h e  Agency commander and 

ass igned  t o  t h e  Chief ,  Control  O f f i c e .  L i a i son  personnel  loca ted  a t  t h e  

r e s p e c t i v e  p l a n t s  and i n s t a l l a t i o n s  were placed under d i r e c t  command of 

a  Senior  ARGMA Representa t ive  (SXR) des igna ted  by ARGMA o r d e r s .  I n  

c a r r y i n g  out  h i s  ass igned r e s p o n s i b i l i t i e s  a s  s e n i o r  spokesman and 

26 .  (U) For background h i s t  of t he  r e o r g a n i z a t i o n ,  s e e  AOMC and 
ARGMA H i s t  Summaries, Apr 58IJun 58. 

27.  (U) Minutes of S t a f f  Meeting Nr. 1 (General & Spec ia l  S t a f f ) ,  
AOMC Xq, 1 Apr 58. 



contact between ARGMA and the contractor, each SXR operated under the 

direct supervision of the Chief, Control Office. Matters relating to 

the "formulation of new policy or resolution of policy conflict" were 

handled through the Control Office for staffing and coordinated agency 

decision. Other matters could be resolved directly with the agency 

mission division involved, but'with a single representatiye in charge 

of all agency missions at the contractor level, effective control and 

coordination of significant program actions was assured. 
2 8 

(U) As far as the LACROSSE program was concerned, the aforementioned 

policy was partially implemented on 3 August 1958, when Herbert R. Kelley 

was designated as the SXR at Martin's Orlando plant and transferred from 

the ARGMA Industrial Division to the Control Office. Other agency liai- 

son personnel stationed at the plant were transferred from their respec- 

tive mission divisions to the Control Office and placed under direct 

supervision of the designated SXR, effective 19 October 1958. The 

LACROSSE liaison staff assigned at that time are listed below (by name, 

title, and grade). 
29 

Paul C. Noller, Guided Missile Engineer, GS-12 
Charles H. Laney, Jr., Guided Missile Technician (Elect), GS-11 
James L. McKinney, Guided Missile Technician, GS-11 
Allen T. Smith, Guided Missile Technician, GS-11 
Helen B. Statz, Clerk-Stenographer, GS-4 

Jack D. Abercrombie, Ordnance Engineer, GS-11 
Thomas M. Flanagan, Engineering Technician, GS-11 
Adrian A. Wilson, Engineering Technician, GS-11 
Josephine Keeton, Clerk-Stenographer, GS-4 

(U) Both the LACROSSE liaison staff and operating policy remained 

essentially unchanged until the fall of 1960. Paul C. Noller succeeded 

Herbert Kelley as Acting SXR at Martin-Orlando in August 1960. A few 

weeks later, operational cdntrol of agency field of fices was transferred 

28. (U) ARGMA Circular 7, 28 Jun 58. For full text of this directive 
and details on other aspects of the new control system, see ARGMA Hist 
Summary, 1 Apr 58/30 Jun 58, pp. 32-46 and 142-43. 

29. (U) Disposition Form (DF), ARGMA Control Ofc to Chief Civilian 
Personnel Ofc, 30 Jul 58, subj "Transfer of Senior ARGMA Representatives." 
Also see DF, ARGMA Control Ofc to SXR Glenn L. Martin Co., Orlando, Fla., 
undated, subj "Transfer of Personnel." 



from the  Control  Of f i ce  and aga in  r e l ega t ed  t o  mission d i v i s i o n  l e v e l .  

Under t he  rev ised  pol icy ,  ope ra t iona l  c o n t r o l  of SXR o f f i c e s  was ves ted  

i n  t h e  mission d i v i s i o n  having primary r e s p o n s i b i l i t y  f o r  the  weapon 

system involved.  Liaison personnel  were s t i l l  appointed by the  Agency 

Commander and they were s t i l l  ass igned t o  t h e  r e spec t ive  con t r ac to r  

p l a n t s  under d i r e c t  superv is ion  of a  s i n g l e  SXR, a s  before .  But t he  

formulat ion of new pol icy o r  r e s o l u t i o n  of po l icy  c o n f l i c t  was no longer 

handled o r  coordinated a t  agency s t a f f  l e v e l .  A l l  po l icy  ma t t e r s  were 

channeled t o  t he  appropr ia te  mission d i v i s i o n  ch ie f  f o r  s t a f f i n g  and 

coordinated agency dec i s ion ;  o the r  rou t ine  ma t t e r s  were resolved through 

d i r e c t  con tac t  wi th  subordinate  elements of  mission opera t ions  concerned. 

This  new procedure was implemented on 19 September 1960, when the  func- 

t i o n s  and personnel  of the  Orlando f i e l d  o f f i c e  were t r a n s f e r r e d  from 

t h e  ARGMA Control  Off ice  t o  t he  Di rec to r ,  I n d u s t r i a l  Operat ions.  
3  0  

(U) The abso lu t e  c e n t r a l i z e d  c o n t r o l  thus  l o s t  under t he  rev ised  

pol icy  was supplanted,  i n  p a r t ,  by a  commodity management procedure 

which had been e s t ab l i shed  and implemented e a r l i e r  i n  the  yea r .  This  

procedure was designed t o  provide the  Agency Commander w i th  t h e  

supplementary c o n t r o l ,  coord ina t ion ,  and monitorship necessary t o  a s su re  

i n t e g r a t e d  commodity managership. The system cons i s t ed  of i nd iv idua l  

weapon system teams composed of one member from each of t he  mission 

ope ra t ions  and one Control Of f i ce  member who served a s  team chairman. 

Members of the  LACROSSE Weapon System Team included George E. Woodward, 

Chairman; Major W .  R .  Morrison, R&D Div is ion;  M r .  L. N .  Hightower, 

I n d u s t r i a l  Div is ion;  and Chief Warrant O f f i c e r  E .  J. Gonsalves, F i e ld  

Serv ice  Div is ion .  
31  

(U) Actua l ly ,  the rev ised  management p o l i c i e s  e f f e c t e d  i n  1960 

were too l a t e  t o  inf lnence  the  LACROSSE program one way o r  t he  o t h e r .  

30. (U) ARGMA GO 45, 25 Aug 60; L t r ,  L t  Col B.  H .  Schimmel, Chief 
ARGMA Control  Ofc, t o  Acting Senior ARGMA Rep, The Martin Co., Orlando, 
P l a . ,  31  Aug 60, sub j  "Transfer of SXR P m e t i o n s " ;  and ARGMA C i rcu la r  
600-1, 19 Sep 60. 

31. (U) ARGMA C i rcu la r  1-2,  Agency Commodity Coordinat ion,  12 May 
60. 



Cancellation of the MOD I effort the year before had caused the 

withdrawal of Marine Corps support, and by late 1960 the LACROSSE 

program had been reduced to a terminal, buy-out status. None can say 

for certain whether the course of the LACROSSE program would have 

changed if AOMC management policies had been inforced several years 

earlier. However, it can be said with reasonable certainty that a 

more dynamic management system in the 1951-57 period could not have 

done the program any harm, and possibly would have saved the Army much 

embarrassment and the taxpayers a few dollars. 



w 
111. (,.@ DEVELOPMENT OF THE LACROSSE I PROTOTYPE (U) 

'4 
I n t r o d u c t i o n  (U) 

(U) A s  mentioned e a r l i e r ,  p re l iminary  LACROSSE development ac tua  l l y  , 

began wi th  a n  in te rmedia te  program a t  Corne l l  under Army Ordnance Con- 

t r a c t  ORD-11 i n  J u l y  1950. This  i n t e r i m  phase,  completed e a r l y  i n  1951, 

was l i m i t e d  t o  f u r t h e r  i n v e s t i g a t i o n  of systems s e l e c t e d  i n  previous 

s t u d i e s  under Navy con t r ac t  and t o  development, through the  breadboard 

s t a g e ,  of t h e  items requi red  f o r  a guidance system t e s t .  Having 
* 

r ea f f i rmed  t h e  t echn ica l  f e a s i b i l i t y  of t h e  proposed STEER guidance 

scheme, Corne l l  recommended t h a t  f u l l  e f f o r t  be a p p l i e d  t o  t he  develop- 

ment of a m i s s i l e  system based upon t h e  STEER and STEER-1 concepts-the 

l a t t e r  u s ing  accu ra t e  r ada r  t r a c k i n g  i n  l i e u  of o p t i c a l  t r ack ing .  
1 

(U) Formal development of t he  LACROSSE system was i n i t i a t e d  i n  

February 1951 under Contract  DA-30- 115-oRD-47. The R&D program 

proceeded under the  ass igned  DA p r i o r i t y  of 1B u n t i l  mid-1952. The 

Ordnance Technical  Committee accorded i t  1 A  p r i o r i t y  on 31 J u l y  1952. 
3 

I;k( The i n i t i a l  hardware phase embraced a s e r i e s  of pi lot-monitored 

f l i g h t  t e s t s  using breadboard components of  t h e  b a s i c  STEER guidance 

system. These t e s t s ,  completed i n  November 1951, succes s fu l ly  demon- 

s t r a t e d  t h e  ope ra t i ona l  f e a s i b i l i t y  of t h e  guidance system through 

c losed  loop type a i r p l a n e  f l i g h t s .  The t a c t i c a l  LACROSSE I system was 

subsequent ly  developed and f i e l d  t e s t e d  i n  t h r e e  success ive  s t a g e s ,  a s  

fo l lows  : 

Y 
1. The Group "0" program used a i r - l aunched  LARK (RV-A-22) t e s t  

veh i c l e s  t o  eva lua t e  t h e  termina 1 guidance accuracy of the system. 

* (U) - S i g h t  - Tracking, - E l e c t r o n i c  gquipment - Ranging. 

1. (U) See above s e c t i o n s  d e a l i n g  wi th  ana lyses  of f e a s i b i l i t y  
s t u d i e s  and with the  i n t e r im  Army program. Also s e e  Document 3 f o r  
f u l l  t e x t  of recommended development program. 

2.  (U) See Footnote 26, p.  19. 

3.  (U) OTCM Item 34373, "Rocket Branch P r o j e c t s  - Assignment of 
P r i o r i t i e s , "  31 J u l  52. Also s ee  Footnote  20, p .  17. 
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Eight  modified LARK a i r f rames ,  equipped wi th  LACROSSE command and con- 

t r o l  equipment, were a i r - launched  from a B-26 a i r p l a n e  and guided t o  the 

t a r g e t  by ground equipment. This s t a g e  was completed on 19 January 1954. 

2. & The Group "A" program used the  LACROSSE m i s s i l e  and guidance 

s t a t i o n  t o  demonstrate complete system performance and accuracy. I t  

included 15 f l i g h t  t e s t s  a t  WSMR and was completed i n  December 1955. 

Ci 
3.  IP) The Group "B" program used the  Group "A" m i s s i l e  wi th  

experimental  p ro to types  of t a c t i c a l  guidance equipment t o  f u r t h e r  

e v a l u a t e  system performance and accuracy.  It included s i x  f l i g h t  t e s t s  

and was completed i n  September 1956. 

(U) Transfer  of technica l  r e s p o n s i b i l i t y  f o r  the  LACROSSE system 

t o  the  Mart in  Company was s t a r t e d  i n  1956, concurren t  wi th  the Group B 

t e s t  program. Af t e r  t r a n s f e r  of t echn ica l  r e s p o n s i b i l i t y  t o  Mart in ,  

c o r n e l l ' s  e f f o r t  was r eo r i en t ed  toward R&D on items which would improve 

and extend the  weapon system c a p a b i l i t i e s .  I n  January 1958, the  funding 

of LACROSSE e f f o r t  a t  Cornel l  was changed t o  t h e  e x t e n t  t h a t  a second 

c o n t r a c t  (DA-30-115-Om-908) was granted ,  i n  a d d i t i o n  t o  the  b a s i c  

c o n t r a c t  (ORD-47). These con t r ac t s  r an  concur ren t ly  u n t i l  December 1958, 

when the  b a s i c  con t r ac t  was terminated.  Supplemental s t u d i e s  were con- 

t inued  under the  second con t r ac t .  F igure  6 d e p i c t s  t h e  funding of 

UCROSSE from FY 1950 t o  the  te rmina t ion  of a c t i v i t i e s  under Cont rac t  

Om-47 i n  December 1958. 
4 

& Evolut ion of Weapon System Requirements (U) 

Y 
@ From t h e  incept ion  of the  program t o  1951, t he  con t r ac to r  was 

guided by t h e  r e s t r i c t i v e  and somewhat a r b i t r a r y  weapon system s p e c i f i -  
* 

c a t i o n s  e s t a b l i s h e d  by the  Marine Corps i n  1947. Early i n  1951, the  

Marine Corps P r o j e c t  Of f i ce r  f o r  LACROSSE, s t a t i o n e d  a t  OCO, developed 

a paper which embodied both Marine Corps and contemplated Army requ i r e -  

ments. This  paper ,  e n t i t l e d  "Ordnance Corps Development I n s t r u c t i o n s  
- -. 

- - - -  - 

* (U) For f u l l  t e x t  of o r i g i n a l  M C ' s ,  s e e  Document 1. 

4.  (U) Sacher ,  R .  E . ,  Report BE-745-T-149, op. c i t . ,  pp. 8-11, 228. 

UNCLASSIFIED 
C. 
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f o r  LACROSSE Surface-to-Surface Close Support Guided M i s s i l e  System, 

XSSM-A-12," presented broad o b j e c t i v e s  f o r  t h e  m i s s i l e  system and served 

a s  a  guide t o  t he  developing agency. S i g n i f i c a n t  changes from t h e  

o r ig ina  1 requirements included a n  irrcrease i n  warhead weight toi,500 

lb s  . , and a n  increase  i n  minimum range from 1,000 yards  (922 meters)  t o  

6.67 k i lometers  requi red  and 3.33 k i lometers  d e s i r e d .  5  

4 
By January 1953, LACROSSE development had progressed t o  a  po in t  

where t h e  major elements of t he  weapon system were def ined  and i t  was 

p o s s i b l e  t o  formulate  d e f i n i t e  0rdnanc.e Corps development i n s t r u c t i o n s .  

The rev ised  i n s t r u c t i o n s  s t i p u l a t e d  f o r  t he  f i r s t  time t h a t  a  s o l i d  

p r o p e l l a n t  rocket  motor w o ~ l d  be used. S o l i d  p r o p e l l a n t s  were c ~ n s i d e r e d  

much e a q i e r  t o  handle i n  t h e  f i e l d  and t h e  l o g i s t i c s  necessary  t o  

accommodate a  s o l i d  p rope l l an t  motor were much l e s s  complex than fo r  

l i q u i d  p r o p e l l a n t s .  Another major change was a n  inc rease  i n  maximum 

requ i r ed  m i s s i l e  range from 16,000 t o  20,000 meters ,  and an  increase  i n  

maximum des i r ed  range from 25,000 t o  30,000 m e t e r s S 6  The obse rve r ' s  

equipment was t o  c o n s i s t  of not  more than s i x  (6) i nd iv idua l  i tems,  each 

item weighing not more than 50 l b s . ;  a l l  i tems t o  be i n t e g r a l l y  mounted 

on t h e  guidance s t a t i o n  vehic le  but  capable of being r ap id ly  dismounted 

and c a r r i e d  f o r  ope ra t ion  elsewhere. (Under t h e  o r i g i n a l  s p e c i f i c a t i o n s ,  

o b s e r v e r ' s  equipment was t o  weigh not  more than  150 l b s . ;  7  loads not  

more than  25 l b s .  each.)  
/ 

Y 
($f The Army Equipment Development Guide, 3  May 1954, s t a t e d  the  

fol lowing requirement f o r  a  c lo se  support  guided m i s s i l e  system: 
8 

3 There i s  a  requirement f o r  a  su r f ace - to - su r f ace  guided 
m i s s i l e  system with a  maximum range of t h e  o rde r  of 30,000 
yards  f o r  t h e  s p e c i f i c  purpose of supplementing f i e l d  
a r t i l l e r y  f i r e s  f o r  p r e c i s i o n  d e s t r u c t i o n  a t t a c k  wi th  
d e c i s i v e  power on appropr i a t e  t a r g e t s .  The b a s i c  design 
of t he  weapon system t o  f u l f i l l  t h e  above requirement,  

5 .  (U) LACROSSE Blue Eook, op. c i t . ,  p. 8. 

6 .  (U) I b i d .  
-_ 

7 .  (U) Sacher ,  R .  E . ?  Rept BE-745-T-149, op. c i t . ,  pp. 11-12. . 
8.  (U) LACROSSE Blue Bock, op. c i t . ,  p. 9 .  



however, should  be such t h a t  a t o m i c  and  optimum f  rag-  
m e n t a t i o n  warheads may be a d a p t e d  t o  t h e  m i s s i l e  f o r  
employment i n  a  g e n e r a l  suppor t  r o l e  i f  such  a  concept  
e v o l v e s  a t  a  l a t e r  

(U) I n  compliance w i t h  

Command (CONARC), Board No. 

a  c l o s e  s u p p o r t  guided m i s s  

ca 1 g u i d e l i n e s  f u r n i s h e d  i n  

a s  r e v i s e d  19 November 1954 

d a t e .  

a d i r e c t i v e  from t h e  C o n t i n e n t a l  Army 

4 ,  F o r t  B l i s s ,  Texas ,  p repared  t h e  MC'S  f o r  

l e  system i n  A p r i l  1955. Most of t h e  t e c h n i -  

t h e  Ordnance Corps Development I n s t r u c t i o n s ,  

were i n c l u d e d  i n  t h e  CONARC s t a t e m e n t  of 

MC's .  Pending f i n a l  DA a.pprova1, t h e  M C ' S  o u t l i n e d  i n  t h e  CONARC 

document were used a s  a  guide  i n  development of t h e  LACROSSE system. 
9  

,& The f i r s t  formal  s t a tement  of M C ' s  f o r  t h e  LACROSSE m i s s i l e  

sys tem was approved and  p u b l i s h e d  i n  OTCM I t e m  36066 on 19 January  1956. 

The b a s i c  performance requirements  s e t  f o r t h  i n  t h e  Ordnance Corps 

Development I n s t r u c t i o n s  were r e t a i n e d .  However, t h e s e  M C ' s  i nc luded  

a  requ i rement  t h a t  t h e  b a s i c  des ign  of t h e  sys tem be such t h a t  a t o m i c  

and  optimum f ragmenta t ion  warheads cou ld  be a d a p t e d  t o  t h e  m i s s i l e ,  

p e r m i t t i n g  employment of t h e  system i n  a  g e n e r a l  s u p p o r t  r o l e .  T h i s  

e x t e n s i o n  of use  a f f e c t e d ,  p r i m a r i l y ,  t h e  maximum guidance range .  The 

new requ i rements  f o r  guidance ranges  were a s  f o l l o w s :  

1. & Maximum Guidance Range - when u s i n g  i n t e r n a l  t a r g e t  su rvey  
u n i t  d a t a :  r e q u i r e d ,  5,000 m e t e r s ;  d e s i r e d ,  8 ,000 m e t e r s .  
Y 

2.  Maximum Guidance Range - when u s i n g  e x t e r n a l  t a r g e t  d a t a :  
r e q u i r e d ,  15,000 m e t e r s ;  d e s i r e d ,  20,000 m e t e r s .  

3 .  & Minimum Guidance Range: r e q u i r e d ,  n o t  more t h a n  250 m e t e r s ;  
d e s i r e d ,  a s  s h o r t  a s  p o s s i b l e  c o n s i s t e n t  w i t h  o t h e r  c o n s i d e r -  
a t i o n s  of t h e  system. 

Y 
With t h e  e x t e n s i o n  of guidance r a n g e s ,  t h e  r e q u i r e d  a c c u r a c y  of 

t h e  sys tem was changed t o  s p e c i f y  a  C i r c u l a r  P r o b a b l e  E r r o r  (CPE) of 5  

m e t e r s  a t  5,000 m e t e r s  guidance range ,  and  a  CPE of 30 t o  40 m e t e r s  a t  

a n  ex tended  guidance range of 20,000 m e t e r s .  

cC 0 The maximum m i s s i l e  ranges  remained t h e  same a s  s t i p u l a t e d  i n  

t h e  r e v i s e d  development i n s t r u c t i o n s  of January  1953; namely, 20,000 

9 .  (U) I b i d .  



meters  r equ i r ed  and 30,000 meters  d e s i r e d .  The r equ i r ed  minimum m i s s i l e  

range was increased  from 6,670 meters ( o r  6.67 k i lome te r s ,  a s  s t a t e d  i n  

1951) t o  8,000 meters .  

The s p e c i f i c a t i o n s  f o r  warhead development gave f i r s t  p r i o r i t y  

t o  a  shaped charge o r  o the r  p e n e t r a t i o n  type capable  of p e n e t r a t i n g  a  

minimum of s i x  f e e t  of r e in fo rced  concre te  a t  60° o b l i q u i t y  o r  12 f e e t  

a t  o0 o b l i q u i t y .  Development of a  p r a c t i c e  warhead f o r  t r a i n i n g  

purposes was accorded second p r i o r i t y .  10 

& The s ta tement  of M C ' S  f o r  a  Close Support A r t i l l e r y  Guided 

M i s s i l e  System had been i n  e f f e c t  l e s s  than t h r e e  months when the  

Department of t h e  Army r e c l a s s i f i e d  t h e  LACROSSE a s  a  General Support 

F i e l d  A r t i l l e r y  Guided M i s s i l e  System and p laced  a  new p r i o r i t y  on t h e  

use of warheads. The DA d i r e c t i v e ,  i s sued  on 10 March 1956, placed 

LACROSSE warheads i n  the  fol lowing o rde r  of p r i o r i t y :  a tomic ;  c o n t r o l l e d  

fragmentat ion;  and shaped charge.  
11 

& The r ev i sed  MC's r e f l e c t i n g  t h e  expanded t a c t i c a l  mission of 

the  LACROSSE system were f i n a l l y  approved and publ i shed  on 13 June 1957. 

The General  Support F i e l d  A r t i l l e r y  Guided M i s s i l e  System was t o  be 

employed a s  corps  a r t i l l e r y  i n  gene ra l  suppor t  and r e i n f o r c i n g  r o l e s  

a g a i n s t  a p p r o p r i a t e  personnel and m a t e r i e l  t a r g e t s ,  inc lud ing  heavy 

f o r t i f i c a t i o n s .  The system was t o  be capable  ,of d e l i v e r i n g  a c c u r a t e  

c l o s e  suppor t  f i r e  and have the  genera l  support  m o b i l i t y  t o  permit  

t a c t i c a l  employment s i m i l a r  t o  t h a t  of medium a r t i l l e r y .  To in su re  a  

h igh  degree of mob i l i t y  and f l e x i b i l i t y  of ope ra t i ons  i n  c e r t a i n  t a c t i c a l  

s i t u a t i o n s ,  i t  was t o  have the  c a p a b i l i t y  of be ing  t r anspo r t ed  by h e l i -  

c o p t e r .  Under t he  new ope ra t i ona l  concept ,  t he  forward observer  s e c t i o n s  

would be organized and equipped t o  work i n  conjunc t ion  wi th  d i v i s i o n  

a r t i l l e r y  i n  support  of a i r b o r n e ,  i n f a n t r y ,  and armor u n i t s .  A l l  forward 

guidance equipment was t o  be man- t ranspor tab le  and each s e c t i o n  capable  

of o p e r a t i n g  e i t h e r  dismounted o r  from a 114-ton t ruck .  

10. ( U )  OTCM Item 36066, "Close Support A r t i l l e r y  Guided M i s s i l e  
. . . Statement  of M i l i t a r y  C h a r a c t e r i s t i c s , "  19 J a n  56. See Document 7 .  

11. (U)  Supplement op. c i t . ,  p.  3 .  
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9 To s a t i s f y  t h e  ope ra t i ona l  requirements  of t h e  expanded t a c t i c a  1 

miss ion ,  i t  was necessary t o  modify c e r t a i n  performance c h a r a c t e r i s t i c s  

of  t h e  LACROSSE weapon system. Among these  changes were s u b s t a n t i a l  

i n c r e a s e s  i n  requi red  m i s s i l e  range and i n  t h e  extended guidance range.  

The maximum requi red  m i s s i l e  range was increased  from 20,000 t o  30,-000 

me te r s ,  and t h e  maximum d e s i r e d  range from 30,000 t o  35,000 meters .  The 

r equ i r ed  maximum guidance range (u s ing  e x t e r n a l  d a t a )  was increased  from 

15,000 t o  20,000 meters ,  and t h e  d e s i r e d  range from 20,000 t o  35,000 

meters .  System accuracy s p e c i f i c a t i o n s  c a l l e d  f o r  a CPE of two (2)  t o  

f i v e  (5') meters  a t  5,000 t o  8,000 meters  guidance range,  and a CPE of 
12 30 t o  40 meters  a t  extended guidance ranges of 20,000 t o  35,000 meters .  

& These changes i n  LACROSSE performance requirements ,  coupled 

w i t h  t h e  product ion e f f o r t  s t r e t c h - o u t  and delayed r e l e a s e  of FY 59 

product ion  funds,  l ed  t o  a s l i ppage  of some fou r  months i n  t h e  Ordnance 

Readiness Date (from December 1958 t o  Apr i l  1959). It should a l s o  be 

noted t h a t  t h e  i n i t i a l  e f f o r t  a s s o c i a t e d  w i th  t h e  ex tens ion  of system 

performance commenced i n  t h e  1956-57 pe r iod  whi le  t h e  phased t r a n s f e r  

of  t e c h n i c a l  r e s p o n s i b i l i t y  was i n  p rog re s s .  This  no t  only ampl i f ied  

t h e  d i f f i c u l t i e s  normally encountered du r ing  the  t r a n s i t i o n  pe r iod ,  but  

a l s o  con t r ibu t ed  t o  de lays  i n  so lv ing  key t e c h n i c a l  problems. A s  w i l l  

be noted i n  thexnext chap te r ,  t h e  LACROSSE I Se rv i ce  Tes t s  began i n  

J u l y  1958 and were suspended fou r  months l a t e r ,  a l o n g  wi th  product ion 

a c t i v i t y ,  because of  s e r i o u s  weapon system d e f i c i e n c i e s .  The r e s u l t i n g  

de l ay  was r e spons ib l e  f o r  ano the r  program s l i p p a g e ,  t h i s  time t o  J u l y  

1959. This  Ordnance Readiness Date was a c t u a l l y  achieved a f t e r  a t o t a l  

s l i ppage  of twelve months. Yet,  t he  LACROSSE system i s sued  t o  Army 

u n i t s  f e l l  s h o r t  of requi red  performance c a p a b i l i t i e s  i n  a number of 

a r e a s .  The MC'S  e s t a b l i s h e d  f o r  a gene ra l  suppor t  f i e l d  a r t i l l e r y  

weapon system were never completely f u l f i l l e d .  13 

12. (U) OTCM Item 36527, General  Support F i e l d  A r t i l l e r y  Guided 
M i s s i l e  System - LACROSSE - Revision and Restatement of M c ' s ,  13 Jun  
57. See Document 8 .  

13. (U) Fac t  Sheet ,  "LACROSSE Ordnance Readiness Dates ," prepared 
by ARGMA Cont ro l  Ofc. Also s e e  ARGMA H i s t  Summaries: Jan-Jun 60, pp. 
98-102; and Jul-Dec 60, pp. 120-24 
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I FI ik, Demons tratiomYstem F e a s i b i l i t y  (U) 

& During t h e  1951-53 pe r iod ,  t he  e f f o r t  a t  Corne l l  was p r i n c i p a l l y  

concerned wi th  t h e  development and f i e l d  t e s t  of LACROSSE guidance com- 

ponents .  From t h e  very o u t s e t  of t he  program i n  1947, Corne l l  engineers  

had recognized t h a t  t h e  achievement of t h e  r equ i r ed  guidance accuracy 

would be t h e i r  most d i f f i c u l t  problem. A f t e r  cons ide r ing  a number of 

p o s s i b l e  guidance schemes they concluded t h a t  t h e  STEER system could be 

developed t o  meet o r  exceed LACROSSE s p e c i f i c a t i o n s .  While t he se  e a r l y  

i n v e s t i g a t i o n s  were not  s u f f i c i e n t l y  thorough t o  p o s i t i v e l y  prec lude  

t h a t  a b e t t e r  system might be conceived, t h e  c u r r e n t  s t a t e  of t h e  guided 

m i s s i l e  a r t  i nd i ca t ed  t h a t  development of a more e f f e c t i v e  system w i t h i n  

t h e  same time and c o s t  would be h igh ly  improbable.  Corne l l  thus recom- 

mended i n  March 1950, t h a t  development of t h e  STEER guidance system be 

commenced immediately, r a t h e r  than sea rch  f u r t h e r  f o r  "an i d e a l  system. 1 1  14 

X )  The t r a n s i t i o n  of LACROSSE from a f e a s i b i l i t y  s tudy  t o  a hard-  

ware program occurred wi th  t he  i n i t i a t i o n  of P r o j e c t  STEER i n  J u l y  1950. 

During t h i s  i n t e r i m  program, completed i n  February 1951, Cornel l  conducted 

f u r t h e r  d e t a i l e d  s t u d i e s  of t he  STEER guidance scheme and f a b r i c a t e d  

breadboard models of key components, i nc lud ing  t h e  command computer, 

o p t i c a l  t r a c k e r ,  and r ad io  l i n k .  l5 Having thus  reaf f i rmed t h a t  t h e  

proposed termina 1 guidance scheme was technica  1 l y  f e a s i b l e ,  p r o j e c t  

eng inee r s  turned t o  t he  more exac t ing  t a s k  of demonstrat ing t h e  

o p e r a t i o n a l  f e a s i b i l i t y  of t h e  system i n  a c t u a l  f i e l d  t e s t s .  

4 CCI) Pilot-Monitored Airplane Tes t s  (U) 

8) The prime ob jec t ives  of t h i s  e a r l y  hardware t e s t  phase were t o  

e s t a b l i s h  t h e  ope ra t i ona l  f e a s i b i l i t y  of t h e  b a s i c  STEER c o n t r o l  and 

guidance scheme, and t o  eva lua t e  performance of t h e  i n t e r i m  system 

components. Corne l l  chose t o  do t h i s  by guid ing  a n  instrumented 

- 

14. (U) See s ec t ions  d e a l i n g  wi th  s t u d i e s  conducted under Navy 
c o n t r a c t s ,  Chap I .  The ope ra t i ona l  concept of t h e  STEER system i s  
de sc r ibed -and  i l l u s t r a t e d -  on pp. 11- 13. 

15. (U) See s e c t i o n  dea l ing  wi th  t h e  i n t e r i m  
p .  18. Also s ee  Document 3.  

Army program, Chap I ,  



Beechcraf t  AT-7 a i r p l a n e ,  which s imulated the  m i s s i l e ,  a long  a  pre-  

determined f l i g h t  path.  Data on the  a i r c r a f t ' s  p o s i t i o n  i n  space were 

obtained from a n  o p t i c a l  t r a c k e r  and e l e c t r o n i c  Dis tance  Measuring 

Equipment (DME), and fed  t o  a  guidance computer which determined 
* 

p o s i t i o n  e r r o r  wi th  r e spec t  t o  the  "con t ro l  l i n e . "  The e r r o r  s i g n a l ,  

t r ansmi t t ed  t o  the  a i r p l a n e  through a  r a d i o  command l i n k ,  was displayed 

t o  the  p i l o t  by c ros s -po in t e r s  on the  instrument  pane l .  By maneuvering 

s o  a s  t o  keep t h e  c ros s -po in t e r s  a t  zero ,  t he  p i l o t  a t tempted t o  reduce 

the  off-beam e r r o r s  t o  ze ro ,  thus r e p l a c i n g  the  a i r b o r n e  servos.  

(U) Using the  s t r i n g e n t  LACROSSE system MC'S  a s  a  guide,  p r o j e c t  

engineers  wrote t e n t a t i v e  s p e c i f i c a t i o n s  f o r  t h e  va r ious  components i n  

t he  f i e l d s  of e l e c t r o n i c  DME, the  o p t i c a l  and r ada r  t r a c k e r s ,  and the  RF 

(Radio Frequency) command l i n k .  Since t h e  u l t ima te  goal  of LACROSSE was 

a  m i l i t a r y  m i s s i l e  system, they had no t  only the  o b j e c t i v e s  of STEER i n  

mind, bu t  i n  a d d i t i o n  the  more a c u t e  problem of component s u i t a b i l i t y  i n  

terms of s i z e ,  weight,  and r e l i a b i l i t y  f o r  t he  i n t e r i m  and prototype 

m i s s i l e  systems. Real iz ing  t h a t  t h e  s t a t e  of t he  a r t  i n  t hese  f i e l d s  

d i d  not  f u l l y  meet t h e  LACROSSE s p e c i f i c a t i o n s ,  they decided i n  t he  case 

of t he  STEER program t o  accept  on- the-she l f  components t h a t  would r equ i r e  

a  minimum of modi f ica t ion  by the  manufacturer f o r  q u a l i f i c a t i o n .  

(U) As an  expedient necessary f o r  a n  e a r l y  demonstrat ion,  a  

Government-furnished MK-51 Gun D i r e c t o r  was modified a t  Corne l l  t o  se rve  

a s  the  o p t i c a l  angular  t r a c k e r .  Other i tems of Government-furnished 

equipment (GFE) included a  K-60 t ruck  t o  house t h e  ground s t a t i o n  equip- 

ment, a n  AT-7 a i r c r a f t ,  and a n  M-10 ammunition t r a i l e r .  A i r  Assoc ia tes  

suppl ied  a n  appropr i a t e ly  modified RF command l i n k .  The range o r  

d i s t a n c e  measurement equipment (DME) used was the  Hast ings company's 
** 

(HICO) Raydist  system, which had some l imi t ed  f i e l d  survey usage. 

* I n  STEER Guidance, the "con t ro l  l i ne"  i s  a  f i c t i t i o u s  l i n e  ex- 

tending  from the  t a r g e t  t o  the  reg ion  where te rmina l  guidance ( o r  
forward observer)  takes over c o n t r o l  of t he  m i s s i l e ,  t he  l a t t e r  being 
launched from a  rearward p o s i t i o n .  The forward observer  i s  suppl ied  
wi th  t r ack ing ,  ranging,  computing, and r ad io  command l i n k  equipment. 

** (U) Also known by the  code name HICO-DME. See i d e n t i f y i n g  no te  on 
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(U) P r e l i m i n a r y  e v a l u a t i o n  t e s t s  of t h e  HIGO-DblE showed t h a t  t h e  

equipment d i d  n o t  measure range w i t h  t h e  c o n s i s t e n c y  and accuracy 

r e q u i r e d ,  and  t h a t  t h e  c a l i b r a t i o n  d i d  n o t  h o l d  from day t o  day. Under 

optimum c o n d i t i o n s  of p r o p a g a t i o n  and equipment a d j u s t m e n t s ,  a  25- foo t  

a c c u r a c y  was o b t a i n e d  on t h e  f i n e  ( 5 0 0 - f o o t )  channe l .  I n a b i l i t y  of t h e  

equipment t o  h o l d  c a l i b r a t i o n  f o r c e d  t h e  a d o p t i o n  of a n  i n - f l i g h t  

c a l i b r a t i o n  t echn ique ,  and  t h e  c o n s t a n t  range e r r o r  of about  500 f e e t  

was a c c e p t e d  r a t h e r  t h a n  i n c u r  t h e  c o s t s  i n  t ime  and equipment n e c e s s a r y  

t o  improve performance,  

(a3 During t h e  p e r i o d  9  August t o  19 November 1951, 11 p i l o t -  

moni tored f l i g h t s  were made, most of them i n c l u d i n g  a b o u t  seven t e s t  

r u n s .  The d u r a t i o n  of each f l i g h t  was a b o u t  two h o u r s .  The t e s t  l o c a l e  

f o r  t h e  second and  e l e v e n t h  f l i g h t s  was n e a r  t h e  B u f f a l o  A i r p o r t ;  a l l  

o t h e r  f l i g h t s  were made a t  a  Cornell-owned t e n - a c r e  s i t e  on t h e  s o u t h  

s h o r e  of Lake O n t a r i o ,  n e a r  Wilson,  New York. The Wright A i r  Develop- 

ment C e n t e r  provided t h e o d o l i t e  s e r v i c e s ,  i n c l u d i n g  t h e  ins t ruments  and 

a  t e c h n i c a l  crew f o r  o p e r a t i n g  them. The h y p o t h e t i c a l  t a r g e t  was 

l o c a t e d  2,500 f e e t  o f f - s h o r e  a t  a n  a l t i t u d e  of 2,000 f e e t .  Equipment 

l o c a t e d  on t h e  ground c o n s i s t e d  of t h e  HICO-DME, t h e  MK-51 o p t i c a l  

a n g u l a r  t r a c k e r  ( s p e c i a l l y  modi f i ed  by C o r n e l l ) ,  t h e  i n t e r i m  computer, 

t h e  r a d i o  command l i n k ,  and  a u x i l i a r y  communication equipment t o  

c o o r d i n a t e  t h e  t e s t s .  C a r r i e d  i n  t h e  B e e c h c r a f t  AT-7 were t h e  command 

l i n k  r e c e i v e r ,  e l e c t r o n i c  DME t r a n s p o n d e r ,  t h e  p i l o t ' s  c r o s s - p o i n t e r s ,  

and  a u x i l i a r y  communication equipment.  

(U) The g e n e r a l  op in ion  of t h o s e  p a r t i c i p a t i n g  i n  t h e  t e s t s  was 

t h a t  t h e  HICO-DME r e p r e s e n t e d  t h e  weakest  l i n k  i n  t h e  STEER guidance 

sys tem.  An a n a l y s i s  of t h e  t e s t  d a t a  showed t h a t  t h i s  equipment was 

t h e  l a r g e s t  s o u r c e  of e r r o r  and t h a t  t h e  m i s s  d i s t a n c e s  recorded would 

have been much less i f  t h e  equipment had p rov ided  c o r r e c t  range.  It 

was concluded t h a t  STEER guidance was a  " p r a c t i c a l  system" and,  w i t h  

improved components, t h e  o v e r - a l l  a c c u r a c y  would meet reasonab le  

performance s p e c i f i c a t i o n s .  l6 A t a b l e  showing t h e  g e n e r a l  r e s u l t s  of 

16.  (U) Cook, S.  P . ,  " ~ i l o t  Moni tored A i r p l a n e  F l i g h t  T e s t s  of t h e  
LACROSSE STEER Guidance System," CAL Rept N r .  BE-745-T-105? -Jan 53, 
RSIC. Also s e e  Sacher  Rept BE-745-T-149, o p P  tit-.. pp. 89-95. 
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,?ach f l i g h t  i s  presen ted  i n  Document 9 .  

ik, Group "0" Program (U) 

(U) The des ign  phase of  t he  Group 0 n o n - t a c t i c a l  p ro to type  guidance 

system a c t u a l l y  began i n  l a t e  1951 and cont inued u n t i l  March 1953. 

F i e l d  t e s t s  began i n  Apr i l  1953 and cont inued through l a t e  January 1954. 

The l e v e l  of e f f o r t  f o r  FY 1952-53 was e s t a b l i s h e d  i n  January 1952. I n  

a memorandum t o  t h e  R&D Board, t h e  A s s i s t a n t  S e c r e t a r y  of Defense recom- 

mended t h a t  t h e  LACROSSE R&D program be funded f o r  $3.7 m i l l i o n  i n  FY 

1952 and $3.2 m i l l i o n  i n  FY 1953. Actual  programs r e l e a s e d  f o r  t he se  

two y e a r s  were $3.9 mi l l i on  and $4.0 m i l l i o n ,  r e s p e c t i v e l y .  But w i th  

t h e  a u s t e r e  funding of $ 3 . 1  m i l l i o n  f o r  FY 1954 e f f o r t ,  FY 1953 funds 

had t o  be s t r e t c h e d  out  and t h e  l e v e l  of e f f o r t  reduced accord ingly .  
17 

Poss ib ly  c o n t r i b u t i n g  t o  t h e  reduced funding d e c i s i o n  were 

comments and recommendations made du r ing  a conference on su r f ace - to -  

s u r f a c e  missiles (SSM) h e l d  a t  F o r t  Monroe, V i r g i n i a ,  l a t e  i n  A p r i l  1953. 

The purpose of t h i s  conference was t o  review t h e  c u r r e n t  Army SSM pro- 
* 

gram, t o  develop a p r i o r i t y  l i s t  of SSM p r o j e c t s ,  and t o  make recom- 

mendations a s  t o  t h e  d e s i r a b i l i t y  of  t h e s e  p r o j e c t s  f o r  Army use.  

S i g n i f i c a n t  comments and recommendations concerning t h e  LACROSSE 

program a r e  quoted below (unde r l i ne  s u p p l i e d ) .  

'4 
02') . . . Technical  problems inc lude  ranging  and a c q u i s i t i o n  

of m i s s i l e .  The c o s t  t o  date i s  8.8 m i l l i o n  d o l l a r s  wi th  
a n  es t imated  t o t a l  c o s t  of 20-27 m i l l i o n  d o l l a r s .  Handling 
problems include heavy forward obse rve r  equipment. Mainte- 
nance i s  complicated. Limited employment foreseen .  

U 
& . . . Fourth p r i o r i t y  - This  missile w i l l  p a r t i a l l y  f u l f i l l  

a requirement . . . f o r  a h igh ly  a c c u r a t e  c lose-suppor t  
m i s s i l e .  This  p r o j e c t  should cont inue  on low p r i o r i t y  
u n t i l  f e a s i b i l i t y  of  guidance system and components a r e  

* (U) Inc lud ing  t h e  CORPORAL, HERMES A-2, HERMES A-3, LACROSSE,REDSTONE, 
and HERMES C-1-l is ted i n  t h e  o r d e r  of e s t a b l i s h e d  p r i o r i t y .  

17. (U) LACROSSE Blue Book, op. c i t . ,  p.  7;  and L e t t e r ,  ARGMA Dep 
Comdr t o  OCO, 15 J u l  60, s u b j  "House Committee on Appropr ia t ions  - 
LACROSSE," w/10 I n c l s  ( i nc lud ing  P r e s e n t a t i o n  oh'LACROSSE Development 
and funding  t a b l e s ) .  Compl f i l e  of l a t t e r  document i n  AT & Fld  Arty 
Weapon System P r o j  Ofc, Army Missile Command. 



demonstrated. The LACROSSE p r o j e c t  should be terminated 
a s  a  weapons p r o j e c t .  I f  t he  guidance system i s  success-  
f u l ,  p r o j e c t  should then be r e o r i e n t e d  t o  meet new requ i r e -  
ment f o r  a  l i g h t  weight inexpensive m i s s i l e  capable  of h igh  
accuracy wi th  g rea t  d e s t r u c t i o n  power u t i l i z i n g  forward 
observer  con t ro l .  18 

(U) During the  design phase of t he  croup 0 program, R&D e f f o r t  was 

focused on t h e  s e l e c t i o n  of e x i s t i n g  hardware t h a t  could be modified 

f o r  use i n  t h e  program, the  i n v e s t i g a t i o n  of problem a r e a s  i n  e x i s t i n g  

equipment, and the  development of a  f i e l d  t e s t  program. Two b a s i c  

systems us ing  STEER guidance were developed: an A l l  Weather (AW) system 

and a  F a i r  Weather (EV) system. The l a t t e r  system used some o p t i c a l  

components, whi le  t h e  AW system used only e l e c t r o n i c  components except  

f o r  obse rve r - to - t a rge t  ranging. Once che AW system was s e t  up i t s  

o p e r a t i o n  was completely automatic ,  i n  t h a t  t h e  e l e c t r o n i c  DME and 

angu la r  t r a c k e r  operated without  manua 1 a s s  i s t a o c e  o t h e r  than monitor ing.  

The FW system, on the  o the r  hand, r equ i r ed  a  human ope ra to r  t o  ope ra t e  

t he  o p t i c a l  angu la r  t r a c k e r .  Each s e t  of forward guidance s t a t i o n  

equipment included a  t r a c k e r ,  a  ranger  (DME), and a s s o c i a t e d  computers. 

The command l i n k  between the  guidance s t a t i o n  and m i s s i l e  was designed 

t o  ope ra t e  w i th  e i t h e r  system. 

ikj AW Forward Guidance S t a t i o n  (U) 

& Radar Tracking System. The AN/APC-26 r a d a r ,  b u i l t  by Dalmo 

Vic to r  under subcont rac t  t o  Westinghouse, was s e l e c t e d  a s  t he  i n t e r i m  

AW r a d a r  t r a c k e r  on the  b a s i s  of l igh tweight  and ea se  of mod i f i ca t i on .  

This  r a d a r  was a n  X-band u n i t  weighing 155 l b s .  and us ing  a  10-inch 

r o t a t i n g  d i s h  a s  a  r a d i a t o r .  I t s  t r a c k i n g  accuracy was 4.4 mi l s  i n  

azimuth and e l e v a t i o n .  Modif icat ions c c n s i s t e d  of conver t ing  t h e  r ada r  

from a n  a c t i v e  t r a c k e r  t o  a  pass ive  t r a c k e r ,  and c u t t i n g  o f f  h a l f  of one 

gimbal r i n g  and s u b s t i t u t i n g  a n  18-inch d i s h  f o r  t h e  10-inch d i s h ,  t he  

l a t t e r  change inc reas ing  the  t r a c k i n g  accaracy  t o  2.0 mi l s .  The 

18. (U) L t r ,  Chief of Army F i e l d  Forces  t o  OCO-ORDm, e t  a l . ,  
28 May 53, sub j  "Le t t e r  of Transmi t ta l  No 21-5-9," w / l n c l :  Memo f o r  
Record, sub j  "Minutes of Conference on Sur face- tc -Sur face  Cuided 
M i s s i l e s ,  F o r t  Monroe, V i rg in i a ,  22-23 A p r i l  1953." 
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a i r - b o r n e  beacon s e l e c t e d  f o r  use wi th  t h e  AN/APG-26 r ada r  was a modified 

AN/DPN-12 f ree- running  X-band pulse  modulated beacon, designed by the 

P a c i f i c  Div is ion  of Bendix Aviat ion Corporat ion.  

Y 
(,&$ Radio Ranging Equipment. A t  t h e  conclusion of t he  subcontract  

wi th  H I C O ,  t h e  ranging equipment s t i l l  was not  s u i t a b l e  f o r  immediate 

a p p l i c a t i o n  t o  LACROSSE and s e v e r a l  major problems were y e t  unsolved. 

Among these  were m i n i a t u r i z a t i o n  of ground and a i r -bo rne  equipment, 

development of an  output  range t ransducer ,  and the  de te rmina t ion  of 

accuracy performance of equipment. Consequently , Cornel l  placed a sub- 

c o n t r a c t  w i th  HICO t o  conduct f i e l d  t e s t s  of "range only" equipment and 

perform necessary  modi f ica t ion  t o  ob ta in  s a t i s f a c t o r y  opera t ion  i n  range 

measurement, provide t echn ica l  l i a i s o n  dur ing  Corne l l  t e s t s ,  and design 

and cons t ruc t  a s u i t a b l e  range output  t r ansduce r .  

& I n  view of t h e  importance of e l e c t r o n i c  d i s t a n c e  measuring 

equipment, Corne l l  conducted a survey of DME manufacturers and obtained 

a comparative eva lua t ion  of t h e  var ious  devices  a v a i l a b l e .  It was found 

t h a t  Convair had under development s u i t a b l e  DME ope ra t ing  a t  72 and 144 

megacycles. Corne l l  gave Convair a three-month c o n t r a c t  f o r  de l ive ry  

of DME s i m i l a r  t o  t h a t  a l r e a d y  under development f o r  the  AZUSA system. 

The ground s t a t i o n  f o r  t h i s  equipment was i n  a s tandard  r e l a y  rack and 

weighed about  600 l b s .  I n  t h i s  form i t  was not  considered s u i t a b l e  f o r  

u l t i m a t e  LACROSSE use ;  however, i t  d id  r ep re sen t  equipment t h a t  could 

be made a v a i l a b l e  i n  a very s h o r t  t ime. The only change requi red  was 

a s h i f t  of ope ra t ing  f requencies  t o  36.5 and 73 megacycles t o  make the  

ground equipment compatible wi th  an tennas  a l r e a d y  b u i l t  i n t o  t h e  t e s t  

veh ic l e  a i r f r ame .  Because Convair was no t  i n t e r e s t e d  i n  f u r t h e r  

LACROSSE work-namely, t he  redes ign  of equipment f o r  LACROSSE 

appl ica t ion-Corne l l  gave the  Cubic Corporat ion a subcont rac t  f o r  

f u r t h e r  DME development. 

2 The Group 0 DME was s i m i l a r  i n  design t o  t h e  o r i g i n a l  Convair 

equipment. I t s  ope ra t ing  f requencies  were changed t o  44.8 and 89.6 

megacycles t o  be compatible wi th  t h e  r a d i o  f requencies  a l l o c a t e d  the  

LACROSSE p r o j e c t  a t  White Sands M i s s i l e  Range. To meet t h e  time 



schedule  f o r  the  ~ r o u ~ 7  f i r i n g  program, Corne l l  had t o  accep t  

Corpora t ion  equipment before  a l l  s p e c i f i c a t i o n s  had been met. 

"debugging" and f i n a l  engineer ing  of t h i s  s e t  of equipment was 

t he  Cubic 

The 

done by 

Corne l l  engineers .  F ive  t ransponders  f o r  use i n  t h e  c o n t r o l  t e s t  

veh i c l e s  were rece ived  a s  p a r t  of t h e  Cu,bic c o n t r a c t .  Corne l l  s e l e c t e d  

Sylvania  E l e c t r i c  Products ,  I n c . ,  a s  t h e  product ion  subcon t r ac to r  f o r  

t h e  remainder of t he  t ransponders  r equ i r ed  f o r  t h e  Group 0 program. 

(U)  AW Computer. The AW computer f o r  use w i t h  t h e  ANJAPG-26 radar  

t r a c k e r  and DME was developed by P ro fe s so r  W .  E. Meserve, of Corne l l  

Univers i t y  . 
Y 

Command Link. The C o l l i n s  Radio Company developed c o m n d  l i n k  

equipment f o r  m i s s i l e  con t ro l  under subcon t r ac t  t o  Corne l l .  The Co l l i n s  

s t anda rd  ANJARW-55 t r a n s m i t t e r  and ANJARW-59 a i r - b o r n e  r e c e i v e r  were 

used wi th  new modulator and demodulator u n i t s  t o  provide two p ropor t i ona l  

channels  and s i x  "on-off" channels of in format ion .  This  equipment 

proved t o  be very s a t i s f a c t o r y .  It was used n o t  on ly  i n  t he  Group 0 

program, bu t  a l s o  without  change i n  t h e  Group A program which followed. 

I n  r edes ign ing  t h e  Forward Guidance S t a t i o n  (FGS) equipment f o r  proto-  

type use ,  t h e  Federa l  Telecommunica~icns Laboratory (FTL) repackaged t h e  

o r i g i n a l  C o l l i n s  des ign ,  adding t h e  r equ i r ed  c i r c u i t  f o r  continuous wave 

(CW) ranging.  

3 Opt i ca l  Tracker and Ranger. An o p t i c a l  system was o r i g i n a l l y  

s e l e c t e d  f o r  angular  t r ack ing  of t he  m i s s i l e  f o r  a  l% system because 

t h e  e r r o r s  inheren t  i n  such a  system were g e n e r a l l y  l e s s  than  e r r o r s  

r e s u l t i n g  from t h e  then cu r r en t  r ada r  angu la r  t r a c k i n g  systems. Op t i ca l  

t r a c k i n g  a l s o  o f f e r e d  a  v i r t u a l l y  jam-proof system, whi le  r ada r  was 

s u s c e p t i b l e  t o  jarmning by t h e  enemy. I n  t h e  course  of i n v e s t i g a t i n g  

o p t i c a l  t r a c k e r s  and d i s t ance  measuring equipment. Corne l l  found t h a t  

t he  Farrand Op t i ca l  Company, Inc .  (FOCI) had developed, under a  Navy 

c o n t r a c t ,  a  pulsed l i g h t  range f i n d e r  which opera ted  by measuring t h e  

t r a n s i t  time of a  l i g h t  pu lse  from observer  t o  t a r g e t  and r e t u r n .  It 

appeared p o s s i b l e  t o  use t h e  d i s t a n c e  measuring equipment t o  measure 



t a r g e t  range i n i t i a l l y ,  and inue with t h e  m i s s i l e  

t r a c k i n g  and ranging assignment.  Consequently, Cornel l  gave FOCI a 

subcont rac t  f o r  a  pulsed l i g h t  range t r a c k e r  and two computers-a 

guidance computer f o r  m i s s i l e  con t ro l  and a  r a t e  p red ic t ion  computer 

f o r  t r a c k e r  e l e v a t i o n  and azimuth d r i v e .  S p e c i f i c  func t ions  of t h i s  

equipment were t o  provide f o r  semi-automatic t r ack ing  of t he  m i s s i l e ,  

whenever weather permit ted;  t o  measure con t inua l ly  and automatica l l y  

(by pulsed l i g h t  technique) t he  range t o  t h e  m i s s i l e ;  and t o  compute 

s i g n a l s  which would d i r e c t  t he  m i s s i l e  a long  predetermined guide beams. 

(U) Although t h e  LACROSSE performance s p e c i f i c a t i o n s  requi red  t h a t  

t he  system be capable of a l l  weather ope ra t ion ,  t he  f a i r  weather 

guidance system was developed on t h e  b a s i s  t h a t  i t  would be ready f o r  

f i e l d  t e s t  opera t ions  i n  advance of t h e  a l l  weather system. The 

o p e r a t i o n a l  l i m i t a t i o n s  of t h e  FW guidance system, coupled wi th  the  

development s t a t u s  of t he  o p t i c a l  t r a c k e r  and t h e  FY 1953 funding 

r e s t r i c t i o n s ,  l ed  t o  a  dec i s ion  i n  August 1953 t o  drop the  F@ approach 

i n  favor  of t he  a l l  weather guidance system. A t  t h i s  time, t h ree  f l i g h t  

t e s t s  had been made using the  FW guidance equipment. 

(U) Group 0 Control Test  Vehicle  

(U) Since i t  had been e s t a b l i s h e d  i n  e a r l i e r  s t u d i e s  t h a t  t he  

pro to type  LACROSSE m i s s i l e  would be a  cruciform, winged type s i m i l a r  t o  

t h e  LARK, i t  was decided t o  procure LARK a i r f rames  from the  F a i r c h i l d  
* 

Engine & Airplane Company f o r  t h e  Group Zero t e s t  program. These a i r -  

frames were r e a d i l y  a v a i l a w e  and could be modified t o  s imula te  the  

LACROSSE m i s s i l e .  The major work r equ i r ed  was i n s t a l l a t i o n  of LACROSSE 

guidance and te lemeter ing  components. Aerodynamic c o n t r o l  i n  p i t c h  and 

yaw was by f l a p s  on the  v e r t i c a l  and h o r i z o n t a l  wings, r e spec t ive ly ;  

r o l l  c o n t r o l  was by f l a p s  on a l l  fou r  rudderva tors .  A cut-a-way drawing 

of t h e  LACROSSE Group Zero Vehicle  i s  shown i n  Figure 7 .  

(U) The Army requested t h a t  t he  unpowered RV-A-22 t e s t  veh ic l e  be 

made ready f o r  a i r  drop t e s t s  wi th  a  m i n i m u m  of design e f f o r t .  

* (u) See note  r e l a t i n g  t o  t$e n  p. 8.  
- 4 .  C . .  
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Environmental condi t ions  were r e l axed ,  s i n c e  very low l e v e l s  of v i b r a t i o n ,  

shock, and a c c e l e r a t i o n s  would be seen  by t h e  m i s s i l e  except  f o r  t h e  

s h o r t  time a t  p i t c h  down. This  was important  s i n c e  i t  permi t ted  t he  use 

of o f f - t h e - s h e l f  i t e m s  f o r  t h e  power source and gyros;  and t h e  remaining 

f l i g h t  equipments d i d  no t  have t o  be developed t o  a  high s t a t e .  The 

o b j e c t  was t o  g e t  a  c o n t r o l l a b l e  m i s s i l e  having t h e  necessary pe r fo r -  

mance wi th  a  minimum of e f f o r t  and t i m e .  For l a t e r  m i s s i l e s ,  however, 

i t  was recognized t h a t  high performance and s i z e  r educ t ion ,  r a t h e r  than 

moderate performance coupled wi th  b e s t  a v a i l a b i l i t y ,  would be t he  

o b j e c t i v e .  
19 

$# Group Zero Test  Program (U) 

(U) The b a s i c  o b j e c t i v e s  of t h e  Group Zero t e s t  program were t o  

demonstrate  conc lus ive ly  the  f e a s i b i l i t y  of t h e  proposed te rmina l  guidance 

system and t o  s tudy  the  ope ra t i on  of t he  va r ious  guidance system com- 

ponents from t h e  viewpoint of t h e i r  a b i l i t y  t o  meet t h e  r equ i r ed  accuracy 

and performance s p e c i f i c a t i o n s .  

(U) The LACROSSE te rmina l  guidance phase begins  a t  t he  po in t  where 

c o n t r o l  of t h e  m i s s i l e  i s  acqui red  by t h e  guidance equipment a t  t h e  

forward observer  s t a t i o n .  To s e p a r a t e  t h e  s tudy  of t h i s  phase from 

dependence upon t h e  launch and midcourse phases ,  t he  Group 0 p lan  was t o  

f e r r y  a n  unpowered RV-A-22 t e s t  v e h i c l e  i n t o  t h e  te rmina l  region us ing  

a  modif ied B26 bomber. When, a f t e r  r e l e a s e ,  t h e  t e s t  veh i c l e  had s a f e l y  

c l e a r e d  t h e  a i r c r a f t ,  a  d ive  command was g iven ,  and the  r e s u l t i n g  

maneuver brought t h e  veh ic l e  i n t o  t h e  t e rmina l  pa th .  Guidance a l o n g  

t h i s  pa th  t o  t h e  t a r g e t  was t h e r e a f t e r  maintained by c o n t r o l  from the  

forward guidance s t a t  ion .  

(U) The White Sands M i s s i l e  Range was s e l e c t e d  a s  t h e  base f o r  

Group 0 t e s t s  p a r t i a l l y  because of t h e  a v a i l a b i l i t y  of hangar and 

19. (U) The f u l l  s t o r y  of LACROSSE Group 0 des ign  e f f o r t  i s  r e -  
corded i n  t h e  fo l lowing  CAL Prog re s s  Repts ,  prepared by A .  Ahl in ,  A s s t  
Guided M i s s i l e  Coordinator :  Rept N r .  BE-745-T-5, Jan-Mar52; BE-745-T-6, 
Apr-Jun52; BE-745-T-7, Jul-Sep52; BE-745-T-8, Oct-Dec52; and BE-745-T-9, 
Jan--1-53, RSIC. Also s ee  Sacher Rept BE-745-T-149, op. c i t . ,  pp. 63-86. 



maintenance f a c i l i t i e s  f o r  the  B26 a i r c r a f t  a t  nearby Holloman A i r  Force 

Base. Corne l l  made arrangements through OCO f o r  a n  assembly bu i ld ing  

and range f a c i l i t i e s  a t  White Sands and f o r  hangar and maintenance 

f a c i l i t i e s  a t  Holloman. Components of t h e  forward guidance s t a t i o n  were 

s e t  up on a concre te  pad loca ted  about  2,600 f e e t  south and 1,500 f e e t  

e a s t  of the  t a r g e t  pole .  The p o s i t i o n  i n  space of the  t e s t  veh ic l e  was 

t racked by a v a i l a b l e  t heodo l i t e  s t a t i o n s  i n  the  range a r e a .  

(U) Between 24 Apr i l  1953 and 21 January 1954, e i g h t  RV-A-22 

LACROSSE t e s t  veh ic l e s  were a i r -  launched i n  t he  Croup Zero program, 

t h r e e  of them us ing  FW guidance components and the  o the r  f i v e  us ing  the  

AW system. Or ig ina l  t e s t  plans c a l l e d  f o r  a t o t a l  of 10 f l i g h t s ;  

however, Redstone Arsenal ,  OCO, and Corne l l  j o i n t l y  agreed t h a t  the  

r e s u l t s  of t he  f i r s t  e igh t  f l i g h t  t e s t s  had s a t i s f i e d  t h e  program 

o b j e c t i v e s  by demonstrating the  accuracy ob ta inab le  wi th  the  terminal  

guidance system. F l i g h t  t e s t i n g  of t he  l a s t  two rounds was the re fo re  

postponed i n d e f i n i t e l y .  
2 0 

Q (p) FW Guidance Tes t s .  Of the  t h r e e  f l i g h t  t e s t s  us ing  FW guidance 

components, two (S/N-1, 24 Apr 53; S/N-4, 10 Aug 53) were considered 

e s s e n t i a l l y  succes s fu l  i n  o v e r - a l l  ope ra t ion ,  though impact e r r o r s  were 

excess ive .  

'4 
Le) I n  the  f i r s t  t e s t  f l i g h t ,  the FW guidance components performed 

very w e l l  from the  s tandpoint  of ranging,  computing, and t ransmiss ion  of 

command s i g n a l s  t o  the  veh ic l e .  Response of v e h i c l e  c o n t r o l s  t o  command 

s i g n a l s  was equa l ly  good. However, t he  veh ic l e  v e l o c i t y  a t  r e l e a s e  was 

lower than p r e f l i g h t  c a l c u l a t i o n s  had assumed, and the  te rmina l  guidance 

con t ro l  l i n e  e r ec t ed  t o  a n  ang le  lower than o r i g i n a l l y  intended.  Aero- 

dynamic l i f t  was i n s u f f i c i e n t  f o r  the veh ic l e  t o  a c q u i r e  the  con t ro l  

l i n e ,  wi th  a r e s u l t i n g  impact po in t  2,052 f e e t  s h o r t  and 372 f e e t  south 
* 

of the  t a r g e t .  

* 3 CAL engrs  made these  changes beginning wi th  SIN-4: Vehicle cen te r  
of g r a v i t y  moved back t o  25% of mean aerodynamic chord t o  i nc rease  
maximum l i f t ;  veh ic l e s  r e l ea sed  e a r l i e r  wi th  r e spec t  t o  c o n t r o l  l i n e  
p o s i t i o n  t o  minimize overshooting the  beam; a n  a c c u r a t e  c a l i b r a t i o n  
of c o n t r o l  l i n e  p o s i t i o n  made before  each launching. 

20. (U) Sacher Rept BE-7h5-T-149, Uv, pp. 99-110. 
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LACROSSE 3/12 ATTACHED TO 6-28 AIRCRAFT ( L e f t - r e a r  view) 

Figure 10 



te)l During the  con t rd l l ed  po r t ion  of  f l i g h t ,  SIN-4 followed a 

course c l o s e l y  approaching the  u l t ima te  o b j e c t i v e  of f i v e  meters  CPE, 

but  a malfunct ion i n  t he  r o l l  servo system a t  16.7 seconds a f t e r  launch 

caused t h e  veh ic l e  t o  go out of con t ro l  and i t  impacted about  1,200 f e e t  

s h o r t  and 300 f e e t  t o  t he  l e f t  of the  t a r g e t .  

il) The o t h e r  FW guidance t e s t  (SIN-3 on 17 Jun 53) was marred by 

a w i r ing  discrepancy i n  the  servo va lve  c o n t r o l  c o i l .  The - e s u l t i n g  f 
divergent  c o n t r o l  system caused the  v e h i c l e  t o  t u r n  sharp ly  and d ive ,  

impacting f a r  s h o r t  and t o  t h e  l e f t  of t he  t a r g e t .  2 1 

2) AAW Guidance Tes t s .  The f i v e  f l i g h t  t e s t s  u s ing  t h e  a l l  weather 

guidance components culminated i n  a convincing demonstrat ion t h a t  t he  

LACROSSE te rmina l  guidance system would meet performance requirements 

of t h e  t a c t i c a l  weapon. Vehicle SIN-6, a i r - l aunched  on 19 October 1953, 

was the  one and only f l i g h t  i n  which t h e  te rmina l  guidance system 

f a i l e d  t o  ach ieve  c losed  loop c o n t r o l ,  t he  AW t r a c k e r  l o s ing  t h e  m i s s i l e  

about one-half  second a f t e r  r e l e a s e .  I n  two of t h e  t e s t s  (SIN-2 on 

10 Jun 53 and SIN-5 on 21 Sep 532, t he  c o n t r o l  system was a b l e  t o  over- 

come c e r t a i n  ope ra t iona l  d i f f i c u l t i e s  and r e t u r n  the  m i s s i l e  t o  t h e  &ar 
& ' 

v i c i n i t y  of t he  con t ro l  l i n e ,  w i th  r e s u l t i n g  miss d i s t a n c e s  of 9 y a r d r  

and 47.8 ya rds ,  r e spec t ive ly .  But t he  r e a l  proof of con t ro l  system 

c a p a b i l i t y  came wi th  t h e  f l i g h t  t e s t  of SIN-8 and SIN-7, i n  January 1954. 

Although a four-second launch de lay  caused SIN-8 t o  overshoot the  con t ro l  

l i n e  by about  600 f e e t ,  the  con t ro l  system recovered completely wi th  

only f i v e  seconds of f l i g h t  time remaining and achieved a r a d i a l  miss 

d i s t a n c e  of 6 .5  yards .  The l a s t  f l i g h t  was a complete success ,  wi th  a 

r a d i a l  miss d i s t a n c e  of 6 .8  yards .  
2 2 

@) Summary and Evaluat ion (U) 

21. (U) Orlando, P .  J . ,  "Fl ight  Test  of Air-Launched LACROSSE 
RV-A-22, S e r i a l  No. 1," Mar 54, CAL Rept BE-745-T-109; and Smith, 
Robert ,  F l i g h t  Tes ts  of RV-A-22 Miss i l e s  SIN-3 t h r u  8 ,  24 Aug 55, CAL 
Rept BE-745-T-122, RSIC. 

22. (U) Smith Rept BE-745-T-122, op. c i t ; ;  and Orlando, P .  J . ,  
F l i g h t  Tes t  of RV-A-22 SIN-2, Jun 54, CAL Rept BE-745-T-110, RSIC. 
Also s e e  Document 10. 
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& From the  very o u t s e t  of t h i s  program, C c n e l l  eng iaee r s  r e a l i z e d  

t h a t  p e r f e c t  performance could no t  be expected from t h e  Croup 0 system. 

They be l i eved ,  however, t h a t  t h e  experience necessary  t o  spec i fy  what 

was a c t u a l l y  requi red  f o r  a  t a c t i c a l  weapon system could be gained only 

by working wi th  the equipment and by means of a c t u a l  f l i g h t  t e s t s  such 

a s  t h e  Group 0 s e r i e s .  From t h i s  viewpoint ,  t h e  LACROSSE Group 0 program 

was very succes s fu l  and c e r t a i n l y  worthwhile,  f o r  i t  no t  only proved t h a t  

ground guidance of a  m i s s i l e  wi th  a h igh  degree of accuracy was techni -  

c a l l y  f e a s i b l e ,  but a l s o  provided t h e  exper ience  and t e c h n i c a l  da ta  

necessary  f o r  s e l e c t i o n  cf a  p r a c t i c a l  m i s s i l e  system t o  f u l f i l l  LACROSSE 

requirements .  S i g n i f i c a n t  eonclusions and recommendations f o r  system 

improvement were a s  fol lows:  

1. & Radar Tracking. Tes t  da ta  showed t h a t  s u f f i c i e n t  t r ack ing  

accuracy  a t  X-band could only be achieved a t  t h e  expense of a  l a r g e  

pa rabo l i c  antenna.  Since i t  was e s s e n t i a l  t h a t  t he  s i z e  and weight of 

t h e  t r a c k e r  be he ld  t o  a  minimum, t h e  use of Ka band was recommended. 

4 
2.  CW Ranging. T h o ~ g h  not  proved by a c t u a l  f i e l d  t e s t ,  

a n a l y s i s  showed t h a t  a  h igher  degree of ranging accuracy could be 

expected by changing the  DME c a r r i e r  from a 44.6 - 89.6 mc frequency 

doubl ing system t o  a  420 - 450 mc o f f - s e t  system. A t  h igher  f requenc ies  

and wi th  more d i r e c t i o n a l  an tennas ,  t h e  mu l t i pa th  propagat ion poss ib ly  

would be reduced. I n  a d d i t i o n ,  t h i s  frequency was more accep tab l e  t o  

t h e  m i l i t a r y .  

3 .  2 Guidance Computers. While t h e  use of a n  analogue computer 

without  r e s o l v e r  boos te rs  was a t t r a c t i v e  i n  terms of increased  r e l i a -  

b i l i t y  and lower power requirements ,  temperature  and loading  e f f e c t s  

r e s u l t e d  i n  ze ro  d r i f t s  which made t h i s  p r a c t i c e  u n s u i t a b l e  f o r  LACROSSE 

app 1 i ca  t ion .  
2 3  

& Design of t he  LACROSSE Pro t c type  System XSSM-A-12 (U) 

3 This  phase of t he  LACROSSE R&D program embraced t h e  des ign ,  

development, and demonstration of t h e  pre-product ion  LACROSSE I prototype 

23. ( U )  Sacher Rept BE-745-T-149, op. c i t . ,  pp. 114-15. 



system, i nc lud ing  t a r g e t  l o c a t i o n ,  launching,  m i s s i l e  c o n t r o l  t o  t h e  

po in t  of a c q u i s i t i o n  by t h e  forward observer  (midcourse guidance) ,  and 

t e rmina l  c o n t r o l  onto a ground t a r g e t .  The f i r s t  p ro to type  model of t he  
* 

t a c t i c a l  system evolved from two s p e c i f i c  des ign  groups. The Group A 

exper imenta l  system, designed and b u i l t  by Corne l l ,  represen ted  t h e  

f i r s t  complete s e t  of  LACROSSE equipment. I t  had t h e  c h a r a c t e r i s t i c s  of 

a performance demonstration model and was no t  p roper ly  packaged f o r  

t a c t i c a l  u se ,  but a l l  elements of t h e  t a c t i c a l  system were accounted f o r  

f u n c t i o n a l l y .  The Group B program represen ted  t h e  i n t e r i m  s t e p  from 

Group A t o  t a c t i c a l  LACROSSE I development, i n  which packaging r equ i r e -  

ments,  ruggedness,  e a se  of maintenance, and l i gh twe igh t  were given 

primary emphasis.  The o b j e c t i v e  of t h i s  i n t e r i m  program was t o  e s t a b l i s h  

t h e  accuracy  of t h e  second genera t ion  guidance equipment (pre-product ion 

t a c t i c a l  model) i n  guiding t h e  m i s s i l e  t o  a p r e - s e l e c t e d  t a r g e t .  Basi-  

c a l l y ,  t h e  Group B m i s s i l e s  were Group A t e s t  v e h i c l e s  wi th  LACROSSE I 

termina 1 guidance components incorpora ted .  

8 Program P lans  and Schedules (U) 

& I n  planning f o r  f u l l - s c a l e  development e f f o r t ,  Corne l l  

recognized t h a t  a cons iderab le  q u a n t i t y  of r e sea rch  equipment would have 

t o  be b u i l t  and t e s t e d .  I n  mid-April  1953, when Group 0 tests were j u s t  

beginning a t  White Sands, Corne l l  submit ted t o  OCO a proposed R&D f l i g h t  

tes t  program, t oge the r  wi th  a p lan  f o r  phasing i n  t h e  co -con t r ac to r .  

The R&D tes t  program proposed a t  t h a t  t i m e  c o n s i s t e d  of 25 Group A 

f i r i n g s  ( a s  follow-on r e sea rch  veh ic l e s  t o  Group 0)  and about  15 

LACROSSE I t a c t i c a l  p ro to type  f i r i r i g s ,  a l l  t o  be completed by the  middle 

of CY 1956. To c a r r y  out  t h i s  program, Corne l l  reques ted  $5.0 m i l l i o n  

f o r  FY 1955 and $10.0 m i l l i o n  f o r  FY 1956. The proposed co-cont rac tor  

p l an  c a l l e d  f o r  s e l e c t i o n  of t h e  c o n t r a c t o r  by January 1954 and t r a n s f e r  

of t e c h n i c a l  r e s p o n s i b i l i t y  f o r  t h e  p r o j e c t  by January  1956. 
24 

9 (BT Following a DA S t a f f  review of t h e  LACROSSE P r o j e c t  a t  Corne l l  

* (U) Designated a s  t h e  LACROSSE XSSM-A-12 (Experimental - Surface- to-  
Sur face  M i s s i l e ,  Army--). - - 

24. (U)  LACROSSE Blue Book, op. c i t . ,  pp. 12-13. 



L a b o r a t o r y ,  t h e  A s s i s t a n t  Chief of S t a f f  f o r  L o g i s t i c s  (ACS/G-4) recom- 

mended i n  December 1953 t h a t  t h e  e x p e r i m e n t a l  guidance system be  con- 

c l u s i v e l y  demonstra ted b e f o r e  o b l i g a t i n g  t h e  $5  m i l l i o n  r e q u e s t e d  by 

C o r n e l l  f o r  FY 1955, and  t h a t  t h e  $10 m i l l i o n  r e q u e s t e d  f o r  EP 1956 n o t  

be o b l i g a t e d  u n t i l  Croup A f l i g h t  t e s t s  prov ided  c o n c l u s i v e  ev idence  

t h a t  t h e  LACROSSE I would f u l f i l l  a c c ~ s a c y  o b j e c t i v e s .  The c o n d i t i o n  

s p e c i f i e d  f o r  r e l e a s e  of t h e  FY 1955 funds  p r e s e n t e d  no immediate 

'. problem, f o r  t h e  t e r m i n a l  guidance a c c u r a c y  of t h e  e x p e r i m e n t a l  (Group 

0) sys tem was s u c c e s s f u l l y  demonstra ted i n  t h e  l a a t  two f i r i n g s  d u r i n g  

January 1954, a s  no ted  above,  A few weeks l a t e r  G o r n e l l  commenced 

d e s i g n  work on t h e  t a c t i c a l  LACROSSE I system and p r e p a r e d  t o  b e g i n  t h e  

s e r i e s  of Group A f i r i n g s  a t  Whits Sands e a r l y  i n  August 1956. Funds 

a c t u a l l y  o b l i g a t e d  f ~ r  t h e  FY 1955 RMI e f f o r t  amounted t o  $5.937 m i l l i o n .  

Because of major  program changes e f f e c t e d  d u r i n g  t h e  s p r i n g  of 1955, t h e  

R&D funds  a l l o c a t e d  f o r  t h e  FY 1956 prcgram were c u t  from t h e  r e q u e s t e d  

$10 m i l l i o n  t o  $4.3 m i l l i o n ,  w i t h  a n  a d d i t i o n a l  $2.210 m i l l i o n  i n  
* 

PEMA/S funds  f o r  i n i t i a l  p r o d u c t i o n  e n g i n e e r i n g  e f f o r t .  
2  5 

& Dur ing  t h e  e a r l y  p a r t  of FY 1955, a  minor s l i p p a g e  o c c u r r e d  i n  

t h e  o r i g i n a l  schedu le  f o r  d e l i v e r y  and  f l i g h t  t e s t i n g  of t h e  40 R6rD 

m i s s i l e s  (25 Group A and 15 LACROSSE I ) ,  because  of problems encounte red  

i n  p r e l i m i n a r y  checkout of Group A t e s t  equipment and  t h e  d e l a y  i n  

s e l e c t i o n  of t h e  c o - c o n t r a c t o r .  The f i r s t  Group A RdtD t e s t  f i r i n g  took 

p l a c e  a t  White Sands on 17 August 1954. Some t h r e e  months l a t e r ,  t h e  

RSA-CAL survey  of p r o s p e c t i v e  c o n t r a c t o r  companies ended w i t h  a  recom- 

mendat ion t h a t  t h e  Glenn L. Mar t in  Company be chosen a s  t h e  new R&D 

c o - c o n t r a c t o r .  By t h e  t ime c o n t r a c t  n e g o t i a t i o n s  were completed w i t h  

M a r t i n  i n  t h e  s p r i n g  of 1955, C o r n e l l  had e s s e n t i a l l y  completed t h e  

d e s i g n  of t h e  t a c t i c a l  LACROSSE I pr;totype and had t e s t - f i r e d  seven of 

* ( U )  Procurement of - Equipment and  - M i s s i l e s ,  - Army/Support. 

25. (U) I b i d . ,  p .  11;  Sacher  Rept BE-745-T-149, o p P  c i t , . ,  p .  209; 
and I n c l  t o  ARGMA L t r ,  15 J u l  60 ( s e e  f o o t n o t e  1 7  above) .  
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! Group A research  veh ic l e s .  

Meanwhile, Redstone Arsenal learned t h a t  t h e  o v e r - a l l  FY 1955 

buc? . t ,  prepared a s  of 11 October 1954, had been reduced and t h a t  

LACR.?SE R&D funds would have t o  be conserved. As a r e s u l t ,  Redstone 

submi~*.?d a new program schedule whereby R&D (Corne l l )  would only b u i l d  

t he  r e s . \ l r c h  vehic les  and a l l i e d  equipment and the  new co-cont rac tor  - 
would b u l l d  the  f i r s t  t a c t i c a l  p ro to types ,  which would then be a l l o c a t e d  

t o  R&D f o r  f l i g h t  t e s t i n g  and eva lua t ion .  This approach e l imina ted  the  

15 LACROSSE I m i s s i l e s  which Corne l l  had o r i g i n a l l y  planned t o  bu i ld ,  

and the  number of Croup A research  veh ic l e s  t o  be f a b r i c a t e d  by Corne l l  

was l a t e r  reduced from 25 t o  18. (One of t he  l a t t e r  vehic les  was he ld  

f o r  l abo ra to ry  use and two were reass igned  t o  the  Group B program.) 

L\ 
The f i r s t  o f f i c i a l  LACROSSE Weapon System P lan  (F igure  11) was 

* 
p'.,blished by Redstone Arsenal on 25 March 1955. It depic ted  p ro j ec t  

scheduling through 1958, inc luding  50 LACROSSE I m i s s i l e s  and 4 s e t s  of 

?round equipment t o  be b u i l t  by the  Mart in  Company and a n  Ordnance 

krqdiness  Date of July 1958. By the  end of FY 1955, t h r e e  con t r ac t s  

t o t a l i n g  $13,692,643 ( inc lud ing  a f i xed  f e e  of $951,850) had been 

awarded t h e  Mart in  Company, a s  follows: 
2 7 

1. 9 Contract  DA-36-034-ORD-1892, 1 Apr 55, $699,982, f o r  
r e sea rch ,  development, des ign ,  f a b r i c a t i o n ,  and eva lua t ion  of LACROSSE 
Guided Miss i l e  System; de l ive ry  per iod ,  1 Apr 55 t o  31 Dec 55. 

2 .  & Contract  DA-36-034-ORD-2000, 31 May 55, $4,934,074, f o r  
Phase I1 Product Engineering Study on LACROSSE I M i s s i l e ;  de l ive ry  
pe r iod ,  May 55 t o  May 57. 

* (U) Subsequent r ev i s ions  i n  t h i s  weapon system plan  were pr imar i ly  
concerned wi th  the  i n d u s t r i a l  program and w i l l  be d iscussed  i n  t he  
chapter  dea l ing  wi th  t h a t  s u b j e c t .  

26. (U) LACROSSE Blue Book, op. c i t . ,  pp. 13-14 & 35; and Sacher 
Rept BE-745-T-149, op. c i t . ,  p. 209. Also see :  Le in ,  H.  S . ,  "Quarterly 
Progress  Report - P r o j e c t  LACROSSE, July-September 1954," 15 Oct 54, 
pp. 20 & 22, RSIC. The l a t t e r  r epo r t  h e r e i n a f t e r  c i t e d  a s :  Lein Rept 
BE- 745-T- 15. 

27. (U) I n c l  t o  ARGMA L t r ,  15 J u l  60, op. c i t . ;  Sacher Rept BE- 
745-T-149, op. c i t . ,  p. 193; and LACROSSE Blue Book, op. c i t . ,  pp. 
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3 .  Contract: DA- 3E-034-CJRD-2Ul3 1 .Jun 55, $8,058,587,  f o r  
d e l i v e r y  of 50 LACROSSE I Miss i l e s  and a s s o c i a t e d  equipment; d e l i v e r y  
per iod  1 2un 55 t o  30 Nov 5 7 -  

Y (6 The R&D f l i g h t  t e s t s  of M a r t i n - b u i l t  LACROSSE 1 pro to types  were 

o r i g i n a l l y  scheduled t o  begin concur ren t ly  w i th  termina-tion of Croup A 

t e s t s .  However, because of t he  rwccssary product ion  lead  cime, t h e  

f i r s t  LACROSSE ? missile could no+ be d e l i v e r e d  u n t i l  June 1956. To 

br idge  t h e  gap be tseen  a v a i l a b i l i t y  r ~ f  t h e  LACROSSE 1 guidance system 

(January 1956) and t h e  i t - - i t i a l  LACROSSE 1 product ion pro to type  (June 

19561, t h e  Group A m i s s i l e  t e s t  program was te rmina ted  w i th  t h e  15th 

f i r i n g  i n  December 1955 and a n  ir*.prlm -rz:p B t e s t  prcgram was e s -  

t a b l i s h e d .  ZP a d d i t i c n  f o  pr>vi?irig the  t r a n s i t i o n  from t h e  Cornel l  

f i e l d  t e s t  program t o  ~ a r t i r  ' s  tis: prcgram, t h e  Croup B t e s t  s e r i e s  

would e s t a b l i s h  t he  accuracy of t he  pre-prod-xri.09 LACROSSE 1 t a c t i c a l  

model ground equipmert ic gcicling the  m i s s i l e  t o  p r e s e l e c t e d  t a r g e t s .  

1 The Cornel l -Mart ic  ?rocp 3 prcgram included a  t o t a l  ~f  s i x  2 
f l i g h t  t e s t s  a t  White S a ~ d s ,  @sing  c'rsup A n i s s i l e a  w i t h  a LACROSSE 1 

guidance package. ~ J G  of th? s i x  r n i s s i l ~ s  were reass igned  £ram t h e  

r"roup A t e s t  program and the  o t h e r  f : ~ . l r  were f a b r i c a t e d  by Mart in  from 

Corne l l  s p e c i f i c a t i o n s  ar.3 drawings.  ;hl s i ~ t e r i m  Croup B t e s t  program 

began on 29 March 1956 and c o r t i ~ ~ e b  throcgh 2 September 1956. 
28 

Q fl Weapon System Emplcyment Concept (;'3 

& Since  t h s  immediate objective ~f t h e  LACROSSE, Croup A program 

was t o  develop a d  t e s t  a  complete s y s t ~ m ,  t 5 e  guidance equipment had 

the  c h a r a c t e r i s t i c s  cf a  performance demozs+rat ion model and was no t  

packaged f o r  t a c t l c a l  ~ 3 2 .  However. t h e  m i s s i l e  and launcher  r eqn i r e -  

menrs were s c f f l c i e r t l y  de f i r ed  t o  permit. t he  development of a  pre-  

product ion t a c t i c a  1 n i s s i l e  mobile l au rche r  and m i s s i l e  s h i p p i ~ g  

con ta ine r  e a r l y  i~ t . 5 ~  przgram. Ear ly  a n a l v s i s  of t he  m i s s i l e  loading 

tit,, pp. 205-06 & 219; and 28. (L; Sachsr Rep+ ;E-7L5-"-149, c p .  
Szabo, W .  J., " Q ~ a r t s r l y  Progress  X c p ~ r t  - P r o j e c t  LACXOSSE3 January - 
March 1956,'' 15 Apr 56, pp. 9 & 53, X S - C .  - h e  la t t c r  document he re in -  
a f t e r  c i t e d  a s :  SzaS: Rept 3E- ;L?  ' 7 1  
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and launching problem showed t h a t  a m i s s i l e  b a t t e r y  c o n s i s t i n g  of four  

a c t i v e  launchers  and one spare  could main ta in  a sus t a ined  r a t e  of f i r e  

of 12 m i s s i l e s  per  hour. 

3 The Forward Guidance and Observat ion Unit  was packaged f o r  

Group B (Group A type m i s s i l e s  wi th  LACROSSE I guidance equipment) such 

t h a t  n ine  man-packs were requi red  when opera ted  away from t h e  Forward 

Guidance S t a t i o n  (FGS) jeep. One o f f i c e r  and twelve e n l i s t e d  men com- 

p r i s e d  the  t o t a l  complement of t h e  Forward Un i t .  Mobile equipment 

included t h r e e  jeeps: one FGS, one r ad io  jeep, and one cargo jeep wi th  

t r a i l e r .  Four men were requi red  t o  s e t  up t h e  ope ra t ing  cond i t i on  once 

the  equipment was i n  pos i t i on ,  bu t  only one man ( t h e  Power Suppl ies  

Operator)  had t o  remain wi th  the  equipment once i t  was readied  f o r  

m i s s i l e  f i r i n g .  The t a c t i c s  and technique of employment of t he  Forward 

Guidance System were developed f o r  t h r e e  modes of t a r g e t  engagement: 

d i r e c t  observed f i r e ;  i n d i r e c t  observed f i r e ;  and i n d i r e c t  unobserved 

f i r e .  These app l i ed  t o  both the  on-vehic le  and o f f - v e h i c l e  modes of 

equipment ope ra t ion .  

9 Forward a r e a  t e s t  equipment f o r  use wi th  t h e  FGS was "bui l t - in" ,  

where f e a s i b l e  and not  s epa ra t e ly  housed, t he  s i n g l e  except ion  t o  t h i s  

p r i n c i p l e  be ing  the  beacon s imu la to r .  The Mart in  Company l a t e r  

developed a M i s s i l e  Automatic Checker capable of au toma t i ca l ly  checking 

t h e  o p e r a t i o n a l  readiness  of t he  LACROSSE m i s s i l e  wh i l e  on the  launcher 

on a simple go-no-go b a s i s .  2 9 

I;dl The M i s s i l e  (U) 

'i @ Ear ly  m i s s i l e  design s t u d i e s  were centered  around the  develop- 

ment of a subsonic con f igu ra t ion  r e q u i r i n g  the  use of a l i q u i d  rocket  

s u s t a i n e r  motor. However, i t  was soon apparent  t h a t  t h e  use of l i q u i d  

rocket  p r o p e l l a n t s  would involve a number of o b j e c t  ionable  handl ing and 

s t o r a g e  problems f o r  which t h e r e  appeared t o  be no s a t i s f a c t o r y  s o l u t i o n .  

Rea l i z ing  t h a t  t he  t a c t i c a l  opera t i o n  of LACROSSE could be considerably 

s i m p l i f i e d  i f  l i q u i d  p r o p e l l a n t s  were not  used, Corne l l  i n i t i a t e d  f l i g h t  

29. (U) Sacher Rept BE-745-T-149, op. c i t . ,  pp. 116-17. 
I 
I 



p a t h  and des ign  s t u d i e s  towaff4uii@&ehk' of  a  m i s s i l e  con f igu ra t i on  
- 

s u i t a b l e  f o r  use of s o l i d  f u e l  p r o p e l l a n t s .  3  0  

Y 
By t h e  end of 1953, a f t e r  two s e r i e s  of wind tunne l  t e s t s ,  i t  

was f i rmly  e s t a b l i s h e d  t h a t  t h e  Group A m i s s i l e  would be a  500-pound - I 
warhead c a r r i e r  w i th  a  maximum t a c t i c a l  range of about  30,000 meters .  I 
A s  f i n a l l y  developed and used i n  Group A f l i g h t  t e s t s ,  t h e  XSSM-A-12 I 
m i s s i l e  was of cruciform,  swept wing con f igu ra t i on  w i t h  i n t e r d i g i t a t e d  I 
wings and t a i l s .  The wings were f i xed  wi th  r e spec t  t o  t h e  m i s s i l e  body, I 
and t h e  t a i l s  were a l l  movable t o  guide t h e  m i s s i l e  i n  p i t c h ,  yaw, and I 
r o l l .  Attached t o  t he  m i s s i l e  body were f o u r  shoes which engaged the  I 
launcher  r a i l s .  Propuls ion  was provided by a  s i n g l e ,  s o l i d  p r o p e l l a n t  1 
rocke t  motor l oca t ed  i n  t h e  r e a r  of t h e  m i s s i l e  body. A t o t a l  impulse 1 
of about  100,000 pound-seconds was de l ive red  by t h e  rocke t  motor over a  I 
pe r iod  of 2 . 8  seconds. F igures  12 and 13 show t h e  cons t ruc t ion  d e t a i l s  I 
of t h e  major subassemblies making up the  m i s s i l e  a i r f r ame .  Major nominal 

c h a r a c t e r i s t i c s  of t h e  XSSM-A-12 m i s s i l e  a r e  shown below. 
3  1 

To ta l  Weight . . . . . . . . . . . . . . . . . . . .  
Booster  Fuel Weight . . . . . . . . . . . . .  

(T52 i n t e g r a l  boos te r )  
Warhead Weight . . . . . . . . . . . . . . . . . .  
Body Length . . . . . . . . . . . . . . . . . . . . .  
Body Diameter . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  Wing Span 

. . . . . . . . . . . . . . . . . . . . . . .  T a i l  Span 
Booster  Thrust . . . . . . . . . . . . . . . . . .  

f o r  a  nomina 1 2.8 s ec .  
Maximum Speed . . . . . . . . . . . . . . . . . . .  
Maximum Control  Speed . . . . . . . . . . .  
Minimim Control  Speed . . . . . . . . . . .  
Minimum Radius of Turn . . . . . . . . . .  

3 Warhead Development (U) 

2350 l b s .  
500 l b s .  

500 l b s .  
19 f t .  
20.5 i n .  
9  f t .  
55 i n .  
38,000 l b .  

1400 f t .  per  s ec  
850 f t .  per  s e c .  
400 f t .  per  s ec .  
3500 f t .  

& In developing the  LACROSSE warhead, t h e  Ordnance Corps used a  

30. (U) I b i d . ,  p.  117. 

31. (U) I b i d . ,  pp. 124, 138; and Sacher ,  R . ,  "Summary Analysis  of 
F l i g h t  Tes t s  of LACROSSE XSSM-A-12 Group A M i s s i l e s , "  15 Oct 57, CAL 
Rept Nr. BE-745-T-137, pp. 10-12, RSIC. The l a t t e r  document h e r e i n a f t e r  
c i t e d  a s  Sacher Rept BE-745-T-137. 
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r e l a t i v e l y  new approach.  orm mail^ ;' t he  warhead package f o r  a  m i s s i l e  

i s  designed by Ordnance t o  f i t  i n t o  a  nose s e c t i o n  designed by the  prime 

R&D con t r ac to r .  This was not f e a s i b l e  i n  t h e  case  of LACROSSE, because 

the  warhead made up the  complete nose s e c t i o n  as a n  i n t e g r a l  p a r t  of t he  

m i s s i l e .  Corne l l  t he re fo re  designed and f a b r i c a t e d  t h e  metal  p a r t s  of 

the  warhead, inc luding  the  shaped charge l i n e r ,  and P ica t inny  Arsenal 

furn ished  the  explos ives  and t e s t e d  the  completed warheads. 

& Since the  LACROSSE was o r i g i n a l l y  conceived a s  a  weapon t o  

reduce s t r o n g  p o i n t s  of r e s i s t a n c e ,  t h e  warhead r ece iv ing  t h e  h ighes t  

p r i o r i t y  was a  h igh  explosive type inco rpora t ing  a  shaped charge a t  t h e  

forward end. A c ros s  s ec t ion  of the  Type I (500-lb.  pure shaped charge) 

warhead des ign  f i n a l l y  adopted i n  shown i n  F igure  14. Corne l l  f ab r i ca t ed  

t h e  f i r s t  l o t  of e i g h t  nose warhead metal  p a r t s  and shipped them t o  

P ica t inny  Arsenal f o r  loading and subsequent t e s t i n g  a t  Aberdeen Proving 

Ground (APG). 

F l GURE 14 LACROSSE :I T - 3 q  WARHEAD (CROSS SECT1  O N )  
! 



2 Ear ly  i n  1953, two of th; loaded warheads were f i r e d  a t  APG t o  

demonstrate pene t r a t ion  c a p a b i l i t i e s .  The t a r g e t  was a  concre te  p i l l b o x  

type s t r u c t u r e .  One of t h e  warheads pene t r a t ed  seven f e e t  of w a l l ,  p lus  

13 f e e t  of a i r ,  p lus  one-half inch  of s t e e l ;  t h e  o t h e r ,  f i r e d  a t  55O 

from the  normal, pene t ra ted  over 12 f e e t  of concre te  wi th  some unexpended 

momentum r e m i n i n g  i n  t he  s l u g .  Accompanying t h e s e  pene t r a t ions  were 

l a rge  amounts of t h i c k  dus t  r a i s e d  i n  t h e  p i l l b o x ,  about  a  cubic  yard of 

rubble and b i t s  of concre te  thrown about  from t h e  s p a l l i n g  of t h e  w a l l .  3  2  

I n  a  l a t e r  t e s t  a t  Aberdeen, the warhead was t e s t e d  f o r  pene t r a t ion  i n t o  

a  s imulated mass of concre te ,  t h e  t a r g e t  c o n s i s t i n g  of f i v e  7 '  by 7 '  by 

4 '  r e in fo rced  concrete  b locks .  P e n e t r a t i o n  of n e a r l y  13 f e e t  ( t h r e e  

4- foot  th icknesses  and 11% inches of t h e  fou r th )  occurred,  and the  e n t i r e  

group of blocks was pushed forward about  s i x  o r  e i g h t  inches.  3  3 

& These and o the r  s i m i l a r  t e s t s  showed t h a t  t h e  d e s t r u c t i v e  power 

of t he  shaped charge warhead would meet LACROSSE requirements .  But 

before  adopt ing  t h e  warhead, i t s  u s e a b i l i t y  i n  t h e  f i e l d  had t o  be 

v e r i f i e d .  I n  t he  l a t e  summer of 1953, two loaded warheads 'of  t he  con- 

f i g u r a t i o n  being considered were s a f e t y  t e s t e d .  When dropped from 

var ious  he igh t s  up t o  40 f e e t  onto a n  a n g l e  i r o n ,  t h e  warhead s h e l l s  

rup tured  but  no low o r  high o rde r  explos ion  occurred.  B u l l e t  impact 

t e s t s ,  conducted wi th  30 c a l i b e r  b u l l e t s , a p p a r e n t l y  caused no high order  

explos ion .  Several  s i n g l e  shot  b u l l e t s  and a  t r a c e r  caused s l i g h t  burning 

and s h e l l  rup tu re .  A b u r s t  of machine gun f i r e  d id  cause a n  explos ion  

which destroyed the  warhead. Tes t s  wi th  50 c a l i b e r  b u l l e t s  caused a 

p a r t i a l  explosion.  From these  t e s t s  i t  w a s l ~ o n c l u d e d  t h a t  t h e  Type I 

warhead des ign  shown above was accep tab le  f o r  f i e l d  use.  

@ Other types of convent ional  warheads, such a s  the  Type 2 

(shaped-charge-fragmentation combination) and t h e  Type 3 (shaped-charge- 

incendiary  combination) were not  developed s i n c e  it was impossible  t o  

e s t a b l i s h  f i rm requirements u n t i l  t h e  c a p a b i l i t i e s  of such combinations 

-- -- - -- 

32. (U) Sacher Rept BE-745-T-149, op. c i t . ,  pp. 125, 155-56. 

33. (U) Lein, H.  S . ,  "Quarter ly Progress  Report - P r o j e c t  LACROSSE, 
October-December 1953," 15 Jan  54, CAI, Rept BE-745-T-12, p. 60, RSIC. 



were more f i rmly  r e a l i z e d  by exper imenta t ion .  The Army Chemical Center  

s t a r t e d  development of a  shaped charge warhead backed by incendiary  

mater ia  1, but  s u f f i c i e n t  funds were no t  a v a i l a b l e  t o  complete the  p r o j e c t  

Y 
A change i n  t he  LACROSSE M C ' s  t o  inc lude  the  concept of a  

gene ra l  support  weapon led t o  t h e  requirement f o r  a n  a t amis  warhead. 

The i n i t i a l  f e a s i b i l i t y  s tudy was made j o i n t l y  by P i ca t inny  Arsena l ,  

r e p r e s e n t i n g  t h e  Department of t h e  Army, and t h e  Sandia Corporat ion,  

r e p r e s e n t i n g  t h e  Atomic Energy Commi.ssion i n  coo rd ina t ion  wi th  F i e l d  

Command, Armed Forces Spec i a l  Weapons P r e j e c t .  Data gleaned from t h i s  

s tudy  i n d i c a t e d  t h a t  i t  would be f e a s i b l e  t o  use t he  LACROSSE m i s s i l e  

f o r  d e l i v e r y  of t h r ee  d i f f e r e n t  warheads of vary ing  y i e l d s .  Development 

of t h e  warheads was done by t h e  Sandia Corpora t ion  and General E l e c t r i c .  

Corne l l  e f f o r t  was d i r e c t e d  toward t h e  development of a  method f o r  

r educ t ion  of b u r s t  po in t  d i s p e r s i o n  by use of a  "vo1u.m~-in-space' '  con- 

cep t  f o r  "on t a r g e t  command" t o  arm, 34 

& Fuzing System (U) 

d The T1405 fuz ing  system developed f o r  t he  LACROSSE was a  

combination of a n  e l e c t r i c  po in t  i n i t i a t i n g ,  base de tona t ion  fuze and 

a  mechanical i n e r t i a l b a s e  de tona t ing  f u z e ,  w i th  t h e  necessary  e l e c t r i c a l  

energy be ing  furn ished  from t h e  m i s s i l e  power supply.  Both t h e  mechani- 

c a l  and e l e c t r i c a l  po r t i ons  of t he  fuze a r e  de tona to r  s a f e  and remain so  

u n t i l  armed through a  r a d i o  command system. Arming time i s  under 0 . 5  

seconds,  and arming by r a d i o  cormnand i s  c o t  p o s s i b l e  u n t i l  a f t e r  f i v e  

seconds of f l i g h t .  An. a c c e l e r a t i o n  a c t u a t e d  swi tch  i s  used i n  s e r i e s  

w i th  t h e  command switch,  thus  prevent ing  acc iden ta  1 arming of t h e  warhead 

fuze  by spur ious  s i g n a l s  when t h e  m i s s i l e  i s  on t h e  launcher  o r  du r ing  

e a r l y  p a r t  of t h e  f l i g h t .  

Y 
$4?f Included i a  t h e  fuze program was t h e  des ign  and development of 

a  nose impact switch and warhead wi r ing  system. The l a t t e r  system con- 

s i s t s  of a n  e l e c t r i c a l  lead from t h e  r a d i o  command arming r e l a y  t o  the  

fuze  base element ,  a  "hot" lead  from t h e  m i s s i l e  power supply t o  t he  

34. (u) Sacher Rept BE-745-T-149, op. c i t . ,  pp. 125, 156. 

~ N C ~ S S \ F @ ~ ~ I  



fuze  base element t o  energ ize  t he  e l e c t r i c a l  de tona to r ,  and an e l e c t r i c a l  

c i r c u i t  from t h e  nose impact swi tch  t o  t h e  fuze base element.  P i ca t i nny  

Arsenal  developed t h e  nose switch and wi r ing  ha rnes s .  Frankford Arsenal  

had development r e s p o n s i b i l i t y  f o r  t h e  base element.  3 5 

Rocket Motor Development (U) 

& The T-52 rocke t  motor used wi th  t h e  XSSM-A-12 m i s s i l e  was 

designed and developed by P i ca t inny  Arsena l .  Aside from a n  apparen t  

g r a i n  weakness a t  c e r t a i n  temperature  extremes,  t h i s  rocke t  performed 

s a t i s f a c t o r i l y  i n  t h e  f i e l d  experimental  program. However, i t  was 

appa ren t  t h a t  t h e  T-52 motor would n o t  meet performance requirements  of 

t h e  u l t i m a t e  LACROSSE I system. Corne l l  eng inee r s  voiced t h i s  op in ion  

du r ing  a conference a t  P i ca t i nny  Arsenal  on 21 September 1954, s h o r t l y  

a f t e r  t h e  f i r s t  Group A m i s s i l e  f i r i n g .  

& To provide a rocket  motor which would meet LACROSSE I r e q u i r e -  

ments, Redstone Arsenal en t e r ed  i n t o  a c o n t r a c t  w i th  t h e  Thiokol Chemical 

Corpora t ion  on 26 May 1955 f o r  i n i t i a l  development of t h e  XM-10 motor. 

Th i s  i n i t i a l  e f f o r t ,  cos t i ng  $96,296, was completed e a r l y  i n  1956 and 

12 of t h e  XM-10 motors were s t a t i c a l l y  f i r e d  i n  March. The r e s u l t s  of 

t he se  s t a t i c  tests  showed t h a t  t h e  motor per foruance  f e l l  s h o r t  of 

e s t a b l i s h e d  requirements i n  t o t a l  impulse,  a l lowable  t h r u s t  v a r i a t i o n  

(from ave rage ) ,  and i g n i t i o n  i n t e r v a  1. A resonance cond i t i on  a l s o  

occur red  which was no t  e l imina ted .  
.' & Pursuant  t o  dec i s ions  made du r ing  a rocke t  motor coord ina t ion  

conference a t  Redstone Arsenal on 12 March 1956, work on t h e  XM-10 motor 

a t  Thiokol was r e o r i e n t e d  toward development of a s u i t a b l e  t a c t i c a l  

motor t o  i n s u r e  proper  ope ra t i ona l  c h a r a c t e r i s t i c s  a t  low temperature ,  

and a product  engineer ing  e f f o r t  on t h e  T-52 E l  rocke t  motor was 

i n i t i a t e d  a t  P i ca t i nny  Arsenal  a s  a backup program. The T-52 E l  motor 

was t o  be used a s . a n  i n t e r im  motor u n t i l  a new one could be completely 

proved. 36 

35. (U) I b i d . ,  p. 157. 

36. (U) LACROSSE Blue Book, op. c i t . ,  pp. 14, 82,  and Supplement 1 
t h e r e t o ,  p.  7. Also s ee  Szabo Rept BE-745-T-21, op. c i t . ,  pp. 57-58. 



Y 
Forward Guidance S t a t i o n  (C] 

2 Angle Tracker.  Procurement of a  s u i t a b l e  ang le  t r a c k e r  s t a r t e d  

i n  l a t e  1950 wi th  t h e  w r i t i n g  of pre l iminary  speci . f i .cat ions f o r  a  CW 

radar  ope ra t ing  i n  t he  K-band, having an  18-inch d i s h  an tenna ,  and 

weighing about  100 pounds. I n  reviewing these  s p e c i f i c a t i o n s  wi th  

leading  r ada r  manufacturers ,  Corne l l  found t h a t  most companies were 

r e l u c t a n t  t o  at tempt  bu i ld ing  such a  t r a c k e r  on t h e  time schedule pro- 

posed. One of t h e  companies contac ted ,  t he  Fede ra l  Telecommunications 

Labora to r i e s  (FZZ), was a l r eady  working cn a  K-band r ada r  and had knowl- 

edge of a  B r i t i s h  0.86 cm magnetron wi th  a  reputed output  of 9-10 wa t t s .  

Corne l l  thus  awarded FTL a  subcont rac t  f o r  development of t he  prototype 

ang le  t r a c k e r .  Development of t he  5789 magnetron ope ra t ing  a t 0 . 8 6  cm 

by Sylvania E l e c t r i c  Products  a s su red  a  m u l t i p l e  source f o r  t.he beacon 

magnetron. Although e a r l y  work was done on both t h e  pulse  and CW 

systems, t h e  pulse  system was f i n a l l y  se lec ted . .  

C\ /PI The beacon and t r a c k e r  u n i t s  were designed a s  a n  ang le  t r ack ing  

system capable of measuring both e l e v a t i o n  and ang le s  t o  a n  accuracy of 

+ l m i l  a t  low t r ack ing  r a t e s  and of ope ra t ing  a t  ranges from 250 meters  - 
up t o  25,000 meters .  The LACROSSE t r a c k e r  was of t he  con ica l  scan type ,  

which senses  and t r acks  the  ang le  of a r r i v a l  of missi le-beacon t r a n s -  

m i t t e r  pu l se s .  Acquis i t ion  i s  accomplished w i t h i n  f i v e  seconds a f t e r  

t h e  m i s s i l e  appears  w i th in  the  20° cone scanned by t h e  a c q u i s i t i o n  horn 

antenna,  and t r ack ing  t h e r e a f t e r  i s  cont inued w i t h i n  t h e  s p e c i f i e d  

accuracy t o  w i th in  lo of t he  horizon.  The t r a c k e r  was equipped wi th  a  

monocular t o  a i d  i n  s i g h t i n g  t h e  t a r g e t  and aiming t h e  antenna wi th in  

a n  accuracy s f  2 0.3  m i l .  Also, a  mechanism was included t o  a l low 

l e v e l i n g  t h e  t r acke r  t o  w i t h i n  0 .5  m i l  whether t h e  ope ra t ing  s i t e  was 

on l e v e l  ground o r  on a  20° s lope .  The beacon and t r a c k e r  u n i t s  were 

capable of s a t i s f a c t o r y  opera t ion  under t h e  va r ious  environmental 

condi t ions  s p e c i f i e d  f o r  t he  a i rbozne  and ground-based LACROSSE equip- 

ments . 
Y fl I n  genera 1, the  above s p e c i f i c a t i o n s  f o r  t he  Group A t r a c k e r  

were s i m i l a r  t o  those f o r  t he  Croup P progra.m. D i f f e r i n g  p r imar i ly  were 



t h e  known and c o n t r o l l e d  t e s t  cond i t i ons  a i  White Sands (such a s  simple 

t r a j e c t o r y ,  reduced temperature ,  humidity and d l t i t u d e  problems, s i z e  

and weight t o l e r a n c e s ) ,  which al lowed compromises i n  t he  des ign  and 

o p e r a t i o n  of t he  Group A equipment. The t a c t i c a l  requirements  and 

f e a t u r e s ,  a s  a p p l i e d  t o  t h e  Group B  equipment, account  f o r  t h e  s i g n i -  

f i c a n t  de s ign  d i f f e r e n c e s .  The major changes were mechanical,  e l e c t r i c a l  

mod i f i ca t i ons  being incorpora ted  where s u b s t a n t i a l  improvements i n  

accuracy ,  ruggedness,  and r e l i a b i l i t y  could be a s s u r e d .  37 A b r i e f  

account  of des ign  changes made i n  t h e  Group B  t r a c k e r  i s  presen ted  below. 

Y 
1. The narrow beam, p a r a b o l i c  antenna employed a  f ron t - t ype  

feed  mechanism. This assembly was sma l l e r  and more r i g i d ,  and permi t ted  

t h e  use of a  h igher  scan frequency; namely, 60 c y c l e s  per  second (cps)  

i n s t e a d  of 35 cps .  

2 .  9 The h igher  scan frequency n o t  only l ed  t o  t h e  s i m p l i f i c a t i o n  

of f i l t e r s ,  d e t e c t o r s ,  e t c . ,  but  a l s o  g e n e r a l l y  improved t h e  s e rvo  

system o p e r a t i o n .  

3 .  3 The squ in t  ang le  of t h e  "dish" antenna was changed t o  

i n c r e a s e  t h e  depth of scan o r  e r r o r  s i g n a l  modulation about  3  d e c i b e l s  

(db) a t  a  1 m i l  off-beam po in t ing  a n g l e .  

Y 
4.  A B r i t i s h  Type VX-5023 k l y s t r o n  was used i n  p l a c e  of t h e  

QK-406 because of  i t s  frequency s t a b i l i t y  and low c u r r e n t  demand. The 

lower c u r r e n t  demand al lowed a  r educ t ion  i n  s i z e  and weight i n  t h e  

k l y s t r o n  power supply. A new t h e r m o s t a t i c a l l y  c o n t r o l l e d  u n i t  was 

i n s t a l l e d  t o  cool  o r  warm t h e  k l y s t r o n ,  a s  r e q u i r e d .  

Y 
5.  IP( The power supply . s e c t i o n  of  t h e  t r a c k e r  met t h e  k l y s t r o n  

power requirements  only.  A l l  o t h e r  power was supp l i ed  d i r e c t l y  t o  t he  

t r a c k e r  from t h e  e l e c t r o n i c  power supply.  3  8 

(U) The Group A and Group B  p ro to type  t r a c k e r s  a r e  shown i n  

F igure  15.  

37. (U) I b i d . ,  pp. 158-60. 

38. (U) I b i d .  , pp. 166-67. # 
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J&f Elec t ron ic  Distance Measuring EquipfWnt (DME). As a  p a r t  of 

t h e  o r i g i n a l  subcont rac t  f o r  t h e  44.8 and 89.6 megacycle (mc) DME used 

dur ing  t h e  Group 0 program, t h e  Cubic Corporat ion a l s o  developed t h e  

420-450 mc DME f o r  the Group A program. I n  going t o  t he  420-450 mc 

equipment, i t  was f e l t  t h a t  t h i s  frequency would be more accep tab le  t o  

t h e  m i l i t a r y  and t h a t  a t  t h e s e  h igher  f requencies  mu l t ipa th  problems 

would be minimized and h ighe r  accuracy achieved.  

3 When t h e  subcont rac t  wi th  the  Cubic Corporat ion was terminated 

i n  December 1952, only two transponders  had been de l ive red  t o  Corne l l .  

The t ransponders  used during t h e  e a r l y  p o r t i o n  of t h e  Group A program 

were b u i l t  by Corne l l ;  o the r  Group A t ransponders  were b u i l t  by FTL. 

These u n i t s  followed t h e  b a s i c  Cubic Corporat ion des ign  wi th  some minor 

changes. The Group B DME was b u i l t  by FTL a s  p a r t  of t h e  in t eg ra t ed  FGS 

& The e l e c t r o n i c  DME measures t h e  range of t h e  m i s s i l e  from t h e  

FGS f o r  computation of guidance o rde r s .  The DME ranging opera tes  by the  

FGS t r a n s m i t t i n g  a  modulated continuous wave s i g n a l  which i s  then re -  

t r ansmi t t ed  by a  t ransponder  t o  t h e  ground s t a t i o n .  The modulated 

envelope of t h e  received s i g n a l  from t h e  m i s s i l e  i s  then  compared i n  

phase t o  t h e  so -ca l l ed  r e fe rence  modulation of t he  ground t r ansmi t t ed  

s i g n a l .  The phase de lay  dur ing  the  t r a n s i t  time t o  and from the  m i s s i l e  

i s  a  measure of range t o  t h e  m i s s i l e  from t h e  ground s t a t i o n .  The 

LACROSSE DME c o n s i s t s  of ground t r a n s m i t t e r - r e c e i v e r  equipment and a  

mi s s i l e -bo rne  t ransponder .  The ground equipment c o n s i s t s  of r a d i o  

frequency u n i t  and a  range se rvo  ( i n d i c a t o r ) .  The t ransponder  i s  

e s s e n t i a l l y  a  r ece ive r  and o f f - s e t  frequency t r a n s m i t t e r .  

Y 
,@$ Although the  Group A DME s p e c i f i c a t i o n s  were s i m i l a r  t o  those 

f o r  t h e  Group B ,  t he  Group A DME was r e p r e s e n t a t i v e  of labora tory  equip- 

ment i n s t e a d  of f i e l d  gear .  The Group A DME ground s t a t i o n  u n i t  

( i n c l u d i n g  d i r e c t  cu r r en t  power supply) weighed about  400 pounds and 

occupied about e i g h t  cubic  f e e t .  I n  c o n t r a s t ,  t h e  Group B DME packages 

weighed 100 pounds t o t a l ,  occupied a  t o t a l  volume of l e s s  than two cubic 

f e e t ,  and performed the  c o m n d  l i n k  ground func t ion  a s  we l l .  Aside 

from complete repackaging and m i n i a t u r i z a t i o n  of the  ground s t a t i o n  u n i t ,  



t h e  DME and t h e  command b b & f ~ e d  t o  t h e  e x t e n t  t h a t  a  common 

RF c a r r i e r  was modulated by both command and DME i n t e l l i g e n c e .  39 

$$ Command Link. A s  noted e a r l i e r  i n  t h i s  chap te r ,  t h e  command 

l i n k  equipment f o r  Group A was suppl ied  'by t h e  C o l l i n s  Radio Corporat ion 

and represen ted  "ruggedized" ve r s ions  cf t h e  Qroup 0  equipment. The 

Group B command l i n k  used t h e  DME R?3 system i n s t e a d  of a  s epa ra t e  t r a n s -  

m i t t e r  and r e c e i v e r  a s  i n  Croup A ,  and was t h e r e f o r e  b u i l t  by FTL a s  

p a r t  of t h e  e l e c t r o n i c  d i s t a n c e  measuring equipment. This f e a t u r e  had 

a  d i s t i n c t  advantage i n  terms of reduced s i z e ,  weight ,  and complexity.  

Two in te rmedia te  ins t ruments ,  t h e  modclator and demodulator, a r e  

r equ i r ed  t o  t ransform DC c o n t r o l  s i g r a l c  from the  computer t o  s u b c a r r i e r  

ampl i tudes ,  and t o  t ransform t h e  s u b c a r r i e r  ampli tudes t o  DC c o n t r o l  

s i g n a l s  i n  t h e  m i s s i l e .  

Y fPf Command Guidance Compcter. The computer used i n  t he  Group A 

program was very s i m i l a r  t o  t h a t  used i n  t h e  7roup 0  program and was 

b u i l t  by t h e  Farrand Op t i ca l  Company. The t r a n s f e r  c h a s s i s ,  providing 

t h e  necessary  s i g n a l  shaping networks f o r  c c n t r o l  of t h e  m i s s i l e ,  was 

b u i l t  by.Corne11. The pro to type  QZroup 8) computer was designed i n  t h e  

Corne 11 Laboratory.  

& E l e c t r o n i c  Power Supply. TI: t h e  Croup A program, t h e  e l e c t r o n i c  

power s u p p l i e s  f o r  t h e  s e v e r a l  FGS components were a  p a r t  of t he  i n -  

d i v i d u a l  u n i t s  and a s  such were suppl ied  w i t h  t h e  u n i t .  I n  t h e  Group B 

program, t h e  FGS was designed a s  a n  i n t e g r a l  u n i t  and a  common power 

supply was used t o  supply a l l  DC power f 7 r  t h e  FGS except  t h e  h igh  

vo l t age  r equ i r ed  by the  t r a c k e r  k l y s t r o n .  This  u n i t  was b u i l t  by FTL. 

& The input  t o  t he  e l e c t r o c i c  power supply i s  obtained from t h e  

primary power supply which has  a  400 cps ,  3-phase,  120-vol t  l i n e - t o -  

n e u t r a l  system and a  t o t a l  r a t e d  outpu.t of 3  kw. Five  d i f f e r e n t  DC 

vo l t age  l e v e l s  a r e  developed from t h e  r e c t i f i e d  AC i npu t ;  namely +300, 

+250, +28, and -150 v o l t s .  The u n r e c t i f i e d  AC i s  d i s t r i b u t e d  a t  120 

39. (U) I b i d . ,  pp. 167, 169. Also s e e  Sacher Rept 5E-745-T-137, 
op. c i t . ,  p .  13. 
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v o l t  and 6 .3  v o l t  l e v e l s .  ldnCUSStt~r 
@ While t h e  e l e c t r o n i c  power supply was designed t o  meet a l l  of 

t h e  environmental condi t ions  imposed by t h e  LACROSSE s p e c i f i c a t i o n s ,  

t he  s i z e ,  weight ,  and h e a t  d i s s i p a t i o n  problems a r e  p a r t i c u l a r l y  d i f f i -  

c u l t  w i t h  t h i s  u n i t .  I n  t he  f i r s t  p l ace ,  power supply components a r e  

always l a r g e  and heavy. Also, the  e n t i r e  power requirements  f o r  t h e  FGS 

a r e  being d i s t r i b u t e d  through t h e  e l e c f r o n i c  power supply,  y e t  t h e  

s tandard  case  s i z e  of 7" x 12" x 

w e l l  a s  f o r  s e v e r a l  of t h e  o t h e r  

9 Target  Locator  (U) 

& Group A. A s  o r i g i n a l l y  

use an  o p t i c a l  t r acke r - r ange r  t o  

19" i s  used f o r  the  power supply a s  

components. 4 0 

conceived, t h e  LACROSSE system was t o  

determine m i s s i l e  p o s i t i o n ,  t h e  t r a c k e r -  

ranger  having t h e  dua l  func t ion  of t a r g e t  l o c a t i o n  and m i s s i l e  guidance. 

A s  noted e a r l i e r ,  t h e  f a i r -wea the r  o p t i c a l  t r a c k e r  system was dropped 

i n  f avo r  of ' the  a l l -wea the r  t r a c k e r  i n  August 1953. This  r e s u l t e d  i n  a 

requirement f o r  a pulsed l i g h t  t a r g e t  l o c a t o r  independent of t h e  guidance 

equipment. Hence, t he  Farrand O p t i c a l  Company was i n s t r u c t e d  t o  s t o p  

work on t h e  second genera t ion  t r acke r - r ange r  and concen t r a t e  on a s e l f -  

contained t a r g e t  l o c a t o r .  The 18-inch exper imenta l  system developed 

under t h e  Extended Range F e a s i b i l i t y  Study was t h e  b a s i s  f o r  t h e  e a r l y  

work i n  t h i s  program. A t  t h e  c l o s e  of t h e  c o n t r a c t ,  t h e  Farrand 

instrument  was a b l e  t o  range out  t o  about  3100 meters  w i th  p re sc r ibed  

accuracy .  

& Group B .  Upon completion of t he  Farrand c o n t r a c t ,  i t  was 

apparen t  t h a t  cons iderab le  improvement could be made i n  t h e  e l e c t r o n i c s  

of t h e  t a r g e t  l o c a t o r  u n i t .  O f  prime concern was t h e  marginal  performance 

of t h e  power supply.  Corne l l  decided t o  des ign  and b u i l d  t h e  Group B 

Target  Locator  i n  i t s  own l abo ra to ry .  

The o p t i c s  and lamp used f o r  t h e  Group B u n i t  was i d e n t i c a l  t o  

t h a t  developed f o r  t h e  Group A t a r g e t  l o c a t o r .  Two s e p a r a t e  power 

s u p p l i e s  were developed, one of them a n  i n v e r t e r  s e t  and the  o t h e r  a 

40. (U) E., pp. 174-75, 179. 
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t r a n s i s t o r  s e t .  E a r l y  i n v e r t e r  s e t s  proved t.o be u n r e l i a b l e  because of 

dynamic unbalance i n  t h e  i n v e r t e r  a r m a t u r e s ;  however, w i t h  improved 

manufac tu r ing  t e c h n i q u e s ,  l a t e r  u n i t s  were much more r e l i a b l e  and 

o p e r a t e d  f o r  p e r i o d s  i n  excess  of 500 h c ~ s ;  w i t h  no maintenance.  A l -  

though t h e  t r a n s i s t o r  s u p p l i e s  were found q .i re  s a t  i s f a c t o r y  i2  o p e r a t i n g  

c h a r a c t e r i s t i c s ,  convers ion  e f f i c i e n c y  , and r i r c : ~ i t  impedance c.onsider- 

a t i o n s ,  t h e  t r a n s i s t o r  and  t r a n s f o r m e r  r e l i a b i l i t y  when used i n  t h e s e  

c i r c u i t s  was s i g n i f i c a n t l y  poore r  t h a n  t h a t  of t h e  i n v e r t e r  supp ly .  For 

t h i s  r e a s o n ,  t h e  t r a n s i s t o r  supply  saw 1 i t . t  l e  s e r v i c e  i n  t.he Group B 

u n i t .  
4  1 

Y 
J&$ Launcher Development (U) 

$f C o r n e l l  dec ided  i n  e a r l y  1952 t o  d e s i g n  a  mobi le  l auncher  which 

would impar t  a n  i n i t i a l  s p i n  t o  t h e  m i s s i l e  d u r i n g  f r e e  f l i g h t  p r i o r  t o  

guidance,  t h e r e b y  reduc ing  t h e  d i s p e r s i o n  e f f e c t s  of t h r u s t  and a e r o -  

dynamic misa l ignments .  I n v e s t i g a t i o n  r e v e a l e d  t h a t  a  6k0 h e l i x  would 

r o t a t e  t h e  m i s s i l e  through a  t o t a l  a n g l e  of 42@ a t  a n  approximate  r a t e  

of 480' p e r  second a t  t h e  time t h e  m i s s i l e  l e f t  a  s i x - f o o t  l e n g t h  

l auncher  r a i l .  O r i g i n a l  p l a n s  had c a l l e d  f o r  a  z e r o  1engt.h launcher  

u s i n g  a  105-mrn howi tze r  c a r r i a g e ,  mounted or1 an  M44 t r x k  c h a s s i s ;  

however, e a r l y  l a b o r a t o r y  s t u d i e s  i n d i c a t e d  t h a t  t h e  z e r o  l e n g t h  l auncher  

would n o t  be s u i t a b l e  because of h i g h  m i s s i l e  i n s t a b l i l i t y  a t  launch 

iB( The d e c i s i o n  t o  use  a  h e l i c a l  r a i l  type  l auncher  posed major 

problems i n  b o t h  d e s i g n  and p r o d u c t i o n .  The use  of r a i l s ,  p l u s  t h e  need 

f o r  s p i n n i n g  t h e  m i s s i l e  d u r i n g  launch,  r u l e d  ckt t h e  use  of t h e  howi tze r  

c a r r i a g e  because  o f  e x c e s s i v e  e l e v a t i n g  l o a d s  a r i s i n g  from t h e  weight of 

t h e  m i s s i l e  i n  mot ion.  A n t i c i p a t e d  m i s s i l e  r e a c t i o n s  were of such 

magnitude a 3  t o  r e q u i r e  a n  e x c e p t i o n a l l y  rugged l a u n c h e r  s t r u c t u r e .  

When t h e  l auncher  was e l e v a t e d  a  r o t a t i n g  f o r c e  i n  azimuth would be 

i n t r o d u c e d  and  t h e  h e l i c a l  r a i l s  would impar t  a r o l l i n g  moment t o  t h e  

l a u n c h e r .  Forming of t h e  r a i l s  i n t o  a  h e l i x  a c c z r a t e  enough t o  keep 

f r i c t i o n  f o r c e s  t o  a  minimum a l s o  present.ed a  f a b r i c a t i o n  problem. 

41.  (U) I b i d . ,  pp.  181-82. 



9 
(PT The LACROSSE mobile launcher subsequent ly developed was mounted 

on t h e  c h a s s i s  of a  s tandard  2%-ton Army t r u c k  (F igure  16) .  The launcher 

r a i l s  can be e l eva t ed  up t o  790 mi l s  and t r a i n e d  i n  azimuth t o  _+ 213 mi l s  

by means of hydrau l i c  a c t u a t o r s .  Aiming of t he  launcher  mechanism i s  

achieved by us ing  a  s tandard  howitzer  s i g h t .  The 6%-foot guide r a i l s  

have a  6O h e l i c a l  t w i s t  which imparts  a  s p i n  t o  t h e  m i s s i l e ,  causing i t  

t o  leave t h e  launcher w i th  a  r o l l i n g  v e l o c i t y  of about  480 degrees per  

second. A t y p i c a l  m i s s i l e  handl ing  o p e r a t i o n  i s  depic ted  i n  F igure  1 7 .  4 2 

(U) Support Equipment - Ground Cont ro l  S t a t i o n  

(U) Group A.  The forward guidance equipment, t oge the r  w i th  

instruments  and communications equipment, was i n s t a l l e d  i n  a  314-ton 

maintenance type veh ic l e .  An M56, 3 /4- ton ,  4  x 4 t ruck  c h a s s i s  was 

furn ished  by the  Government and t h e  s p e c i a l  body was b u i l t  t o  Corne l l  

s p e c i f i c a t i o n s  by a  l o c a l  subcontrac,tor. F igu re  18 shows t h e  forward 

guidance s i d e  of t he  vehic le ;  t h e  a n g l e  t r a c k e r  and o t h e r  a u x i l i a r y  

equipment were c a r r i e d  i n  t h e  we l l  of t h e  v e h i c l e .  

(U) Group B.  To achieve  complete mob i l i t y  of t h e  Group B FGS, a l l  

t h e  equipment necessary f o r  succes s fu l  ope ra t ion  of t h e  s t a t i o n  was 

mounted on a  s tandard  M38A1, 114-ton t r u c k  ( j e e p ) .  Two main u n i t s  were 

i n s t a l l e d  on the  jeep: a  shock mounted t r a y  c a r r y i n g  t h e  DME, computer, 

secondary power supply, t a r g e t  survey u n i t ,  and b a t t e r y  e l i m i n a t o r s ;  

and a  t r a c k e r  antenna and r ece ive r  mounted next  t o  t h e  d r i v e r  i n  p lace  

of t he  passenger s e q t .  The guidance s t a t i o n  equipment was designed so  

t h a t  i t  could be removed from the jeep ,  hand-car r ied  t o  a  forward 

p o s i t i o n ,  and s e t  up f o r  ope ra t ion  us ing  a  p o r t a b l e  wire  ha rpes s .  

Because of t he  bulk and weight of t h e  t r a c k e r  an tenna- rece iver  assembly, 

t h e  u n i t  had t o  be man-packed i n  two s e p a r a t e  loads .  F igure  19 shows 

t h e  Group B prototype ground s t a t i o n  i n  t h e  ope ra t ion  mode. 
43 

3 Group A and B F l i g h t  Tes t  Programs (U) * JF3 Group A Program (U) 

42. (U) E., pp. 45, 182. 

43. (U) I b i d . ,  pp. 187-90. 



Fl  GURE 16 LACROSSE MOB1 L E  LAUNCHER (GROUP A)  

F I G U R E  17 M I S S  I L E  H A N D L I N G  



C O M M A N D  \ C O M M A N D  

A N T E N N A  T R A N S P O N D E R  

Figure 18. Forward Guidance S t a t  ion - Group A 
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/PT I n i t i a l  f i e l d  t e s t i n g  of the LACROSSE Group A forward guidance 

s t a t i o n  equipment began a t  Buffa lo ,  New Pork,  i n  September 1953 and 

cont inued u n t i l  May 1954. This phase of t h e  program cons i s t ed  of c losed-  

loop type  a i r p l a n e  f l i g h t s  very s i m i l a r  t o  t h e  p i lo t -moni tored  guidance 

t e s t s  conducted i n  l a t e  1951, preceding t h e  Croup 0 program. The 

s u i t a b i l i t y  of guidance equipment f o r  use i n  f u l l - s c a l e  t e s t s  a t  White 

Sands M i s s i l e  Range was succes s fu l ly  demonstrated i n  some 30 f l i g h t  test& 

us ing  a n  AT-7 a i r p l a n e  t o  s imula te  t h e  m i s s i l e .  44 

$& Meanwhile, Cornel l  completed p r e p a r a t i o n s  f o r  f u l l - s c a l e  t e s t i n g  

of t h e  LACROSSE m i s s i l e  system a t  White Sands M i s s i l e  Range. The f u l l  

f i e l d  crew moved t o  t h e  t e s t  s i t e  i n  June 1954 and t h e  f i r s t  Group A 

m i s s i l e  was launched two months l a t e r .  

;d7 The Group A ground guidance s t a t i o n  was s e t  on a concre te  pad, 

w i t h  a 120-vol t ,  400-cycle,  gas-dr iven p o r t a b l e  power u n i t  loca ted  about  

25 f e e t  away. The LACROSSE launcher was set up on t h e  e a s t  pad near  t he  

Navy Blockhouse a t  Wh.ite Sands. For SIN-1 and 2, t h e  launcher  was 

mounted on p e d e s t a l s  which were instrumented w i t h  s t r a i n  gages t o  

measure loads and d e f l e c t i o n s .  These two t e s t s  i nd i ca t ed  s a t i s f a c t o r y  

launcher  performance and subsequent m i s s i l e s  were launched w i t h  t h e  

t r u c k  wheels r e s t i n g  on the  ground a s  would be t h e  ea se  dur ing  combat 

ope ra t i ons .  
45 

,& The immediate o b j e c t i v e  of t he  Croup A program was t o  eva lua t e  

t h e  combined performance of t he  complete LACROSSE system, inc luding  t h e  

XSSM-A-12 m i s s i l e ,  t h e  h e l i c a l  r a i l  launcher ,  m i s s i l e  guidance dur ing  

midcourse f l i g h t ,  and te rmina l  guidance accuracy .  A b lock  diagram of 

LACROSSE t e rmina l  guidance i s  shown i n  F igure  20. Between 17 August 
* 

1954 and 13 December 1955, f i f t e e n  (15) m i s s i l e s  were f l i g h t  t e s t e d  i n  

t h i s  program, a l l  of them us ing  t h e  T-52 rocke t  motor. The launcher- to-  

FGS range was 13,000 meters f o r  a l l  m i s s i l e s  except  SIN-16 which had a 

* s /N ' s  1, 2 ,  and 4 t h ru  16-SIN-3 was r e se rved  f o r  l abo ra to ry  t e s t .  

44. ( U )  I b i d . ,  pp. 

45. (U) I b i d . ,  pp. 
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s h o r t  range of 9 ,000 m e t e r s .  The PGS- to - ta rge t  range was 935 mete r s  

f o r  SIN-1 and 2 ,  and  from 1,580 t o  2,770 mete r s  f o r  a l l  o t h e r  rounds .  

S i g n i f i c a n t  r e s u l t s  of t h e s e  t e s t s  a r e  b r i e f l y  d e s c r i b e d  below. 

'4 
System Accuracy.  An e x c e l l e n t  demons t ra t ion  of sys tem accuracy  

was ach ieved  i n  f i v e  of t h e  t e s t s ,  w i t h  a c t u a l  m i s s  d i s t a n c e s  of 2 . 0 ,  

3 . 2 ,  4 . 3 ,  4 . 9 ,  and  5 .5  m e t e r s ,  r e s p e c t i v e l y .  The d e s i r e d  impact accuracy  

was n o t  ach ieved  i n  o t h e r  f l i g h t s  because of v a r i o u s  component mal- 

f u n c t i o n s .  
4  6  

;$r Warhead Performance.  Of t h e  15 m i s s i l e s  f i r e d  d u r i n g  t h e  Group 

A program, n i n e  c a r r i e d  f u z e  e lements  and  t h r e e  of t h e s e  (SIN-11, 14,  15) 

c a r r i e d  l i v e  warheads.  The warhead arming sequence f a i l e d  i n  on ly  one 

(SIN-16) of t h e  n i n e  f l i g h t s ,  f a u l t y  m i s s i l e  w i r i n g  p r e v e n t i n g  complet ion 

of t h e  launch arming sequence i n  t h i s  c a s e .  I n  t h e  f i r s t  l ive-warhead 

t e s t  (SIN-11 on 19 Aug 5 5 ) ,  ground guidance was l o s t  d u r i n g  t h e  l a s t  16 

seconds  of f l i g h t  and  t h e  f a i l s a f e  f e a t u r e s  of t h e  arming c i r c u i t  

p r e v e n t e d  warhead d e t o n a t i o n ,  a s  d e s i r e d .  The second m i s s i l e  c a r r y i n g  

a  l i v e  warhead (SIN-14, 10 Nov 55) complete ly  d e s t r o y e d  i t s  t a r g e t ,  a  

l o g - e a r t h  bunker.  S/N-15, f i r e d  on 29 November 1955, f a i l e d  t o  a c h i e v e  

t h e  d e s i r e d  impact a c c u r a c y ,  bu t  warhead arming,  d e t o n a t i o n ,  and b l a s t  

e f f e c t s  were s a t i s f a c t o r y .  
4  7  

,& System R e l i a b i l i t y .  Mal func t ions  i n  t h e  LACROSSE system were 

a t t r i b u t e d  t o  b o t h  f a i l u r e  r e s u l t i n g  from t h e  inadequacy of equipment 

used and  g r o s s  f a i l u r e  of s p e c i f i c  components. A s  t h e  program p r o g r e s s e d ,  

t h e  n e c e s s a r y  r e p a i r s  o r  m o d i f i c a t i o n s  were made and  t h e  r e l i a b i l i t y  

index  showed a  g e n e r a l l y  upward t r e n d .  As p r e v i o u s l y  n o t e d ,  t h e  equ ip-  

ment used i n  t h i s  program was of a  r e s e a r c h  and  development. n a t u r e  and 

was n o t  des igned o r  packaged f o r  t a c t i c a l  u s e .  The s u c c e s s  of t h e  

program was,  i n  l a r g e  measure,  c r e d i t e d  t o  t h e  e f f o r t s  c f  s k i l l e d  

e n g i n e e r s  who o p e r a t e d  t h e  equipment.  I n  f u t u r e  equipment ,  t h e  r e q u i r e -  

ments f o r  o p e r a t o r  s k i l l s  would have t o  be reduced and s u b s t a n t i a l  

46 .  (U) Sacher  Rept BE-745-T-137, o p .  tit.: pp. 2 ,  4 ,  26,  & 101. 

47.  (U) I b i d . ,  pp. 26, 34-37,  99 ,  & 125. 



improvements would have 

more r e l i a b l e  system. 
48 

t o  be made i n  e l e c t r o n i c  design f o r  a s impler ,  

Y 
@ Group B Program (U) 

CI fl The ob jec t ive  of t h e  Group B program was t o  e s t a b l i s h  the  

accuracy of t he  pre-product ion t a c t i c a l  model ground s t a t i o n  i n  guiding 

t h e  m i s s i l e  t o  p re se l ec t ed  t a r g e t s .  A s  t h e  program progressed,  t h e  

o b j e c t i v e s  were extended t o  i n v e s t i g a t e  t h e  minimum and maximum range 

c a p a b i l i t i e s  of t he  system. A gene ra l  d e s c r i p t i o n  of both Group A and 

B equipments i s  presented above and w i l l  not  be repea ted  he re .  Some of 

t he  equipment changes were aimed a t  making t h e  system simpler  and more 

r e l i a b l e ;  o t h e r s  were concerned wi th  ex tending  the  maximum guidance 

range t o  meet r ev i sed  performance requirements  ( see  F igure  21).  

MISSILE RAWGE 8,000 - 30,000 METERS 

' \  MAXIMUY'GUIDAIICE LIMIT 20.000 METERS 

FORWARD GUIDANCE 

1 
FIGURE 21 L I M I T S  OF 

ik, The redes ign  of equipment 

changes i n  t h e  o v e r - a l l  e l e c t r o n i c  

EQUIPMENT 

PRIOR TO LAUNCH 

f o r  t a c t i c a l  use involved t h r e e  major 

system: 

4 8 .  ( U )  I b i d . ,  pp. 127-31. For f u r t h e r  d e t a i l s  r e l a t i n g  t o  t h e  
Group A f l i g h t  t e s t  r e s u l t s ,  s ee  Document 11. 
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1. fl The t o t a l  time requlred-frbm l a u n s  t o  t h e  i ~ i t i a t i o n  of 

te rmina l  guidance was reduced t o  a minim~~m, s i n c e  wi th  l a t e  a c q u i s i t i o n  

(X + 20 seconds) the  m i s s i l e  down range d i s t a n c e  a t  p i t c h  down would be 

about  5,000 meters  and minimum range shoots  would not  be poss ib l e .  This 

was done by i n i t i a t i n g  r o l l  s t a b i l i z a t i o n  and i n t e r n a l  guidance s i x  

seconds e a r l i e r  than i n  the  Group A program. 

CI 
2. @!$ The method of p i t c h  midcourse guidance was changed from a 

f i x e d  beam generated by the  ground-based guidance computer t o  a n  

a l t i m e t e r  system wi th in  the  m i s s i l e .  This r e s u l t e d  i n  a l e s s  complex 

system. 

L\ 
3 .  kCf The computer was modified t o  extend the  maxim~m guidance 

range of t h e  FGS from 10,000 meters t o  20,000 meters t o  accommodate 

s p e c i a l  warheads. This was done by reducing t h e  computing s c a l e  f a c t o r  

by . 4  and r e s u l t e d  i n  a l i k e  reduct ion  i n  t h e  ga in  of t he  system when 

opera ted  i n  t h i s  mode. 49 

Ci 
@f Accuracy l i m i t s  of the  Group B system f e l l  i n  two c a t e g o r i e s ,  

depending upon t h e  range of the  t a r g e t  from t h e  forward guidance equip- 

ment and the  t a r g e t  surveying cond i t i ons .  For  t a r g e t s  w i t h i n  5,000 

meters  of the  FGS and which could be seen by t h e  Target  Survey Unit 

(TSU), t h e  accuracy l i m i t s  were: 5 meters  CPE a t  1,000 meters  guidance 

range; and 10 meters  CPE a t  5,000 meters  guidance range.  For t a r g e t s  

w i t h i n  20,000 meters  of the  PGS and which could not  be  seen by the  TSU, 

the  accuracy l i m i t s  were 5 t o  30 meters  CPE, depending l a r g e l y  upon the  

e r r o r  i n  t he  coord ina te  system l o c a t i o n  of t a r g e t s  wi th  r e spec t  t o  t h e  
50 guidance equipment. 

J& The Croup B f l i g h t  t e s t  program began a t  White Sands on 

29 March 1956 and ended wi th  the s i x t h  f i r i n g  on 21 September 1956. 

An account  of t hese  t e s t s  i s  given below wi th  primary emphasis on 

49. (U) Sacher,  R . ,  "Sununary Analysis  of F l i g h t  Tes t s  of LACROSSE 
. . .  Group B M i s s i l e s , "  28 Apr 59, CAL Rept BE-745-T-144, pp. 3-4, 
RSIC. 

50. (U) I b i d .  pp. 5-6. 
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performance of the  tactical-ent and t echn ica l  d e f i c i e n c i e s  

y e t  t o  be cor rec ted .  A summary of each f i r i n g ,  t oge the r  wi th  major 

changes made i n  t he  equipment, i s  p resented  i n  Appendix Document 12. 

* 3 A l l  s i x  of t h e  Group B m i s s i l e s  were launched from the  LACROSSE 

mobile launcher ,  e l eva t ed  t o  790 m i l s .  P ropuls ion  was provided by T-52 

rocket  motors, a l l  temperature condi t ioned  p r i o r  t o  f i r i n g .  The average 

m i s s i l e  he ight  a t t a i n e d  during the  b a l l i s t i c  phase was 5,496 f e e t ,  the  

spread  ranging from 5,145 f e e t  f o r  m i s s i l e  SIN-18 t o  5,980 f e e t  f o r  

SIN-22. Yaw d i spe r s ions  a t  t he  t ime of i n i t i a t i o n  of i n t e r n a l  guidance 

va r i ed  from 1,552 f e e t  e a s t  t o  600 W,SI~ ,of t he  guide beam. 5 1 

& I n t e r n a l  guidance performance of a l l  s i x  m i s s i l e s  was very 

s a t i s f a c t o r y .  Data gleaned from t h e  t e s t s  showed t h a t  r o l l  s t a b i l i z a t i o n  

could be i n i t i a t e d  a s  e a r l y  a s  X +12 seconds without  degrading t h e  

system, and t h a t  t h e  time requi red  f o r , r o l l s t a b i l i z a t i o n  could be reduced 

t o  two seconds. While t h e  yaw gyro c o n t r o l  u n i t  was appa ren t ly  s a t i s -  

f a c t o r y  i n  r e tu rn ing  the  m i s s i l e  t o  i t s  launch heading,  the s h o r t  samples 

of yaw gyro guidance' precluded any conclusions regard ing  the  performance 

of t h i s  u n i t  during a long per iod  of m i s s i l e  f l i g h t .  
5 2 

Y 
Terminal guidance performance of t h e  Group B system was a l s o  

considered very s a t i s f a c t o r y .  The e f f e c t i v e  use of the LACROSSE system 

a t  extended guidance range was s u c c e s s f u l l y  demonstrated; however, t he  

o v e r - a l l  impact accuracy was not  a s  good a s  expected.  The requi red  CPE 

va r i ed  from 4 meters t o  16.2 meters .  Of t h e  s i x  m i s s i l e s  f i r e d ,  only 

two (SIN-18 and 20) impacted wi th in  t h e  r equ i r ed  CPE. A t h i r d  m i s s i l e  

(SIN-19) impacted s l i g h t l y  beyond t h e  e s t a b l i s h e d  to l e rance  l a r g e l y  

because of a n  e r r o r  i n  zero ing  t h e  m i s s i l e  DME t ransponder ,  which pro- 

duced a discrepancy between ind ica t ed  Sange and a c t u a l  range. 

* (U) S e r i a l  numbers ass igned  i n  consecut ive sequence beginning wi th  
SIN-17, t h e  l a s t  ~ r b u ~  A m i s s i l e  be ing  SIN-16. 

51. (U) u., p. 51. A complete a n a l y s i s  of t h e  e f f e c t s  of 
m i s s i l e  d i spe r s ion  on system performance can be found i n  "System 
Dispers ion  Affec t ing  Operation Performance of LACROSSE," by R.  Mirsky, 
LCM-0210, 16 Aug 56. 

52. (U) E., pp. 



., " k. id& ~-.+b & M i s s i l e  SIN-21 had a  r e l a t i v e l y  l a r g e  impact e r r o r  because of 

low command l i n k  ga in  and excess ive  climb a n g l e  a t  p i t c h  down, r e s u l t i n g  

i n  a  l a r g e  o s c i l l a t i o n  about  t he  te rmina l  beam. Had t h i s  m i s s i l e  been * 
f i r e d  a t  a  normal launch- to- ta rge t  range,  t h e  impact e r r o r  would have 

been g r e a t l y  reduced. 

& The excess ive  impact e r r o r s  recorded f o r  m i s s i l e s  SIN-17 and 

22 were t h e  r e s u l t  of guidance i n  t h e  p i t c h  p lane  on ly .  I n  both ca se s ,  

yaw command s i g n a l s  were generated i n  the  computer but  f a i l e d  t o  reach  

t h e  m i s s i l e  c o n t r o l  su r f aces .  The f a i l u r e  of SIN-22 was a t t r i b u t e d  t o  

a  r e l a y  mal func t ion  i n  t h e  computer which prevented yaw s i g n a l s  from 

being t r ansmi t t ed  t o  t h e  m i s s i l e .  I n  t h e  ca se  of SIN-17-fired on 

21 September 1956 i n  a  LACROSSE demonstrat ion f o r  t h e  I n d u s t r i a l  College . , 

of t h e  Armed Forces  a t  APG-a malfunct ion of t h e  m i s s i l e  t ransponder  

r e s u l t e d  i n  no yaw guidance. The exac t  n a t u r e  of t h i s  f a i l u r e  could 

n o t  be determined because t he  m i s s i l e  was never  recovered .  

& The fo l lowing  t a b l e  shows t h e  r e q u i r e d  CPE and t h e  a c t u a l  miss 

d i s t a n c e  recorded f o r  each of t h e  s i x  Group B f l i g h t  t e s t s :  5  3  

M i s s i l e  
S /N 

19 
18 
20 
2 1 
2 2 
17 

Date 
F i r e d  

3/29/56 
4 /5 /56  
5/24/56 
6/29/56 
7 /8 /56  
9/21/56 

FGS- to-Tgt 
Range 

(Meters) 

927 
927 

6,662 
3,691 

13,229 
588 

Required 
CP E 

(Meters) 

4 . 0  
4 .0  
9 . 8  
6 . 8  

16.2 
4.0 

Actual  Miss 
Dis tance  
(Meters) 

5 . 6  
2.6 
9 . 3  

37.7 
2253.0 
1670.0 

%As a  whole, t h e  ope ra t i on  of t h e  co-nd guidance equipment 

was very s a t i s f a c t o r y ,  though s e v e r a l  problem a r e a s  s t i l l  e x i s t e d .  The 

a n g l e  t racker-beacon performance was very good. A l l  m i s s i l e s  were 

acqu i r ed  w i t h i n  one cyc le  of frequency s e a r c h .  Although not  proved by 

* & I n  t h i s  case t he  l aunche r - t a rge t  range of 7,825 meters  was 
s l i g h t l y  below t h e  minimum requirement of  8,000 meters ,  w i th  a  medium 
FGS-to- target  range of 3,691 meters .  To ach ieve  t h i s  range,  t h e  
te rmina l  d ive  a n g l e  was n e c e s s a r i l y  45'. I b i d .  , p.  35. 

53. ( U )  w., pp. 29, 35, 76-77, 103. 
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t he  program i t s e l f ,  a i r c r a f t  experiments 'wiTth a drone type a i r c r a f t  

i nd i ca t ed  t h a t  a c q u i s i t i o n s  a t  ranges up t o  22,000 meters were poss ib l e .  

The accuracy of t h e  ang le  t r a c k e r  i n  terms of po in t ing  e r r o r  was we l l  

wf th in  s p e c i f i c a t i o n s .  No low ang le  problems were encountered dur ing  

the  extended guidance range f l i g h t .  

3f Performance of t he  DME I i n d i c a t o r  was e x c e l l e n t ;  however, 

some marginal  performance was noted i n  t h e  DMEIComnd Link. Acqui- 

s i t i o n  of t he  m i s s i l e  by the  DME was succes s fu l  i n  each of t h e  m i s s i l e  

f l i g h t s .  Time r equ i r ed  f o r  t he  DME t o  s lew t o  t h e  proher ope ra t ing  

range was much l e s s  than  t h a t  r equ i r ed  f o r  a  complete a c q u i s i t i o n  by 

t h e  ang le  t r a c k e r .  The ranging accuracy of the  DME was es t imated  t o  

be about  2 .5  meters .  A t  t imes,  the  ga in  of the  command l i n k  was 

marginal .  

&While performance of t h e  guidance computer a s  a  whole was very 

s a t i s f a c t o r y ,  t h e  c i r c u i t s  c o n t r o l l i n g  t h e  i n s e r t i o n  of i n t e g r a l  con t ro l  

needed improvement. The r e l a y  f a i l u r e  noted i n  the  f l i g h t  of SIN-22 was 

a  case  i n  p o i n t .  The a b i l i t y  of t h e  guidance computer t o  ope ra t e  a t  a  

s c a l e  f a c t o r  of .8 m i l l i v o l t / m e t e r  was s u c c e s s f u l l y  demonstrated. 

&f Again, t h e  success  of t h e  program was p a r t i a l l y  a t t r i b u t e d  t o  

t he  h igh ly  s k i l l e d  engineers  and t echn ic i ans  who operated the  ground 

guidance equipment. Fu r the r  e f f o r t  would be r equ i r ed ,  no t  only t o  reduce 

the  need f o r  s k i l l e d  ope ra to r s ,  but  a l s o  t o  e l imina te  e x i s t i n g  t e c h n i c a l  

d e f i c i e n c i e s  and achieve  a  g r e a t e r  equipment r e l i a b i l i t y .  
5  4  

tt 
$&$ Program Summary and Conclusions (U) 

9 Despi te  t h e  marginal  performance of some prototype components, 

t h e  b a s i c  o b j e c t i v e s  of the  Group A and B t e s t  programs were succes s fu l ly  

achieved.  An a n a l y s i s  of t he  o v e r - a l l  f l i g h t  t e s t  r e s u l t s  c l e a r l y  

i nd ica t ed  t h a t  t h e  LACROSSE Weapon System was capable of d e l i v e r i n g  a  

warhead on a  p re se l ec t ed  t a r g e t  w i th  t h e  s p e c i f i e d  accuracy,  and t h a t  

t h e  va r ious  components, i nd iv idua l ly  and working toge the r ,  were capable 

of behaving a s  intended.  The program was t h e r e f o r e  regarded a s  "highly 

54. (U) I b i d .  , pp. 101- 103. 
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LACROSSE I Pro to type  System l i m i t a t i o n s  (U) 

& S t r i c t l y  from a t a c t i c a l  viewpcint  , t h e  LACROSSE pro to type  

weapon system had c e r t a i n  ope ra t i ona l  l i m i t a t i o n s  and f a i l e d  t o  meet t h e  

e s t a b l i s h e d  M C ' s  i n  a  number of major a r e a s .  Some of t h e s e  l i m i t a t i o n s  

stemmed from t h e  phys ica l  n a t u r e  of t h e  equipment used,  bu t  most of them 

were t h e  r e s u l t  of des ign  compromise made e i t h e r  t o  provide t h e  u se r  w i t h  

an e a r l y  a v a i l a b l e  system o r  t o  s a t i s f y  one c r i ~ e r i o n  a t  t h e  expense of 

another .  The major a r ea s  i n  which t h e  system d i d  o r  d i d  no t  meet t h e  

M C ' s  a r e  r e f l e c t e d  i n  Table 1. I n  an e f f o r t  t o  d e f i n e  t h e  major s h o r t -  

comings of t h e  pro to type  system, Corne l l  made a s tudy  of e x i s t i n g  

d e f i c i e n c i e s  and recommended t h e  system improvements o u t l i n e d  i n  Table  . 
2. 5  6  

&$ The p r o j e c t  had progressed from i t s  incept  ion along t h e  l i n e s  

s f  developing a  system wi th  a  h igh  degree of acezracy. By producing a  

des ign  accep tab l e  t o  development engineers  f o r  d e t a i l e d  re f inement ,  it 

had seemed t o  Corne l l  t h a t  t h e  performance goa l s  could be a t t a i n e d .  Be- 

cause s f  t h e  s t r i n g e n t  accuracy specif ica . ; ions,  it  became ne=essary  t o  

t r a d e  s i m p l i c i t y  f o r  accuracy. Another l i m i t i n g  f a c t c r  t h a t  made t h e  

problem d i f f i c u l t  was t h a t  t h e  te rmina l  guidance equipment had t o  be 

reasonably s imple,  rugged, and l i g h t  i n  weight .  Also affecting t h e  

development e f f o r t ,  a s  o r i g i n a l l y  planned, was t h e  d e c i s i o n  t h a t  R&D 

(Corne l l )  would n o t  b u i l d  any LACROSSE I m i s s i l e s  because of a  r educ t ion  

i n  R&D funds and t h e  advantages t o  be  r e a l i z e d  from having i n d u s t r i a l  

support  e a r l y  i n  t h e  program. 

& It would have been r e l a t i v e l y  easy f o r  C a r n t l l ,  a long i n  

1953-54, t o  have i n i t i a t e d  programs f o r  development of more r e f i n e d  

equipment, p a r t i c u l a r l y  a s  f a r  a s  t he  gt:idance system was concerned. 

But t h i s  approach, whi le  very n i c e  outwardly,  would no t  produce r e s u l t s  

55. (U) I b i d . ,  p .  104; and Sacher Rept BE-745-T-137, ap. c i t . ,  
p .  131. Also s ee  Sacher Rept BE-745-T-149, op. c i t . ,  pp. 207-208. 

56. (U) Sacher Rept ~ ~ - 7 4 5 - ~ h 4 $ , ; . +  ,* ~ t . ,  p .  60. 

U_nCusslnf$L- 



TABLE I LACROSSE I SYSTEM APPRAISAL 

THE TABLE BELOW REPRESENTS THE MAJOR AREAS I N  WHICH THE LACROSSE I SYSTEM DOES OR DOES 
NOT MEET I T S  M I L I T A R Y  CHARACTERISTICS: 

CHARACTERISTICS 

r . SYSTEM PERFORMANCE 

EVALUATION 

I. MEETS MC'S FOR ACCURACY, TRANSPORTABILITY, SAFETY, AND 
S IMPL IC ITY .  

2.  DOES NOT MEET MC'S I N  THE FOLLOWING: 
a )  NO ECM IMMUNITY. 

b) R E L I A B I L I T Y  LESS THAN 01% FOR LAUNCHED MISS ILES .  

c )  LESS THAN MAXIMUM RANGE FOR A I R  BURST. 
d )  L I M I T E D  TARGET LOCATION CAPABILITY.  

e )  NO DEEP TARGET LOCATION CAPABILITY.*  
f )  MINIMUM RANGE GREATER THAN DESIRED.. 
g )  NO B A L L I S T I C  VERSION.* 

1. M I S S I L E  MEETS A L L  MC'S EXCEPT R E L I A B I L I T Y  AND ECM REQUIREMENTS OF 
AIRBORNE GUIDANCE EQUIPMENT. 

:. LAUNCH AND HANDLING MEETS A L L  CHARACTERISTICS EXCEPT RATE OF F I R E  AND TIME 
SEQUENCE REQUIREMENTS.* 

. FORWARD GUIDANCE 
STAT l ON 

- - 

MEETS VERY FEW OF THE REQUIRED MC'S. DEF IC IENT  IN: 

a )  ANTENNA COVERAQE OF GU l DANCE EQU I PMENT. 
b) RAWGE AND WEIGHT OF SURVEY EQUIPMENT. 
c )  RESISTANCE TO ECM. 
d )  EQUIPMENTS HEAVIER THAN DESIRED INCLUDING TSU, PPU 

AND GROUND STATION VEHICLES. 
e )  CANNOT HANDLE OFFSET OR UNOBSERVED MODES OF TARGET 

ENGAGEMENT AND MEET TIME SEQUENCE REQUIREMENTS. 

E. F l R E  DIRECTION CENTER GENERAL REQUIREMENTS ARE MET BUT TOOLS ARE D I F F I C U L T  TO USE 
AND M l s s l o n  PROCESSING TIME IS,MUCH GREATER THAN DESIRED: 

F. COMMUNICATIONS ' 

G .  TEST AND MAINTAINENCE 

STANDARD EQUIPMENT SEEMS TO BE ACCEPTABLE FOR LACROSSE 
APPLICATIONS, EXCEPT FOR ECM VULNERABILITY. 

EQUIPMENTS FOR I S T  AND 2ND ECHELON ONLY ARE ACCEPTABLE EXCEPT 
CERTAIN M I S S I L E S  PARTS ARE NOT INTERCHANGEABLE. 

4. AUX l L l ARY EQU I PMENT EQUIPMENT COVERS AND K I T S  APPEAR ACCEPTABLE, EXCEPT FOR 
FORDABILITY K I T .  

I. ENVIRONMENTAL GENERAL CONDITIONS OF WIND, HUMIDITY,  PRESSURE, STORAGE, ETC. 
CAN BE TOLERATED. EXCEPTIONS INCLUDE: 

a )  TSU CANNOT WITHSTAND MAXIMUM STORAGE TEMPERATURE. 
b )  CERTAIN EQUl  PNENTS MAY NOT WITHSTAND AMPH l BlOUS 

OPERATIONS. 
c )  INTERFERENCES BOTH BY FRIENDLY AND ENEMY ELECTRONIC 

A C T I V I T I E S  I S  A STRONG POSSIB IL ITY .  
d )  GUIDANCE RANGES ARE L I M I T E D  BY HEAVY PRECIPITATION.  

UNCLASSIFIED 
-y$?z-TL Pi, 



T A B L E  2 M I S S I L E  IMPROVEMENT ITEMS 

l TEM 

I . A L T I M E T E R  CONTROL 

2 .  E L E V A T O R  B l A S  

3 .  C O M B I N E D  MANEUVER 
C A P A B l  L l T Y  

4. MOTOR 

5. GU l DANCE E Q U l  P M E N T  

6. WARHEAD 

D E F I C I E N C Y  

a )  A L T I M E T E R  S E N S I T I V E  T O  YAW MANEUVERS,  
R E S U L T I N G  I N  E X C E S S I V E  P A T H  O S C I L L A -  
T I O N S .  

b )  MANEUVERS I N  T R A N S I T I O N  FROM LAUNCH 
T O  M I D C O U R S E  P H A S E  R E S U L T S  I N  REDUCED 
M A X I M U M  RANGE C A P A B I L I T I E S .  

R E Q U I R E S  MEASUREMENT O F  D Y N A M I C  PRES- 
SURE AND S E T T I N G  A T  T H E  LAUNCHER.  

I N D U C E D  R O L L  C A U S E D  B Y  C O M B I N E D  
MANEUVERS A T  LOW S P E E D S  R E S U L T S  
I N  L O S S  O F  R O L L  CONTROL.  

a )  I M P U L S E  l N S U F F  l C l  E N T  FOR M A X I M U M  
RANGE R E Q U I R E M E N T .  

b )  M I N I M U M  RANGE R E Q U I R E M E N T  N O T  M E T .  

a )  P R E S E N T  A N T E N N A S  W I L L  N O T  ALLOW 
L O C A T I O N  O F  FGS I N  MANY AREAS.  

b )  G U I D A N C E  E Q U I P M E N T  V U L N E R A B L E  TO ECM, 
8 C O S T L Y ,  H l GH POWER R E Q U I  REMENTS. 

L A C K S  N O N - A T O M I C  C A P A B l  L l T Y  A G A I N S T  
L I G H T  ARMORED T Y P E  V E H I C L E S .  

PROPOSED CHANGES 

R E L O C A T E  P l T O T  T U B E  (NOSE 
CONE)  

U S E  OF A C L A M P - T Y P E  A L T I -  
M E T E R  AND R E O P T I M I Z A T I O N  O F  
T I M E R  S E T T I N G S .  

U S E  OF P R E C E S S I B L E  GYRO 
C O N T R O L  S Y S T E M  WOULO E L I M -  
I N A T E  N E E D  FOR E L E V A T O R  
B l A S  MEASUREMENT.  MEMORY 
WOULD A L S O  B E  P R O V I D E D  
D U R I N G  T R A C K I N G  L O S S E S  
CAUSED B Y  T E R R A I N  M A S K I N G .  

M O D I F Y  M I S S I L E  NOTCH N E T -  
WORKS TO VARY W l T H  D Y N A M I C  
PRESSURE ( Q ) ,  W H I C H  WOULD 
REDUCE A N G L E  O F  A T T A C K  
OVERSHOOTS. 
M O D I F Y  MOTOR T O  I N C L U D E  
S U S T A I N E R .  T H I S  WOULO 
P R E V E N T  M I S S I L E  FROM 
R E A C H I N G  T H E  LOW V E L O C I T Y  
R E G I O N .  

M O D I F Y  MOTOR ( A S  A B O V E )  TO 
TWO S T A G E  T Y P E .  
SAME M O D I F I C A T I O N  COULD 
ALLOW CONTROL FROM LAUNCH, 
MAY E V E N  E L I M I N A T E  LAUNCH 
R O L L  R E Q U I R E M E N T S .  

M O D I F Y  A N T E N N A S  TO I N C R E A S E  
COVERAGE. 

R E P L A C E  E N T I R E  G U I D A N C E  
S Y S T E M  W l T H  A P A S S I V E  ONE O F  
T H E  L U N E B E R G  L E N S  T Y P E .  

D E V E L O P  A N T I - M A T E R I E L  
WARHEAD. 

T I M E  
S C A L E  

6 MONTHS 

6 MONTHS 

I 1 1 2  TO 
2  Y E A R S  

6 MONTHS 

2 1 1 2  Y E A R S  

2 1 1 2  Y E A R S  

9 MONTHS 

3 Y E A R S  

2 Y E A R S  



and co inc ide  wi th  prescr ibed  schedules .  Thus, i n s t e a d  of d e f e r r i n g  

schedules ,  Corne l l  approached t h e  problem w i t h  a  hardheaded but  very  

p r a c t i c a l  view: Use what was known t o  work and, wi th  supplementary 

budget ing,  i n s t i t u t e  p a r a l l e l  programs. Unfor tuna te ly ,  t h e  planned 

p a r a l l e l  programs never ma te r i a l i zed  because of budget r e s t r i c t i o n s .  

A s  a  r e s u l t ,  t h e  LACROSSE I system was developed-and l a t e r  deployed- 

w i th  s e r i o u s  ope ra t i ona l  l i m i t a t i o n s ,  t h e  most important of which 

cen te red  around t h e  v u l n e r a b i l i t y  of guidance equipment t o  enemy 

e l e c t r o n i c  countermeasures.  5  7  

57. (U) LACROSSE Blue Book, op. c i t . ,  pp. 17, 24. 
To r e so lve  t h e  ECM problem, i t  was decided i n  e a r l y  1956 

t o  develop t h e  MOD I system using a l l - p u l s e  ranging and t r ack ing  
techniques  i n  t h e  Ka band reg ion .  Th i s  e f f o r t  was s t a r t e d  by FTL under 
subcon t r ac t  t o  Mart in ,  but  was never completed. LACROSSE I equipment 
was i s sued  t o  Army u n i t s  i n  J u l  59;. MOD I development was te rmina ted  
by DA S t a f f  dec i s ion  i n  Aug 59 .' d o ; , .  - Zq j j ,  , 



I V .  fik/ DEVEmPMENT AND PRODUCTION OF THE FINAL TACTICAL SYSTEM (U) 

,!& I n t r o d u c t i o n  (U) 

9 The development of t h e  LACROSSE e x p e r i m e n t a l  sys tem (XSSM-A-12) 

i n t o  a complete combat-ready g e n e r a l  w p p o r t  weapon system was t h e  

r e s p o n s i b i l i t y  of t h e  Mar t in  Company, a s  prime c o n t r a c t o r ,  w i t h  C o r n e l l  

e x e r c i s i n g  a  c e r t a i n  amount of s u p e r v i s i o n  and c o n t r o l  over  r e d e s i g n  

e f f o r t .  It was i n  t h i s  phase of t h e  program t h a t  a n  i n o r d i n a t e  amount 

o f  d u p l i c a t i o n  c c c u r r e d ,  c h i e f l y  because of t h e  d e l a y  i n  s e l e c t i o n  of 

t h e  p r o d u c t i o n  c o n t r a c t o r  and t h e  l ack  of adequa te  s a p e r v i s o r y  p r o v i -  

s i o n s  i n  M a r t i n ' s  p roduc t ion  e n g i n e e r i n g  c o n t r a c t .  
1 

Y 
H ~ i k e  t h e  exper imenta l  p ro to type  model, t h e  f i n a l  t a c t i c a l  

sys tem evolved from a  p r o g r e s s i v e  s e r i e s  of i n v e s t i g a t i o n s ,  d e s i g n  

r e f i n e m e n t s ,  and R&D proof t e s t s .  Because of funding prclblems, C o r n e l l ' s  

o v e r - a l l  program had been l i m i t e d  t o  r e s e a r c h  a c t i v i t y ,  and development 

o f  f i n a l  t a c t i c a l  hardware was de layed .  I n  A p r i l  1955, t h e  Mar t in  

Company was brought  i n  t o  r e f i n e  t h e  Group A p r o t o t y p e  system i? con- 

j t ~ n c t i o n  w i t h  C o r n e l l .  Th i s  was p a r t i a l l y  accomplished through t h e  s i x  

Group B m i s s i l e s  t h a t  i n c o r p o r a t e d  c e r t a i n  guidance sys tem r e f i n e m e n t s .  

The i n i t i a l  i n d u s t r i a l  c o n t r a c t  f o r  p r o d a c t i o n  o f  t h e  LACROSSE I system 

was s i g n e d  i n  June 1955, and M a r t i n ' s  f i e l d  crews were phased i n t o  t h e  

LACROSSE f i r i n g  t e s t s  d u r i n g  t h e  Group B  program i n  1956. 

(U) There i s  n e i t h e r  t ime nor space t a  r e l a t e  t h e  f u l l  t e c h n i c a l  

s t o r y  of LACROSSE d u r i n g  t h i s  1956-59 p e r i o d .  The f i l e s  a r e  f i l l e d  

w i t h  ev idence  of numerous component changes and r e d e s i g n s ,  scme of them 

c o t  c o o r d i n a t e d  w i t h  o r  c o n c w r e d  i n  by Corr!ell, and some r e s u l t i n g  i n  

d e g r a d a t i o n  of sys tem performance c a p a b i l i t i e s  and r e l i a b i l i t y .  TO 
* 

make a  long s t o r y  s h o r t  and t c  d i spense  w i t h  p e r s o n a l i t y  c o n f l i c t s ,  

* (U) While t h e r e  was,  q u i t e  n a t u r a l l y ,  a  c e r t a i n  amount o f  an imos i ty  
and f r i c t i o n  bstween e lements  of t h e  twc c c n t r a c t o r s ,  a v a i l a b l e  
ev idence  does not  i n d i c a t e  t h a t  such c o n d i t i o n s  a c t u a l l y  h indered  
t h e  program and t h e  s u b j e c t  t h e r e f e r e  t r a n s c e 9 d s  che scope of t h i s  
s t u d y .  

1 .  (C! See d i s c u s s i o n  of Contra , - t  P h l l c s o p h y ,  Chap 1 1 ,  pp. 21-27 



t h e  t e c h n i c a l  p o r t i o n  of t h i s  c h a p t e r  w i l l  be conf ined  t o  a  b r i e f  

d e s c r i p t i o n  of t h e  v a r i o u s  LACROSSE models,  w i t h  pr imary emphasis on 

system performance i n  f l i g h t  t e s t s .  Other  p a r t s  of t h e  n a r r a t i v e  w i l l  

be devoted t o  t h e  development o f ,  and s i g n i f i c a n t  changes i n  t h e  

LACROSSE i n d u s t r i a l  program and weapon system p l a n ;  t h e  e x t e n t  o f  

C o r n e l l  c o n t r o l  over  sys tem r e d e s i g n  e f f o r t ;  t h e  procedure  used i n  

t r a n s f e r  of t e c h n i c a l  r e s p o n s i b i l i t y ;  and f i n a l l y ,  t h e  supplemental  R&D 

e f f o r t  c a r r i e d  on by Mar t in  and C o r n e l l  t o  improve a n d / o r  extend system 

performance c a p a b i l i t i e s .  

& The LACROSSE I n d u s t r i a l  Program (U) 

(U) Pros  and Cons of t h e  Telescoped Program 

(U) I n  any t e l e s c o p e d  program, where a  complex m i s s i l e  sys tem such 

a s  LACROSSE i s  p laced  i n  p roduc t ion  b e f o r e  comple t ion  of t h e  R&D phase ,  

Army p l a n n e r s  must c o n s i d e r  t h e  e lements  of r i s k  involved and be p re -  

pared t o  pay t h e  p r i c e ,  n o t  on ly  i n  d o l l a r s  b u t  a l s o  i n  i n i t i a l  q u a l i t y  

of t h e  p r o d u c t .  The p i t f a l l s  normal ly  encounte red  i n  such a  v e n t u r e  a r e  

a s  numerous a s  t h e y  a r e  expens ive ,  and t h e  end p roduc t  can be-and v e r y  

o f t e n  is-more of a  l i a b i l i t y  t h a n  an  a s s e t .  As a  g e n e r a l  r u l e ,  con- 

s i d e r a b l e  d u p l i c a t i o n  of e f f o r t  can  be expec ted  i n  such  a r e a s  a s  

e n g i n e e r i n g ,  component d e s i g n ,  t o o l i n g ,  and documentat ion.  U n t i l  t h e  

R&D d e s i g n  i s  completed and proved, s p a r e  p a r t s  r equ i rements  cannot  be 

f i r m l y  e s t a b l i s h e d .  F requen t  d e s i g n  changes g e n e r a t e  Engineer ing  Change 

Orders  (ECO) and r e s u l t  i n  s p i r a l i n g  hardware and c o n t r a c t  a d m i n i s t r a -  

t i o n  c o s t s .  I n  programs where t h e  c o - c o n t r a c t o r  concep t  i s  a p p l i e d ,  a  

f u r t h e r  i n c r e a s e  i n  d u p l i c a t e d  e f f o r t s  and o v e r - a l l  c o s t s  can  be expec ted .  

(U) One of t h e  key advantages  of t h e  t e l e s c o p e d  R&D-industr ia l  

program i s  t h a t  i t  p rov ides  p reparedness  i n s u r a n c e .  E a r l y  i n d u s t r i a l  

e n t r y  i n t o  a  program n o t  o n l y  a c c e l e r a t e s  development of a  m i s s i l e  

sys tem,  b u t  a l s o  e s t a b l i s h e s  a  p r o d u c t i o n  f a c i l i t y  and n e c e s s a r y  manu- 

f a c t u r i n g  know-how t h a t  can  be c a l l e d  upon t o  produce a  m i l i t a r y  weapon 

when r e q u i r e d .  Hence, i f  t h e r e  i s  adequa te  a s s u r a n c e  t h a t  a  proposed 

m i s s i l e  sys tem can  be developed i n t o  a  t a c t i c a l l y  

produced i n  q u a n t i t y  a t  r e a s o n a b l e  u n i t  c o s t ,  t h e  

. ? ) -  < 

:;34i,,t a", v ,  

u s e f u l  weapon and 

b a s i c  Army p o l i c y  i s  



t o  "c rash"  t h e  program r e g a r d l e s s  of  t h e  a t t e n d a n t  d i s a d v a n t a g e s .  The 

u n d e r l y i n g  ph i losophy  i n  s u p p o r t  of  t h i s  p o l i c y  can b e s t  be summed up 

i n  t h e  words of  L i e u t e n a n t  Genera l  C a r t e r  3. Magruder: 

(U)  I n  a  pe r iod  of g r e a t  s c i e 5 t i f i c  p r o g r e s s  such  a s  t h e  
one i n  which we l i v e ,  wars  may w e l l  be won by major advances  
i n  equipment and weapons n o t  e q u a l l e d  by t h e  enemy. I t  i s  
v e r y  d i f f i c u l t  t o  keep any major advance e n t i r e l y  s e c r E t .  
Accord ing ly ,  advan tages  o v e r  t h e  enemy a r e  o f  r e l a t i v e l y  
s h o r t  d u r a t i o n  and it i s  t h e r e f o r e  e s s e n t i a l  t o  m a i n t a i n  
p r o g r e s s  by improving our  equipment and weapons f a a c e r  t h a n  
he can  imprave h i s .  Wars a r e  n o t  won by weapons o c  t h e  draw- 
i n g  board  G r  even weapons which have been f u l l y  deve lcped  b u t  
n o t  produced i n  adequa te  q u a n t i t y .  It i s  t h e r e f o r e  of  c r i t i c a l  
importance  t h a t  . . . measures Lbe de te rmined  and implemente&7 
t h a t  w i l l  r educe  t h e  t ime  r e q u i r e d  i n  t h e  development of  new 
i t e m s  from c o n c e p t i o n  t o  a v a i l a b i l i t y  i n  q u a n t i t y  ia t h e  hands 
o f  t r o o p s  - 2  

Y 
E a r l y  P l a n n i n g  (U)  

& The Redstone A r s e n a l  C~mmander r e c e i v e d  t h e  i n i t i a l  LACROSSE 

procurement p l a n  from OCO i n  l a t e  A p r i l  1954,  a  few months a f t e r  assum- 

i n g  r e s p o n s i b i l i t y  f o r  t e c h n i c a l  s u p e r v i s i o n  o f  rhe  p r o j e c t .  A t  t h a t  

t ime  t h e  p l a n  was t o  e f f e c t  two procurement a c t i o n s  i n  FY 1955; namely, 

t h e  n e g o t i a t i o n  of  a  c o n t r a c t  by 1 J a n x a r y  1955, c o v e r i n g  a n  i n d o c t r i -  

n a t i o n  program f o r  t h e  c o n t r a c t o r  chosen ,  and a  second c o n t r a c t  o r  

s u p p l e m e n t a l  agreement f o r  p i l o t  p r o d u c t i o n  u s i n g  FY 1955 funds .  By 

t h e  end of  J u l y  1954, Redstone had c ~ m p l e t e d  p l a n s  f o r  s e l e c t i n g  t h e  

i n d u s t r i a l  c o n t r a c t o r  and a  committee was a p p o i n t e d  t o  c a r r y  o u t  t h e s e  

p l a n s  i n  c o n j u n c t i o n  w i t h  C o r n e l l  L a b o r a t o r y .  3 

CI 
On 30 August 1954, t h e  Chief c f  Ordcancs  a d v i s e d  t h e  ACS/G-4 

t h a t  t h e  LACROSSE weapon sys tem had p r c g r e s s e d  ts t h e  p o i n t  where i t  

was n e c e s s a r y  t o  ex tend  t h e  program beyond t h e  R&D phase .  A t  t h e  same 

t i m e ,  FY 1955 funds  were r e q u e s t e d  f o r  t h e  purpose  of e s t a b l i s h i n g  an 

- - --- -- 

2 .  (U) Memo t u  Maj Gen J .  H.  H i r x i c h s ,  COFORD, from L: Gen C a r t e r  
5 .  Magruder,  Dep Chief of  S t a f f  f o r  L ~ g l s t i c s ,  1 4  Apr 58,  s u b j  
" O r d ~ a n c e  O b j e c t i v e s . "  

3 .  (U) LACROSSE Blue Bock, op.  c l t . ,  p. 51.  



converting developmental drawings to Ordnance production drawings. The 

Group A flight test program having started some two weeks before, it 

was anticipated that sufficient R&D drawings of the missile and ground 

equipment would be available in time for negotiation of the initial 

industrial contract by 1 April 1955. To allow sufficient procurement 

lead time and prevent any delay in the Engineer-User (E-U) test program, 

initial procurement in FY 1955 was essential. An examination of re- 

quirements to support the program after phase-out of R&D established 
4 

the following as the very minimum for FY 1955 procurement: 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 Missiles $ 3,500,000 
4 sets Ground Equipment . . . . . . . . . . . . .  5,200,000 
2 sets Maintenance Equipment for 

. . . . . . . . .  Ordnance Support Companies 1,400,000 

Production Engineering, Drawings, 
Technical Reports, Production Engineer- 
ing Tests, & Interim Manuals . . . . . . . . .  3,000,000 

$ 13,100,000 

& In requesting authority to proceed with procurement of the 
above listed items, the Chief of Ordnance pointed out that the quantity * 
of missiles had been reduced from the originally planned 200 to 50. 

This resulted in a higher unit cost, principally because the smaller 

quantity of missiles would have to absorb the cost of special tools, 

dies, fixtures, and gages. Also added to the original estimate was 

the $3 million for production engineering, drawings, reports, etc. 

The 50 missiles proposed for procurement in FY 1955 would be produced 

at the rate of 12 per month for use in the E-U tests. This quantity 

would be barely enough to support the program until delivery of the 

150 missiles then planned for procurement in FY 1956. 
5 

* (U) Included in the Schedule of Commitments, Procurement & Production 
(P&P) Army Appropriation, 1 Jun 54. 

4. (U) u., pp. 41-42. 

5. (U) Ibid., p. 43. 



& One month later, on 30 septe;ber 1954, the ACS/G-4 returned 

the above request without action and asked that it be resubmitted with 

additimal information. Specifically, he wanted a study comparing 

costs if the production rate for the first lot of 50 missiles were held 

to six per month versus the planned rate of 12; and an Ordnance proposal 

for accomplishing initial production at a rate of six per month, increas- 

ing to higher rates only after E-U test firings "establish beyond reason- 

able doubt that this system will attain the required Circular Probable 

Error. 116 

Y 
With the requested additional information, sent to ACS/G-4 on 

22 December 1954, OCO furnished a revised FY 1956 schedule, reducing 

the quantity of missiles to be procured in that year's budget from 150 

to 42. Based on the planned missile firing schedule of six per month, 

it was believed that this lesser quantity would be sufficient to support 

the program until delivery of missiles planned for procurement with FY 

1957 funds. 
7 

(U) Meanwhi le, the RSA-Corne 11 survey team visited the plants of 

four potential co-contractors in August and September 1954, and prepared 

individual scoring summaries with particular emphasis on the company's 

experience and ability to do the LACROSSE job. On the basis of this 

data and an evaluation of contractor proposals, the RSA Technical & 

Engineering Division selected the Glenn L. Martin Company as the new 

co-contractor for LACROSSE. Early in November 1954, the RSA Commander 

sent the final report to OCO with a formal recommendation for approval. 
8 

c\ 
R&D Industrial Contracts (U) 

(U) In January 1955, following a presentation by Ordnance repre- 

sentativss on the R&D-Industrial plans for LACROSSE, the Assistant 

6. (U) Ibid., pp. 43-44. 
m ~ h e  skepticism reflected here was no doubt engendered by the 

disappointing results of the first Group A flight test on 17 Aug 54: the 
missile went out of control and landed some 14 miles fram its target. 

7. (5 )  Ibid., p. 44. 

8. (U) Sacher Rept BE-745-T-149, op. cit., p. 211. 
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Sec re t a ry  of t h e  Army (ASA) approved t h e  Martin Company a s  t h e  co-con- 

t r a c t o r  and au thor ized  the  Chief of  Ordnance t o  proceed w i t h  c o n t r a c t  
9  

n e g o t i a t i o n s .  By the  end of March 1955, Redstone Arsenal  had received 

program d i r e c t i v e s  au tho r i z ing  FY 1955 funds i n  t h e  amount of $13,193,750. 

Negot ia t ions  between t h e  Ph i l ade lph ia  Ordnance D i s t r i c t  and t h e  Martin * 
Company r e s u l t e d  i n  t he  s ign ing  of t h r e e  CPFF c o n t r a c t s  dur ing  the  

per iod 1 A p r i l  t o  1 June 1955. 
10 

Under Contract  ORD-1892, s igned on 1 A p r i l  1955, Mart in  agreed 

t o  provide those  s e r v i c e s ,  m a t e r i a l s ,  and f a c i l i t i e s  necessary  t o  per-  

form the  LACROSSE R&D work s p e c i f i e d  i n  RSA Technica l  Requirements N r .  

15,  13 August 1954, a s  r e v i s e d ,  and i n  t h e  Ordnance Corps Development 

I n s t r u c t i o n s  f o r  LACROSSE, r ev i sed  19 November 1954. The b a s i c  c o n t r a c t  
*A 

was f o r  $699,982 and covered t h e  per iod through 3 1  December 1955. 

*** & Contract  ORD-2000 was s igned on 3 1  May 1955 f o r  $4,934,074, 

inc lud ing  $350,000 f o r  t he  f i xed  f e e  (7.6351% of c o s t ) ,  $40,000 f o r  

f a c i l i t i e s ,  and $4,544,074 f o r  s e r v i c e s  and s u p p l i e s .  It  c a l l e d  f o r  a  

Phase I1 Product ion Engineering Study beginning i n  June 1955 and con- 

t i n u i n g  through May 1957. The b a s i c  o b j e c t i v e s  of t h i s  c o n t r a c t  were 

t o  have the  c o n t r a c t o r  perform such r edes ign  and product ion engineer ing  

* (U) These c o n t r a c t s  have been mentioned b r i e f l y  e a r l i e r  i n  t h i s  
s tudy  t o  t i e  i n  t h e  over- lapping CAL-Martin e f f o r t  dur ing  1955-56 
( s ee  summary of Program Plans & Schedules ,  Chap 111) .  They a r e  
descr ibed  i n  more d e t a i l  i n  succeeding paragraphs of t h i s  chap te r .  

** (U) A s  of 30 Jun 60, 53 sup1 agreements had been s igned ,  i nc reas ing  
the  t o t a l  cont  va lue  t o  $27,488,000. Some of t h i s  money was a l -  
l o t t e d  f o r  s t u d i e s  and development e f f o r t  t o  improve and/or extend 
LACROSSE c a p a b i l i t i e s .  For example, $11 m i l l i o n  went t o  t h e  MOD I 
program which was s t a r t e d  and te rmina ted  under t h i s  cont  dur ing  
1956-59. Other such programs inc luded  t h e  Airborne Cont ro l  System 
(ABC) and t h e  Hel icopter  T ranspo r t ab l e  System (HTS). 

*** (U) AS of 30 Jun 60, t h e  t o t a l  va lue  of Cont ORD-2000 was $7,078,053, 
t h i s  inc lud ing  a  f i xed  f e e  of $477,824 o r  7.2395% of c o s t .  Note the  
r educ t ion  of  .3956% i n  c o n t r a c t o r ' s  o v e r - a l l  p r o f i t  (from 7.6351% 
f o r  b a s i c  cont  t o  an o v e r - a l l  r a t e  of 7.2395%)). 

9 .  (U) I n c l  t o  ARGMA L t r ,  15 J u l  60, op. c i t .  

10. (U) LACROSSE Blue Book, op. c i t . ,  p. 46. 



a s  n e c e s s a r y  t o  develop e s s e n t i a l  economical  t e c h n i q u e s  and p r o c e s s e s  

a p p l i c a b l e  t o  producing i n  volume comple te ly  i n t e r c h a n g e a b l e  components 

f o r  t h e  LACROSSE I system. I n  performing p r o d u c t i o n  r e d e s i g n  on t h e  

m i s s i l e ,  Mar t in  was r e q u i r e d  under t h e  c o n t r a c t  t o  m a i n t a i n  f u n c t i o n a l  

r e l i a b i l i t y  o f  a l l  components 

v 
The FY 1955 produc t ion  c o n t r a c t ,  ORD-2013, was s igned  on 1 June 

1955 f o r  $8,058,587,  i n c l u d i n g  a  f i x e d  f e e  o f  $550,000 o r  7.3255% of 
* 

c o s t .  D e l i v e r y  o f  end i tems l i s t e d  below was t o  beg in  i n  August 1956 

and e x t e n d  through September 1957. 
11 

j@ 50 LACROSSE I Pro to type  M i s s i l e s  
25 M i s s i l e  Conta iners  (Reusable) 
50 Warhead Compartments 
70 Propu ls ion  U n i t s  

4  S e t s  Ground Guidance,  Launching,  & Handling Equipment 

S p e c i a l  Tools & T e s t  Equipment: 
2  S e t s  f o r  O r g a n i z a t i o n a l  Maint ( 1 s t  & 2nd ~ c h e l o n )  
2  S e t s  f o r  F i e l d  Maint (3rd & 4 t h  Echelon) 

Spare  p a r t s  t o  suppor t  scheduled f i r i n g  t o  50 m i s s i l e s  and 
t o  m a i n t a i n  ground equipment f o r  a  p e r i o d  of one y e a r .  

Complete s e t  of Ordnance drawings  on a l l  t h e  above i t ems  
e x c l u d i n g  t h e  m i s s i l e .  

Handbooks 

(U) Coord ina t ion  between t h e  FY 1955 p r o d u c t i o n  c o n t r a c t  (ORD-2013) 

and t h e  Produc t ion  Engineer ing Study (ORD-2000) i s  d e p i c t e d  i n  F i g u r e  

22. The e x t e n t  of C o r n e l l  c o n t r o l  over  M a r t i n ' s  r e d e s i g n  e f f o r t  w i l l  

be d i s c u s s e d  l a t e r  i n  t h i s  c h a p t e r .  

9 Fnllow-On Product ion Orders  and Schedules  (U) 

& The f i r s t  o f f i c i a l  Weapon System P l a n ,  p u b l i s h e d  on 25 March 

1955 ( F i g u r e  l l ) ,  had been developed on t h e  b a s i s  o f  t h e  above FY 1955 

* (1;) Subseqaent PEMA o b l i g a t i o n s  d u r i n g  p e r i o d  FY 1956-60 i n c r e a s e d  
t h e  t o t a l  v a l u e  o f  Cont ORD-2013 t o  $44,171,010,  t h i s  i n c l u d i n g  a n  
a c t u a l  hardware c ~ s t  of $41,747,602 and a  t o t a l  f i x e d  f e e  of 
$2,423,408 o r  5.8049% of c o s t .  N ~ t e  r e d u c t i o n  of 1.5206% i n  con- 
t r a c t o r ' s  o v e r - a l l  p r o f i t  r a t e  (from 7.3255% f o r  b a s i c  con t  t o  a n  
o v e r - a l l  f i g u r e  o f  5.8049%). 

11. (U) I b i d . ,  pp. 46-48,  82-83; and I q c l  t o  ARGMA L t r ,  15 J u l  60,  



COORDINATION BETWEEN PRODUCTION ENGINEERING 

STUDY AND PRODUCTION CONTRACT FOR F Y  55 PRODUCTION 

OF LACROSSE MISSILE 

1 9 5 5  1 9 5 6  1 9 5 7  

A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O  

CONTRACT D A - 3 6 - 0 3 4 - O R D - 2 0 0 0  (PRODUCTION ENGINEERING STUDY) 

TASK I , TASK 2 TASK 3 

FEASIBILITY PROPOSE REDESIGN. PREPARE CONTINUE REDE. 
STUDY TOOLING DRAWINGS. FABRICATE 2 SIGN. FABRICATE 

MISSILES. 3 MISSILES. 

RELEASE OF FIRST SET OF 
DRAWINGS. I RELEASE SECOND 

SET OF ORAWIMQS. 

D A - 3 6 - 0 3 4 - O R D - 2 0 1 3  
(PRODUCTION CONTRACT) 

MISSILE SCHEDULE 

GRD. EQUIP. SCHEDULE 

1 TOTAL  

TASK 4 

CONTINUE REDE- 
SIGN. FABRICATE 
I MISSILE. 

RE- EaLUATE 

A S O N D J  

LOT I 
I 0  

F M A M  

LOT 2 
19 

J J A S  

LOT 3 
2 1 

FIGURE 22 



industrial program. While follow-on proauction was planned at that 

time, neither the program objectives nor the funding level for FY 1956 

had been firmly established. 

& During FY 1956, the Army decided to continue the LACROSSE 
program, though firm objectives for tactical requirements were yet to 

be established. Based on plans to initiate training activities, and 

to provide equipment for other non-tactical efforts, Ordnance recom- 

mended the procurement of 42 more missiles, seven more sets of non- 

tactical ground equipment, and prototype Ordnance Maintenance Test 

Equipment. Industrial (PEMA) funds obligated for these and other 

miscellaneous items in FY 1956 totaled $19,344,000, of which about 

$17,220,000 went to the Martin Company. 
12 

& As the result of a cut-back in FY 1957 procurement funds, the 
LACROSSE program lost momentum. Although R&D work was to continue, 

the level of FY 1957 procurement funds available and contemplated budget 

restrictions for FY 1958 and subsequent years made it necessary to 

reduce the over-all industrial effort. Only a minimum of engineering 

effort was to be performed sufficient to complete LACROSSE as an on- 

the-shelf item. An additional 108 prototype missiles were to be pro- 
>\ 

cured with FY 1957 funds making a total of 200 missiles for completion 

of all tests. Industrial funds authorized and obligated in FY 1957 

totaled $10.977 million, in contrast to $19.344 millicn in the preced- 

ing year. About $8.567 million of the FY 1957 obligation went to the 

Martin Company. 

4 jCt( The expected funding shortage for FY 1958 prevented the 
establishment of firm tactical objectives; however, preliminary plan- 

ning early in FY 1957 called for 16 full Army battalions ultimately, 

the first fb>ur of which would be activated at reduced strength with 

the LACROSSE I and later converted to the improved MOD I system. 

The 50 from FY 55; 42 from FY 56; and 108 with the FY 57 program. 
These missiles and the 11 sets of ground equipment (from FY 55/56 
programs) were considered to be non-tactical equipment. 

12. (-C) Incl to ARGMA Ltr, Ibid. 

UNCLASSIFIED kt., - .. 



Following r e l e a s e  of t he  FY 1957- program t o  t h e  f i e l d  i n  January 1957, 

t h e  budgetary out look appeared b r i g h t e r  f o r  FY 1958 and the Army decided 

t o  go ahead wi th  f i rm plans f o r  a  t a c t i c a l  LACROSSE. Accordingly, , 

Redstone Arsenal  published a  r ev i sed  Weapon System Plan i n  June 1957, 

t h i s  one superseding t h e  o r i g i n a l  plan of 25 March 1955. The new plan 

r e f l e c t e d  c u r r e n t  program planning f o r  both t h e  LACROSSE I and MOD I,  

t h e  l a t t e r  appearing on the  schedule  f o r  t h e  f i r s t  t ime.  To p lace  sub- 

sequent  developments i n  proper pe r spec t ive ,  t h e  key t a r g e t  d a t e s  

e s t a b l i s h e d  i n  t h i s  plan (F igure  23) a r e  b r i e f l y  descr ibed  below. 

3 Perhaps t he  most ou ts tanding  f e a t u r e  of t h e  LACROSSE I schedule * 
was a  s l i p p a g e  of s i x  months i n  t h e  Ordnance Readiness Date from Ju ly  

1958 t o  December 1958. Del ivery of n o n - t a c t i c a l  product ion prototypes 

was t o  be completed i n  September 1958 ( i n s t e a d  of  September l957) ,  

followed by t h e  f i r s t  t a c t i c a l  d e l i v e r i e s  i n  October 1958. With e s t i -  

mated completion d a t e s  f o r  documentation and t r a i n i n g  extended accord-  

i n g l y ,  t he  e a r l i e s t  ORD f o r  t h e  system would be December 1958, t he  

d i f f e r e n c e  of  two months being allowed f o r  a d m i n i s t r a t i v e  and prepara-  

t i o n  t ime. T a c t i c a l  equipment d e l i v e r i e s  would inc lude  279 m i s s i l e s  

and four  reduced-s t rength  b a t t a l i o n  s e t s ,  a l l  planned f o r  procurement 

wi th  t he  FY 1958 program. 

& The o v e r - a l l  Ordnance Readiness Date e s t a b l i s h e d  f o r  t he  MOD I 

system was January 1960. Non- tac t ica l  d e l i v e r i e s  (204 m i s s i l e s / l 9  s e t s  

ground equipment) were t o  begin i n 4 p r i l  1958 and cont inue  through 

March 1960. T a c t i c a l  d e l i v e r i e s  (765 m i s s i l e s / l 6  s e t s  ground equipment) 

were planned t o  begin i n  October 1959 t o  f u l f i l l  t h e  1 6 - b a t t a l i o n  Army 

o b j e c t i v e .  Beginning i n  e a r l y  1961, LACROSSE I equipment i n  the  f i e l d  

- - - - 

* (U) The Ordnance Readiness Date (ORD) i s  def ined  a s  t h e  d a t e  by which 
the  Army plans t o  f u r n i s h  t he  f i r s t  a ccep tab l e  complete weapon system 
t o  t h e  f i e l d ,  and t o  have a l l  i n i t i a l  c a p a b i l i t i e s  ( e . g . ,  t r a i n e d  
manpower, t e c h n i c a l  p u b l i c a t i o n s ,  r e p a i r  p a r t s ,  equipment, and f a c i -  
l i t i e s )  needed f o r  sus t a ined  supply,  maintenance, and o the r  Ordnance 
suppor t  c o n s i s t e n t  wi th  t h e  p lan  or  program f o r  t h a t  weapon system. 
I t  i s  here  t h a t  t he  key disadvantages of  a  t e lescoped  program began 
t o  show up. 
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would be conver ted t o  MOD I by use of r e t ? o f i t  o r  a d a p t i o n  k i t s .  The 

i n i t i a l  MOD I buy was t o  be made w i t h  FY 1958 funds  and would p rov ide  

t h e  equipment f o r  t e s t ,  t r a i n i n g ,  and o t h e r  n o n - t a c t i c a l  r equ i rements .  

& Although t h e  nex t  o f f i c i a l  r e v i s i o n  of t h e  weapon system p l a n  

was n o t  appraved and publ ished u n t i l  June 1958, t h e r e  was abundant 

e v i d e n c e  of a  p roduc t ion  e f f o r t  s t r e t c h - o u t  t h e  minute  t h e  FY 1958 

program h i t  t h e  f i e l d  i n  November 1957. Based on t h e  l e v e l  o f  e f f o r t  

provided i n  t h i s  program and t h e  r e q u i r e d  p r o d u c t i o n  l ead  t ime of  15 

months, t h e  e a r l i e s t  t h a t  LACROSSE I t a c t i c a l  equipment could  be 

d e l i v e r e d  was February 1959. T h i s ,  coupled w i t h  a  cor responding  

s t r e t c h - o u t  i n  d e l i v e r i e s  of n o n - t a c t i c a l  equipment from t h e  FY 1957 

buy, l e d  t o  a n  e x t e n s i o n  of t h e  Ordnance Read iness  Date t o  A p r i l  1959. 

The same e f f e c t  c a r r i e d  over  i n t o  t h e  MOD I program, bu t  t h e  o v e r - a l l  

s l i p p a g e  was much g r e a t e r  because of t e c h n i c a l  problems and d e l a y s .  A s  

a  consequence,  t h e  MOD I r e a d i n e s s  d a t e  was changed from January  1960 

t o  October  1960, and i t  was necessa ry  t o  d e f e r  t h e  f i r s t  MOD I procure -  

ment t o  t h e  FY 1959 program. 

9 
Fol lowing t h i s  d e l a y  i n  a v a i l a b i l i t y  o f  MOD I ,  and t o  p rov ide  

a  c a p a b i l i t y  i n  FY 1960, the  Army o b j e c t i v e  f o r  LACROSSE I was r e v i s e d  

from f o u r  t o  e i g h t  r e d u c e d - s t r e n g t h  b a t t a l i o n s  w i t h  a  cor responding  

i n c r e a s e  i n  t a c t i c a l  m i s s i l e s .  These a d d i t i o n a l  i t ems  o f  IACROSSE I 

equipment were ta be p r o s x e d  w i t h  t h e  FY 1959 program. 

,& But t h e  funding s i t x a t i o n  i n  FY 1959 showed l i t t l e  improvement. 

Funding g ~ i d a c c e  was n o t  r e l e a s e d  t o  t h e  f i e l d  u n t i l  t h e  y e a r  was h a l f  

gone and t h e  funds  provided were $10 m i l l i o n  s h o r t  o f  t o t a l  program 

r e q u i r e m e n t s .  To procdre  t h e  a d d i t i o n a l  LACROSSE I i t ems  and t h e  f i r s t  

n o n - t a c t i c a l  MOD I equipment,  a s  mentioned above,  a  t o t a l  of $65.0 

m i l l i o a  was needed i n  t h e  FY 1959 program. Only $55.0 m i l l i o n  was made 

a v a i l a b l e .  

Y ,&f Meanwhile, the  IACROSSE I s e r v i c e  t e s t s  were suspended i n  

November 1958 because  of system d e f i c i e n c i e s .  P r a d u c t i o n  of LACROSSE 

L i tems were immediately suspended and a s e r i e s  of s p e c i a l  t e s t s  (known 

as  O p e r a t i o n  " P i c k l e  Barre l")  was ccnducted t o  derermine c o r r e c t i o n s  
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and f i x e s  r equ i r ed .  Appropriate  f i x e s  were e s t a b l i s h e d  i n  January 1959 

and product ion was resumed. This  de l ay  d i c t a t e d  y e t  another  change i n  

t h e  r ead ines s  d a t e ,  t h i s  t i m e  t o  J u l y  1959, where i t  remained f o r  t h e  

balance of t he  program. 

I 3 Because of  the  funding shor tage  and program de l ay  mentioned 

above, and t h e  funding l e v e l s  expected f o r  follow-on y e a r s ,  a  hold order  

was placed on procurement of MOD I i t e m s .  A t  t h e  same t ime,  t he  Army 

reduced i t s  t a c t i c a l  o b j e c t i v e s  from 16 t o  12 b a t t a l i o n s .  The LACROSSE 

weapon system p lan  a s  r ev i sed  i n  January 1959 (Figure 24) r e f l e c t e d  t h e  

new read ines s  d a t e  of Ju ly  1959 f o r  LACROSSE I and extended t h e  r e a d i -  

ness  d a t e  f o r  MOD I from October 1960 t o  July 1961. Also,  t h e  f i r s t  

n o n - t a c t i c a l  d e l i v e r y  of MOD I i tems was reduced ( i t  i s  shown on t h e  

c h a r t  a s  i t  would have proceeded w i t h  t h e  FY 1959 program p r i o r  t o  t h e  

hold order )  . 
& Ear ly  i n  1959, t he  Army conducted a  complete review of  t h e  

LACROSSE program. A s tudy compared t h e  c o s t s  of  p rovid ing  12 LACROSSE 

b a t t a l i o n s  from t h e  going LACROSSE I program, t o  cont inu ing  t h e  MOD I 

t o  an  u l t i m a t e  o b j e c t i v e  of  12 b a t t a l i o n s .  This  s tudy  showed t h a t  12 

MOD I b a t t a l i o n s  would c o s t  over $100 m i l l i o n  more than  12 LACROSSE I 

b a t t a l i o n s .  

3 With the  Army a l r eady  s h o r t  of  funds t o  c a r r y  on o t h e r  p r o j e c t s ,  

t h e  f i g u r e  of $100 m i l l i o n  was d e f i n i t e l y  o u t  of  t h e  ques t i on .  The Army 

subsequent ly  recommended t e rmina t ion  of  f u r t h e r  e f f o r t  on t h e  MOD I; 

t h e  Chief of S t a f f  concurred i n  August 1959. Cance l l a t i on  of  t h e  MOD I 

program l e f t  t he  LACROSSE I wi thout  t h e  one c r u t c h  which could have made 

i t  a  completely r e l i a b l e ,  f i e ld-wor thy  weapon. For t h i s  reason ,  t h e  

U. S. Marine Corps announced i t s  immediate withdrawal from t h e  program. 
13 

(U) A s  Brigadier  General H.  C .  T s c h i r g i ,  USMC, ACS/G-4, l a t e r  t o ld  

t h e  Subcommittee on Department of Defense Appropr ia t ions :  

(U) It takes  a  very  s imple dev ice  t o  i n t e r f e r e  w i t h  
t h e  c o n t r o l  of t h e  LACROSSE. LACROSSE, a s  you know, i s  

- - 

13. (I?) I n c l  t o  ARGMA L t r ,  15 J u l  60 ,  op. c i t .  

UNCLASSIFIED . * 



controlled by a forward station and it must have the radio 
signals going back to it. If any radio transmitter gets 
on the same frequency, the missile is lost. 

(U) If you put a nuclear warhead on one of these 
things, it is going to be a little bit unfortunate if some- 
body guided it to the wrong place, or if it got to the 
wrong place without any guidance. It is a $70,000 missile 
and it can be interfered with by another local station. 14 

The Production Prototype System-Tasks I1 & 111 (U) 

& Extent of Cornell Control.Over System (Y) 
3 Under terms of the R6D contract (ORD-1892) between Redstone 

Arsenal and the Martin Company, prime responsibility for technical 

development of the LACROSSE system resided with Cornell, and the effort 

was therefore directed by technical work authorizations originated by 

Carne 11. l5 The production engineering contract (ORD-2000) between RSA 

and Martin did not provide for this element of control by Cornell; 

however, in performing redesign on the missile, Martin was required 

under the contract to maintain functional reliability of all 

components. 16 

& Pursuant to its delegated R&D responsibility, Cornell gave 

Martin a subcontract for LACROSSE I planning early in February 1955. 

This contract called for over-all program planning and liaison in 

cooperation with the laboratory; initiation of preliminary design of 

LACROSSE I missile and launching system; and preparation for fabrica- 

tion of Group B missiles, including commitments for procurement of 

critical items, as required. l7 The Group B missile program was also 

covered in Martin's production engineering contract with Redstone, but - 

with no provision for control by Cornell. 18 

14. (U) Hearings Before the Subcommittee of the Committee on 
Appropriations, House of Representatives, Eighty-Sixth Congress, 
Second Session, 25 Feb 60. ' 

15. (3) Sacher Rept BE-745-T-149, op. cit., p. 212. 

16. (U) LACROSSE Blue Book, op. cit., p. 48 

17. (U) Sacher Rept BE-745-T-149, op. cit., p. 212. 

18. (U) LACROSSE Elue Book, op. cit., p. 47. 
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(U) The Cornell Laboratory was prima;ily a research activity and 

had no capability for mass production; however, it did have a limited 

capacity for product design and fabrication as required to formalize 

designs or conduct critical experiments to demonstrate the feasibility 

of a system. Once the feasibility of the LACROSSE system had been 

demonstrated, further development of the system was to be accomplished 

by the Martin Company. 

(U) In establishing the accuracy to which the LACROSSE missile 

could be guided, Cornell had to produce well developed items of special 

equipment and conduct rather extensive field tests. Therefore, it was 

deeply involved in the detail design of equipment and had a somewhat 

more extensive background in LACROSSE than might be considered normal 

for a research laboratory. For this reason, a primary objective of the 

LACROSSE activity .at Cornell during the 1956-58 period was the complete 

and efficient transfer of technical material to the Martin Company. As 

a part of this transfer, it was essential to assure that full use was 

rna'de of such material and that Martin could efficiently carry on the 

development. Further, it was important that the Martin Company "be able 

to recognize and solve LACROSSE system problems using the past experi- 

ence of Cornell . . . and their acquired LACROSSE background. " When 

this had been accomplished, technical responsibility for the LACROSSE 

project was transferred from Cornell to Martin in a phased, item-by- , 
item manner as described later in this study. 

3 Extent of Cornell Desim (U) 
3 Aerodynamically, the LACROSSE I missile remained unchanged 

, from its Group A design. Structurally, the detail design changed 

drastically to accommodate production techniques. The system changes 

dictated by the LACROSSE I concept were recognized by Cornell and 

carried through to the breadboard stage prior to transfer of missile 
I 

responsibility to the production contractor. 

19. (U) Sacher Rept BE-745-T-149, op. cit., pp. 212-13. 



3 The t a c t i c a l  developed by 

PTL whi le  under subcont rac t  t o  Corne l l ,  was s u s c e s s f u l l y  t e s t e d  during 

t h e  Group B program. These t e s t s  showed t h a t  no major redes ign  was . 

r equ i r ed  f o r  LACROSSE I, though f u r t h e r  development e f f o r t  was necessary 

ta  improve system ope ra t i on  i n  t he  presence of  e l e c t r o n i c  countermeasures.  

& The LACROSSE launcher developed by Corne l l  f o r  t h e  Group A and 

B programs was no t  a  product ion item. The c rane  r a i l s  were r o l l e d  t o  

shape by Bethlehem S t e e l  Company and were supported by a  web conf igura-  

t i o n .  For product ion purposes,  Mart in  found i t  p re fe rab l e  t o  c a s t  t h e  

r a i l s  and r a i l  suppor t s  a s  a  . s i n g l e  s e c t i o n .  

& The m i s s i l e  shipping con ta ine r  developed under a  Corne l l  sub- 

c o n t r a c t  had a  f i b e r g l a s s  impregnated ou t e r  s h e l l  w i th  a  pressurized 

aluminum inner  s h e l l .  This  con ta ine r  met a l l  s p e c i f i c a t i o n s ;  however, 

t o  reduce c o s t ,  Mart in  chose t o  develop a s t e e l  con ta ine r .  

a Except f o r  t h e  FGS v e h i c l e ,  the  prime r e s p o n s i b i l i t y  f o r  

development of support  equipment was assigned t o  Mart in .  Corne l l  

a c t i v i t y  i n  t h i s  a r e a  was l im i t ed  t o  reviewing Mar t in ' s  plans t o  

determine compliance w i t h  t he  b a s i c  LACROSSE concept .  
20 

& M a r t i n ' s  R&D Tes t  Program (U) 

& Following product ion of t h e  Group B m i s s i l e s ,  Mart in  s t a r t e d  a  I 

s e r i e s  o f , d e s i g n  ref inement  and product ion t a s k s  (Figure 22) lead ing  t o  

t h e  u l t i m a t e  t a c t i c a l  des ign .  The f i r s t  t a s k  was a  f e a s i b i l i t y  s tudy  

of m a t e r i a l s ,  methods, and processes  of  manufacture,  and d i d  no t  inc lude  

a c t u a l  hardware product ion.  From r e s u l t s  of the  Task I s tudy ,  e i g h t  

Task 11 f i r s t  product ion pro to type  m i s s i l e s  were developed and f l i g h t  

t e s t e d  w i ~ h  an engineer ing  goa l  of 60% of t h e  u l t i m a t e  m i s s i l e  des ign .  

Task 111, i n  turf i ,  was a  ref inement  of  t h e  Task 11 des ign  and included 

21 second product ion prototype m i s s i l e s .  (Task IV e f f o r t  embraced 

f u r t h e r  des ign  ref inement  and product ion of f i n a l  t a c t i c a l  m i s s i l e s  

used i n  t h e  composite F l i g h t  Tes t  Program.) The LACROSSE m i s s i l e  and 

20. (ti) I b i d . ,  pp. 209-210. 



UNClA@jFjE.Qt ; ' r b  
a i r b o r n e  guidance development programrTnciluded a  para1  l e  1 e f f o r t  on the  

ground guidance s t a t i o n .  Mis s i l e  ground guidance components were 

developed i n  l o t s  concur ren t ly  w i th  t h e  m i s s i l e .  
2 1 

(U) C o r n e l l ' s  p a r t i c i p a t i o n  i n  t h e  Task I1 and 111 f l i g h t  t e s t  

program cons i s t ed  of eva lua t ing  t e s t  d a t a  and d i s c u s s i n g  r e s u l t s  wi th  

Mart in  personnel  a t  system a n a l y s i s  conferences .  To a s s i s t  Mart in ,  a  

Corne l l  r e p r e s e n t a t i v e  remained a t  White Sands du r ing  the  program. 

Except f o r  l igh tweight  launcher t e s t s ,  C o r n e l l ' s  p a r t i c i p a t i o n  i n  

LACROSSE I f l i g h t  t e s t  a t  White Sands was te rmina ted  w i t h  t he  t r a n s f e r  

of engineer ing  r e s p o n s i b i l i t y  f o r  t h e  Task I V  program i n  March 1958. 
2  2  

& Task I1 Program (U) 

#f F l i g h t  t e s t i n g  of t he  e i g h t  Task I1 product ion prototype 

m i s s i l e s  began a t  White Sands i n  January 1957 and cont inued through 

13 June 1957. The FGS used i n  t he se  t e s t s  was t he  Group B equipment 

developed by FTL under subcont rac t  t o  Corne l l .  A l l  e i g h t  of the  Task 

I1 m i s s i l e s  used the  XM-10 rocke t  motor developed by the  Thiokol 

Chemical Corporat ion under c o n t r a c t  w i t h  Redstone Arsena l .  

a The primary ob jec t ive  of t h e s e  t e s t s  was t o  demonstrate t he  

o v e r - a l l  accuracy and performance of t h e  LACROSSE I m i s s i l e .  Four of 

t he  m i s s i l e s  impacted w i t h i n  t h e  r equ i r ed  accuracy ,  and one o t h e r  was 

considered succes s fu l  but impacted o u t s i d e  t h e  r equ i r ed  CPE (8.7 meters 

low i n  p i t c h  and 14.3 meters t o  t he  l e f t  i n  yaw of t h e  t a r g e t ) .  

Hydraul ic  system f a i l u r e  downed one of t h e  m i s s i l e s  s e v e r a l  thousand 

meters  s h o r t  of t h e  t a r g e t .  The remaining two m i s s i l e  f l i g h t s  were 

a l s o  marred by component malfunct ion,  one having a  yaw e r r o r  of 54.6 

meters  and t h e  o the r  a  p i t c h  e r r o r  of 4,448 meters .  
23 

21. (U) "LACROSSE System Desc r ip t i on , "  by Mar t in  Co.,  Jan 61, p. 5 ,  
RSIC. 

22. (U) Sacher Rept BE-745-T-149, op. c i t . ,  p. 218. 

23. (U) Martin Rept OR 6-1,  LACROSSE Semiannual Rept f o r  per iod 
ending 30 Jun 57, 17 Oct 57, p. v ;  and Szabo, W .  J . ,  "Quarter ly  Progress  
Report . . .  Apri l -June 1957," CAL Rept BE-745-T-26, 15 J u l  57, p. 38 ,  
RSIC. See t a b l e  of Task I1 f i r i n g s ,  Document 13.  
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Figu re  25. LACROSSE MISSILE UNVEILED AT REDSTONE ARSENAL-The above 
photo of t h e  Lacrosse  m i s s i l e  was t h e  f i r s t  r e l e a s e d  by t h e  Army i n  
February 1957. Shown a longs ide  t h e  m i s s i l e  a r e  t h r e e  Redstone men who 
played l ead ing  r o l e s  i n  i t s  development: ( l e f t  t o  r i g h t )  Norman Bucholz; 
L t  Col Bruce P i e r c e ,  and Johnnie  iynch .  (Redstone Rocket, 5 Feb 57) 

F igu re  26. These photographs show a p inpo in t  h i t  and d e s t r u c t i o n  of 
t a r g e t  bunker by a LACROSSE m i s s i l e .  ., ,, (Av ia t i on  Week, 4 Feb 57, p. 31) 

! '  r 
-. 



Task 111 Program (U) 

@ With in  a  week a f t e r  t h e  l a s t  Task I1 f i r i n g ,  M a r t i n  had com- 

p l e t e d  d e l i v e r y  of  t h e  21 Task 111 (second p r o d u c t i o n  p r o t o t y p e )  

m i s s i l e s  and was ready  t o  b e g i n  f l i g h t  t e s t s  on 20 June  1957. The FGS 

used was t h e  LACROSSE I ,  Lot I equipment developed by FTL under sub-  

c o n t r a c t  t o  M a r t i n .  Two of  t h e  21 rounds  were  r e s e r v e d  f o r  s p e c i a l  

f i r i n g s ;  t h r e e  were used i n  unguided m i s s i l e  f l i g h t  t e s t s  t o  e v a l u a t e  

t h e  l i g h t w e i g h t  l a u n c h e r ;  and t h e  remain ing  16 were  used i n  M a r t i n ' s  

RbJ) e v a l u a t i o n  program. 

a Of t h e  16 RhD e v a l u a t i o n  f i r i n g s ,  f i v e  o r  abou t  31% impacted 

w i t h i n  t h e  r e q u i r e d  CPE. One o t h e r  f l i g h t  was c o n s i d e r e d  s u c c e s s f u l  

b u t  o u t s i d e  t h e  CPE (yaw e r r o r  1 3 . 1  m e t e r s ;  p i t c h  e r r o r  5 . 8  m e t e r s ) .  

The remain ing  10 f l i g h t  t e s t s  were  marred by m a l f u n c t i o n s  i n  t h e  

gu idance  and c o n t r o l  sys tem.  A l l  o f  t h e s e  f i r i n g s  were  completed by 

19 March 1958. 

3 The t h r e e  unguided f l i g h t  t e s t s  were  conducted by C o r n e l l  t o  

e v a l u a t e  t h e  l i g h t w e i g h t  l auncher  b e i n g  deve loped  f o r  t h e  H e l i c o p t e r  

T r a n s p o r t a b l e  System. T e s t  o b j e c t i v e s  o f  t h e  f i r s t  f i r i n g ,  on 13 

December 1957,  were n o t  ach ieved  because  o f  a  m a l f u n c t i o n  i n  t h e  

s t a b i l i z e r  e l ement .  The second t e s t ,  on 2 1  February  1958, was corn- 

p l e t e l y  s u c c e s s f u l .  I n  t h e  t h i r d  t e s t ,  on 8  May 1958, a n  o s c i l l o g r a p h  

f a i l u r e  caused  t h e  l o s s  of t e s t  r e c o r d s ;  however, t h e  l auncher  and i t s  

r e d e s i g n e d  s t a b i l i z e r  appeared t o  f u n c t i o n  p r o p e r l y .  
2  4 

(U) T r a n s f e r  of  T e c h n i c a l  R e s p o n s i b i l i t y  (U) 

(U) A t  t h e  end of  t h e  Task 111 program, t h e  t r a n s f e r  of  t e c h n i c a l  

r e s p o n s i b i l i t y  from C o r n e l l  t o  M a r t i n  had been e s s e n t i a l l y  completed.  

(U) The t r a n s f e r  of  r e s p o n s i b i l i t y  was e f f e c t e d  i n  a n  o r d e r l y  and 

p r o g r e s s i v e  s e r i e s  of  d i s c r e t e  s t e p s .  When a  p a r t i c u l a r  a r e a  of  

t e c h n i c a l  a c t i v i t y  was s u f f i c i e n t l y  d e f i n e d ,  w i t h  i t s  scope and s c h e d u l e  

- -- - -- 

24. (U) S p a n g l e r ,  G .  , "LACROSSE Semiannual P r o g r e s s  Repor t ,  
January-June  1958," CAL Rept BE-745-T-29, 15 J u l  58,  pp. 3 3 ,  70-72,  
RSIC; and Sacher  Rept BE-745-T-149, op.  c i t . ,  p .  218. See t a b l e  o f  
t e s t  r e s u l t s ,  Document 14. 



e s t a b l i s h e d ,  a  t a r g e t  d a t e  f o r  t h e  t r a n s f e r  was s e t .  The t r a n s f e r  

p rocess  f o r  each  i t em included a  d e t a i l  check-of f  l i s t  cover ing  o b j e c -  

t i v e s  and s t a n d a r d s  of performance f o r  concur rence  of bo th  c o n t r a c t o r s .  

The t a r g e t  d a t e s  e s t a b l i s h e d  i n  t h e  o r i g i n a l  l i s t  r e p r e s e n t e d  t h e  l a t e s t  

t ime a t  which t r a n s f e r  should be e f f e c t e d .  It was C o r n e l l ' s  d e s i r e  t o  

complete t h e  t r a n s f e r  a s  e a r l y  a s  p o s s i b l e  and t o  r e a c h  a  r e a s o n a b l e  

degree  o f  t e c h n i c a l  agreement on each  i t em two o r  t h r e e  months i n  

advance o f  t h e  appo in ted  d a t e .  R e s p o n s i b i l i t y  f o r  a  s p e c i f i c  LACR0,SSE 

system was t r a n s f e r r e d  w i t h  f u l l  concurrence o f  Redstone A r s e n a l  when 

each t e c h n i c a l  a r e a  of t h e  system had been t r a n s f e r r e d  t o  and accep ted  

by t h e  M a r t i n  Company, and when t h e  Mar t in  Company had demonstra ted a n  

adequa te  R&D a b i l i t y  t o  i n s u r e  t h e  con t inued  development and product  

e n g i n e e r i n g  o f  t h a t  system t o  t h e  f u l l  s a t i s f a c t i o n  o f  RSA P r o j e c t  

Engineers .  

(U) The t r a n s f e r  of t e c h n i c a l  r e s p o n s i b i l i t y  f o r  any i t em of t h e  

sys tem o r  f o r  a  complete system i n d i c a t e d  t o  Redstone A r s e n a l  t h a t  t h e  

R&D e f f o r t  on t h a t  i t em o r  system was p r o g r e s s i n g  s a t i s f a c t o r i l y  and 

t h a t  f a r t h e r  d e t a i l e d  moni tor ing by C o r n e l l  was unwarranted.  It d i d  

n o t  mean, however, t h a t  t h e  R&D was n e c e s s a r i l y  complete ,  nor t h a t  t h e  

i t em o r  sys tem was ready f o r  "p roduc t ion  r e l e a s e "  by t h e  RSA R&D 

D i v i s i o n .  

(U) Once a n  i t e m  o r  system had been t r a n s f e r r e d ,  C o r n e l l  no longer  

main ta ined  c l o s e  l i a i s o n  w i t h  Mar t in .  However, i n  accordance w i t h  i t s  

r e s p o n s i b i l i t i e s  t o  Redstone,  C o r n e l l  d i d  c o n t i n u e  t o  moni to r  t h e  e n t i r e  

program u n t i l  t r a n s f e r  of complete r e s p o n s i b i l i t y  had been e f f e c t e d  and 

asked t o  be k e p t  advised o f  a l l  d e s i g n  changes  a f f e c t i n g  t h e  perform- 

ance c h a r a c t e r i s t i c s ,  schedu les ,  scope ,  o r  t a c t i c a l  u t i l i t y  o f  t h e  

LACROSSE system.  
2  5  

2 Supplemental  Development E f f o r t  (U) 

& With t h e  t r a n s f e r  of t e c h n i c a l  r e s p o n s i b i l i t y  f o r  t h e  LACROSSE 

weapon system t o  t h e  Mar t in  Company, C o r n e l l ' s  e f f o r t  was r e o r i e n t e d  

2 5 .  (U) Sacher Rept BE-745-T-149, I b i d . ,  pp. 219-21. 



c a p a b i l i t i e s .  Late i n  1957, Redstone gave Corne l l  a  s epa ra t e  con t r ac t  

(DA-30-115-ORD-908) f o r  t h i s  supplemental work, some of which had been 

s t a r t e d  under the bas i c  R&D c o n t r a c t  (ORD-47) . The bas ic :  condtac%':wa%'- 

l a t e r  terminated and the  unf in ished  p r o j e c t s  t r a n s f e r r e d  t o  the  new 

R&D c o n t r a c t .  
2 6  

iS( Most of the  supplemental development e f f o r t  was concerned wi th  

the  ex tens ion  of system performance c a p a b i l i t i e s  t o  meet the r ev i sed  

M C ' S  f o r  a  c lo se  and genera l  support  weapon system. The two items of 

prime importance here  were the  Hel icopter  Transpor tab le  System and the  

Airborne Control  System, both developed by Corne l l  i n  coord ina t ion  wi th  

the  Martin Company. Equally impor tan t ,  i f  no t  more s o ,  was development 

of t he  LACROSSE MOD I wi th  the  o b j e c t i v e  of improving system perform- 

ance i n  the  presence of e l e c t r o n i c  countermeasures (EQI) .  The l a t t e r  

e f f o r t  was conducted by FTL under subcon t r ac t  t o  Mar t in ,  Corne l l ' s  

r e s p o n s i b i l i t y  being l imi ted  t o  f e a s i b i l i t y  s t u d i e s  and t echn ica l  

monitor ing and advice on des ign  development. While the t o t a l  LACROSSE 

program embraced numerous o the r  s p e c i a l  s t u d i e s  and developments, time 

w i l l  only permit a  very b r i e f  coverage of t he  t h r e e  j u s t  mentioned. 

;$f LACROSSE MOD I (U) 

2 The LACROSSE MOD I was s e l e c t e d  f o r  development e a r l y  i n  1956 

t o  provide the  LACROSSE system wi th  an e l e c t r o n i c  counter  countermeasure 

(ECCM) c a p a b i l i t y .  The requirement f o r  i nco rpora t ion  of "ant i - jam 

devices' '  i n  the  guidance system had been e s t a b l i s h e d  i n  t he  very f i r s t  

26. (U) I b i d . ,  p. 228. 
(U) E f f o r t  under ORD-47 was extended t h r u  30 Sep 59 by Mod 33 

da ted  5 Aug 59, a t  which time t h e  cumulative c o n t r a c t  va lue  was $20.958 
m i l l i o n .  Af te r  f i n a l  se t t lement  had been made and the  c o n t r a c t  c losed  
o u t ,  t he  n e t  va lue  ( inc luding  Mods 1 t h r u  33) was $20,278,082. 

(U) A s  of 1 J u l  62, d e l i v e r y  under Cont ORD-908 had been com- 
p l e t ed  but  f i n a l  se t t lement  was y e t  t o  be made. A t  t h a t  time the  con- 
t r a c t  va lue  ( inc luding  Mods 1 t h r u  22) was $6,231,518. Ref: L i s t  of 
Act ive  and Closed Out Cont rac ts ,  1 J u l  62,  publ ished by the  AOMC 
I n d u s t r i a l  D i rec to ra t e .  
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* 
s e t  of t e n t a t i v e  M C ' s  i ssued by t h e  Marlne Corps i n  1947; however, i n  

t he  e a r l y  s t a g e s  of development t h e  s t a t e  of t he  a r t  was no t  s u f f i c i e n t l y  

advanced t o  provide t h i s  c a p a b i l i t y  and s t i l l  meet t h e  s t r i n g e n t  accuracy 

s p e c i f i c a t i o n s .  

'i /Id) I n  connect ion wi th  t he  ECM problem, Corne l l  considered the  

p o s s i b i l i t y  of using a l l - p u l s e  r ada r  techniques f o r  ranging and t r a c k i n g  

a s  e a r l y  a s  1953, but the  s t a t e  of technology a t  t h a t  time ind i ca t ed  

t h a t  the  s p e c i f i e d  accuracy requirements could on ly  be met by use of 

CW ranging.  The use of a l l - p u l s e  techniques fo r  ranging and t r ack ing  

was aga in  cons idered  i n  t he  f i r s t  ha l f  of CY 1955, dur ing  t h e  e a r l y  

p a r t  of t h e  Group A t e s t  program. A t  t h a t  t ime,  i t  was decided t h a t  

t h e  change from CW ranging t o  r ada r  ranging would r e s u l t  i n  one t o  two 

y e a r s '  de l ay  i n  providing an o p e r a t i o n a l  weapon. Consequently, Corne l l  

cont inued development of t he  LACROSSE I system using CW ranging and 

formulated p lans  f o r  a  p a r a l l e l  system improvement program. These 

p l ans  c a l l e d  f o r  a  s tudy of t h e  guidance system wi th  t h e  o b j e c t i v e  of  

making it a n  a l l - p u l s e  system i n  t h e  Ka band reg ion .  A s  an  a l t e r n a t e  

approach t o  t h e  ECM problem, t he  proposed p a r a l l e l  s tudy program would 

cons ider  t h e  i nco rpo ra t i on  of no i se  c o r r e l a t i o n  techniques  i n t o  the  

guidance equipment. 
2  7  

A review of the  IACROSSE R&D program a s  of 30 June 1955 i n d i -  

ca ted  t h a t  t he  contemplated FY 1956 budget would permit only pre l iminary  

f e a s i b i l i t y  s t u d i e s  a t  t he  very  b e s t ,  and t h a t  programs f o r  system 

improvement would have t o  be phased i n t o  the  p r o j e c t  w i t h  supplementary 

FY 1956 and subsequent year  funding. The e v a l u a t i o n  summary went on 

t o  say: " I f  any system modi f ica t ions  come abou t ,  i t  i s  not  foreseen  

. . . t h a t  t h e s e  changes w i l l  be incorporated i n t o  t h e  equipments i s sued  
I 

t o  t he  i n i t i a l  u se r  u n i t s .  CY 59 should s e e  some equipments which have 

been modified t o  some e x t e n t .  1128 

* (U) See Docment 1. 

27. (U) I b i d . ,  p.  213; and LACROSSE Blue Book, op. c i t . ,  p. 24. 

28. (U) Blue Book, I b i d .  , p. 37. 



127 

& I n  l a t e  1955, e d e r a l  Telecomrnunica- 

t i o n s  Laboratory conducted f e a s i b i l i t y  s t u d i e s  of advanced guidance 

systems us ing  t h e  proposed a l l - p u l s e  Ka band and c o r r e l a t i o n  techniques.  

These s t u d i e s ,  completed i n  February 1956, i nd i ca t ed  t h a t  t he  a l l - p u l s e  

Ka band system-designated the  MOD I-offered t h e  g r e a t e s t  ECCM capa- 

b i l i t y  w i t h  t h e  l e a s t  de l ay  i n  engineer ing  and product ion.  
2  9  

3 The Federa l  Telecommunications Laboratory began development of 

t h e  MOD I system under subcont rac t  t o  t h e  Mart in  Company i n  March 1956. 

The ,prac t ica l  a p p l i c a t i o n  of t h e  MOD I concept involved,  among o t h e r  

t h i n g s ,  a complete redes ign  of t h e  m i s s i l e  c e n t e r  s e c t i o n  and an 

ex t ens ive  redes ign  of forward guidance s t a t i o n  equipment. I n  March 

1958, FTL d e l i v e r e d  t h e  f i r s t  de s ign  of MOD I components ( c a l l e d  t h e  

S e r i e s  100 equipment).  Martin conducted c losed- loop  and ground- to-a i r  

t e s t s  on t h e  equipment through t e rmina t ion  of t h e  program i n  August. 

By t h i s  t ime ,  t h e  Martin Company had completed one s e t  of r e f i n e d  MOD I 

( S e r i e s  200) equipment.30 RhD funds spen t  on MOD I development through 

FY 1959 t o t a l e d  $11.403 m i l l i o n .  3 1  

Y & Airborne Control  System (ABC) (U) 

Y 
The i n i t i a l  concept f o r  a  c l o s e  suppor t  weapon of t he  LACROSSE 

type  c a l l e d  f o r  c o n t r o l  of t h e  m i s s i l e  by an  observer  i n  observa t ion  

type a i r c r a f t .  Targe ts  fo r  t h e  LACROSSE weapons system were gene ra l l y  

l im i t ed  t o  those  which could be observed o r  surveyed from f r i e n d l y  

t e r r i t o r y .  However, a r t i l l e r y  exper ience  demonstrated t h a t  many t a r g e t s  

no t  v i s i b l e  from t h e  ground could be spo t t ed  from t h e  a i r .  Therefore ,  

t o  i n s u r e  t h e  u t i l i t y  of t he  LACROSSE system, DA S t a f f  d i r e c t e d  t h e  

Chief of  Ordnance t o  i n v e s t i g a t e  p o s s i b l e  methods of m i s s i l e  a i rbo rne  

c o n t r o l  f o r  c l o s e  support  of land f o r c e s .  Corne l l  began a  formal s tudy 

of  t h e  o v e r - a l l  problem i n  January 1956. 

29. (U) I b i d .  , Supplement 1, pp. 8-9. 

30. (U) I n c l  t o  ARGMA L t r ,  15 J u l  60, op. c i t .  ; and AOMC "Br ie f ing  
Notes f o r  M r .  Holaday - 6-7 October 1958." 

31.  (U) I n c l  t o  ARGMA L t r ,  - I b i d .  
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Y L&$/ Based on t h e  r e s u l t s  of t h i s  s t u d y ,  C o r n e l l  concluded t h a t  a 

l i n e - o f - s i g h t  guidance mode was immediately f e a s i b l e ,  and t h a t  a n  

i n e r t i a l  n a v i g a t i o n  system might prove f e a s i b l e  w i t h  f u r t h e r  development.  

I n  October  1956, DA S t a f f  approved a  two-phase program, t h e  f i r s t  phase ~ 

t o  i n c l u d e  development o f  t h e  l i n e - o f - s i g h t  a i r b o r n e  guidance sys tem,  

and Phase I1 t h e  i n e r t i a l  n a v i g a t i o n  system.  

&f I n  Phase I C o r n e l l  p laced primary emphasis on p r o v i d i n g  t h e  

Army w i t h  a n  e a r l y  ABC system c a p a b i l i t y  ( f o r  demons t ra t ion  i n  1959) 

w i t h  h i g h  u t i l i t y  under most b a t t l e  f i e l d  s i t u a t i o n s .  T h i s  e f f o r t  con- 

t i n u e d  th roughout  FY 1957, somewhat hampered by l a c k  of funds .  Then, 

i n  t h e  middle  o f  FY 1958, C o r n e l l  r e c e i v e d  a u t h o r i t y  t o  deve lop  a  com- 

p l e t e  p r o t o t y p e  system of t h e  Phase I t y p e .  By t h e  end of October 1958, 

t h i s  e f f o r t  had been completed and one m i s s i l e  ( o u t  of e i g h t  o r i g i n a l l y  

scheduled)  s u c c e s s f u l l y  f l i g h t  t e s t e d  a t  White Sands.  A t  t h i s  p o i n t ,  

word came from Washington t h a t  no FY 1959 funds  would be a v a i l a b l e  f o r  

t h e  ABC program. Although t h e  program remained i n  a  s t and-by  s t a t e  

th roughout  FY 1959, funds  were provided f o r  f l i g h t  t e s t  o f  two a d d i -  

t i o n a l  m i s s i l e s  a t  t h e  r e q u e s t  o f  t h e  S i g n a l  Corps .  

C( 
&f The ABC program was t e rmina ted  f o r  l ack  of funds  i n  October 

1959. A t  t h i s  t ime ,  t h e  Phase I1 e f f o r t  had p rogressed  t o  t h e  p o i n t  

where major subsystems were w e l l  d e f i n e d  and s u b c o n t r a c t o r s  s e l e c t e d .  

R&D funds  o b l i g a t e d  under t h e  ABC program from FY 1956 through FY 1959 

t o t a l e d  $5.644 m i l l i o n .  
3  2  

Cz 
$i$ H e l i c o p t e r  T r a n s p o r t a b l e  System (U) 

& E a r l y  i n  1956, t h e  Marine Corps e s t a b l i s h e d  a  f i r m  requirement  

f o r  a  H e l i c o p t e r  T r a n s p o r t a b l e  System (HTS) and submi t t ed  i n t e r i m  MC's  

f o r  such  a  sys tem i n  mid-1956. The Army M C ' s  f o r  LACROSSE, a s  r e v i s e d  

i n  June 1957, inc luded  t h e  HTS r e q u i r e m e n t .  

2 Development of t h e  HTS began a t  C o r n e l l  Labora to ry  i n  1956. 

Before a l l  r e q u i r e d  components could  be a i r  t r a n s p o r t e d ,  two major 

32.  (U) I b i d . ;  and Sacher Rept BE-745-T-149, op.  c i t . ,  pp. 235-36. 
The A X  e f f o r t  was funded under C o r n e l l  c o n t r a c t s  ORD-47 and 908. 
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modi f i ca t i ons  of the  c u r r e n t  LACROSSE system were necessary .  The 

launcher  had t o  be t o t a l l y  redesigned t o  f a l l  w i t h i n  t h e  weight l i m i t ,  

and a  new method of both handl ing and loading t h e  m i s s i l e  was requi red  

t o  e l i m i n a t e  t he  2%-ton capac i ty  wrecking c rane  used f o r  t h i s  purpose. 

Aside from t h e  m i s s i l e ,  launcher ,  and m i s s i l e  handl ing equipment, t h e  

system cons i s t ed  of checkout u n i t s  and f i r i n g  pane l s ,  power s u p p l i e s ,  

forward guidance s t a t i o n s ,  and f i r e  d i r e c t i o n  c e n t e r s .  The design 

weight l i m i t  f o r  t he  heav ie s t  p iece  of equipment was s e t  a t  2,500 

pounds. 
3  3  

3 Design and development e f f o r t  cont inued throughout 1957, and 

Corne l l  d e l i v e r e d  one prototype launcher and handl ing d o l l y  i n  January 

1958. Subsequent f i r i n g  t e s t s  on t he se  i tems proved t h a t  t h e  system 

was o p e r a t i o n a l l y  acceptab le .  Design of a  t a c t i c a l  pre-product ion 

system was then begun e a r l y  i n  October 1958. This  equipment was de- 

l i v e r e d  i n  August 1959. Arc t i c  t e s t s  on t h e  system were s u c c e s s f u l l y  - 
conducted i n  January and February 1960. 

Because of  funding l i m i t a t i o n s ,  no Army requirements  f o r  pro- 

duc t ion  type  systems were e s t a b l i s h e d .  I t  should a l s o  be noted he re  

t h a t  t h e  HTS was developed t o  meet requirements  e s t a b l i s h e d  by t h e  

Marine Corps. A s  s t a t e d  e a r l i e r ,  t h e  Marine Corps pu l led  ou t  of t h e  

program when development of t h e  MOD I system was terminated i n  August 

1959. Development funds spent  on t h e  HTS from FY 1957 through FY 1960 

amounted t o  $2.732 m i l l i o n .  Marine Corps c o n t r i b u t i o n s  t o  t h e  LACROSSE 

program du r ing  F i s c a l  Years 1957, 1958, and 1959, t o t a l e d  $4.354 

m i l l i o n .  
34 

tl 
,&$ LACROSSE I T a c t i c a l  Weapon System-Task I V  (U) 

C( &6 The Task I V  phase of LACROSSE I development was t he  s o l e  

r e s p o n s i b i l i t y  of t h e  Martin Company. Having r e l i nqu i shed  engineer ing  

r e s p o n s i b i l i t y  f o r  t h e  Task I V  system i n  March 1958, Corne l l  withdrew 

33. (U) Sacher Rept,  I b i d . ,  p. 228. 

34 .  (U) I n c l  t o  ARGMA L t r ,  15 J u l  60,  op. c i t .  



i t s  r e p r e s e n t a t i v e s  from the  t e s t  s i t e  a t  White Sands and ceased t o  

p a r t i s i p a t e  i n  t he  f l i g h t  t e s t  program, except  f o r  those f i r i n g s  involv-  

i ng  e v a l u a t i o n  of  the  HTS launcher.  

c? 
This  f i n a l  t a c t i c a l  s t a g e  of LACROSSE development was a c t u a l l y  

a  con t inua t ion  of system t e s t i n g  begun w i t h  t h e  Task I1 and Task 111 

m i s s i l e s  i n  1957. The Task I V  system, however, r ep re sen t ed  the u l t ima te  

t a c t i c a l  con f igu ra t i on  which would have t o  pass  ex t ens ive  f i r i n g  and 

non- f i r i ng  eva lua t ion  t e s t s  p repara tory  t o  t roop  i s s u e .  The phys i ca l  

and o p e r a t i o n a l  c h a r a c t e r i s t i c s  of t he  m i s s i l e  system f i n a l l y  r e l e a s e d  

f o r  deployment a r e  depic ted  i n  F igures  27, 28, and 29. 3  5  

& LACROSSE Composite Tes t  Plan (U) 

(3) The primary purpose of the  i n t e g r a t e d  t e s t  concept adopted f o r  

t h e  LACROSSE was t o  provide an a c c e l e r a t e d  m i s s i l e  system t e s t  program 

which would r e s u l t  i n  an approved weapon system w i t h  a  minimum expendi- 

I t u r e  of t ime and funds.  The main theme of  t h e  p lan  cen te red  around Z t  
Y 

i n t e r p a r t i c i p a t i o n ,  mutual conf idence ,  and f r e e  exchange of  d a t a  among 

t h e  p a r t i c i p a t i n g  agenc ies .  Under t he  i n t e g r a t e d  t e s t  procedure,  one 
*i: 
;* 

I agency ( t h e  Mart in  Company, WSMR, o r  t h e  A r t i l l e r y  Board) was des  ignatea"\ 
9. 

li a s  t he  p r i n c i p a l  t e s t  agency f o r  each f i r i n g  and de lega ted  responsibi-,  *.. 
l i t y  f o r  conducting t h a t  f i r i n g .  Other agenc i e s  were i n v i t e d  t o  monitbr 

t h e  t e s t ,  and t o  spec i fy  secondary o b j e c t i v e s  a s  long a s  t h e  primary 

o b j e c t i v e  was not  compromised. A t  t he  beginning of  each q u a r t e r ,  ARGMA 

g e n e r a l l y  scheduled a  meeting of t h e  f i r i n g  t e s t  subcommittee t o  analyze 

p a s t  t e s t s  and r e so lve  d e t a i l s  f o r  t he  next  q u a r t e r .  
3  6 

(U) The scope c f  t he  composite t e s t  program, a s  r ev i sed  i n  A p r i l  

1960, i s  r e f l e c t e d  i n  Figure 30. I t  was designed t o  provide a  thorough 

e v a l u a t i o n  of the t echn ica l  adequacy of  t h e  system, inc luding  accuracy 

and o v e r - a l l  e f f e c t i v e n e s s ,  and t o  determine maintenance s u i t a b i l i t y ,  

35.  (U) For a  d e t a i l e d  d e s c r i p t i o n  and d i s c u s s i o n  of t he  o p e r a t i o n a l  
LACROSSE Weapon System, s e e  Martin Rept OR 1312, "LACROSSE System 
Desc r ip t i on , "  Jan  61, RSIC. 

36. (..7) LACROSSE Composite Tes t  P l an ,  AOMC TP-1, r e v i s e d  1 Apr 60, 
pp. 1-2.  
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performance deterioration under field conditions, and maintenance 

requirements for test equipment. Other objectives of the program were 

to determine performance of the production engineered missile with 

respect to system requirements, and to establish whether any failures 

were attributed to shortcomings in the industrial inspection or quality 

control ~ro~rarns. 3 7 

Task IV Firings (U) 

,% Task IV evaluation firings started at White Sands Missile 
Range on 19 March 1958. As of 9 April 1960, 181 of the scheduled 

missile firings had been conducted by agencies indicated below. 38 

Agency Nr. Missiles Test Period 

Mart in Co . (R&D) 5 9 19 Mar 58 to 11 Sep 59 

Art i 1 lery Board 44 23 Mar 58 to 2 Feb 60 
* 

STD -OM 55 2 Sep 58 to 25 Mar 60 

Army 2 3 - 29 ,Jan 60 to 9 Apr 60 

18 1 

The fact that Martin had not been able to maintain functional 

reliability of missile components in performing redesign became evident . .  
very,early in the evaluation program. Of the first 13 Task IV missiles 

fired through July 1958 (12 by Martin; 1 by the Artillery Board), eight 

were unsuccessful because of various component failures. 39 In addition, 

what appeared to be serious deficiencies had shown up in the non-firing 

cold weather tests conducted at Eglin Air Force Base. 
40 

* (U) System Test Division of the Ordnance Mission (WSMR). 

37. (U) Ibid. 

38. (U) Martin Rept OR 1294, "LACROSSE TASK IV Flight Test Program," 
22 Nov 60, pp. 66 ff, RSIC, 

39. (U) Ibid. 

40. (U) AOMC TP-1, op. cit., pp. 61-62 



,&f These r e p o r t e d  d e f i c i e n c i e s  were t h e  s u b j e c t  o f  a  meet ing h e l d  
* 

a t  t h e  Pentagon on 30 J u l y  1958. The r e s u l t s  o f  t h i s  meet ing r e v e a l e d  

g e n e r a l  problem a r e a s  i n  e n g i n e e r i n g ,  q u a l i t y  c o n t r o l ,  and maintenance,  

a s  w e l l  a s  a  l ack  o f  s a t i s f a c t o r y  communication channe l s  among Ordnance 

a g e n c i e s  and t h e  u s e r .  Based on a  review of  known t e c h n i c a l  problems, 

Ordnance could  s e e  no reason  f o r  d e l a y  i n  supp ly  o f  equipment t o  t r o o p s  

( t h e  LACROSSE I Ordnance Readiness  Date a t  t h a t  t ime being A p r i l  1959) .  

It was concluded t h a t  d e f i c i e n c i e s  occ-xring i n  m i s s i l e  f i r i n g  t e s t s  

could  be c o r r e c t e d  and f i x e s  a p p l i e d  t o  i n i t i a l  equipment f o r  t r o o p  u s e ,  

and t h a t  d e f i c i e n c i e s  r e v e a l e d  i n  c o l d  wea ther  t e s t s  were n o t  s e r i o u s  

enough t o  d e l a y  t h e  t e s t s  t h e n  scheduled a t  F o r t  C h u r c h i l l  d u r i n g  t h e  

w i n t e r  of 1958-59. 
4  1 

By 27 November 1958, a  t o t a l  of 38  TASK I V  m i s s i l e s  had been * 
f l i g h t  t e s t e d  w i t h  a  d i s a p p o i n t i n g  s c o r e  of 21,  o r  55.3% u n s u c c e s s f u l .  

Of t h e s e  21  f a i l u r e s ,  19 were a b o r t s  r e s u l t i n g  from such  c o n d i t i o n s  a s  

n o i s e  and r a d i o  i n t e r f e r e n c e ,  DME r a n g i n g  e r r o r s ,  and m a l f u n c t i o n s  i n  
4  2  

t h e  t r a n s p o n d e r ,  beacon, and b a t t e r y .  A s  a  r e s u l t  o f  f i r i n g  d i f f i -  

c u l t i e s  be ing  exper ienced  by t h e  A r t i l l e r y  Board, t h e  Commanding Genera l  

of CONARC recommended t h a t  f u r t h e r  t e s t i n g  o f  t h e  LACROSSE sys tem be 

suspended and t h a t  p lans  f o r  c o l d  weather  t e s t s  a t  F o r t  Churchi1,l  be 

de layed  u n t i l  t h e  w i n t e r  of 1959-60. The r e a s o n s  g i v e n  f o r  t h e  recom- 

mendation r e f l e c t  t h e  u n s a t i s f a c t o r y  s t a t e  o f  t h e  o v e r - a l l  program a t  

t h i s  p o i n t :  

1. & Low r e l i a b i l i t y  o f  LACROSSE system.  Of t h e  13 m i s s i l e s  
f i r e d ,  8  were u n s u c c e s s f u l .  Delays i n  f i r i n g  o f  from 30 minutes  t o  
4  h o u r s  were encountered i n  mcst t e s t s .  

* (U) At tended by r e p r s s e n t a t i v e s  of OCO, CONARC, Deputy Chief of S t a f f  
f o r  L o g i s t i c s  (DCSLOG) , Deputy Chief o f  S t a f f  f o r  Opera t ions  (DCSOPS) , 
a ~ d  O f f i c e ,  Chief of R&D (OCRD). 

g ~ k  (U) 17 by M a r t i n ,  8  by STD-OM crews,  and 13 by t h e  A r t i l l e r y  Board- 
t h e s e  i x  lud ing  t h e  f i r s t  13 f i r i n g s  mentioned above.  

41.  (E) L.tr, Col 3. J. Leon Hi r shorn ,  OCO, t o  A R W  Comdr, 8  Feb 
60,  s a b j  "LACROSSE Case Study,"  and i n c l  t h e r e t o ,  same s u b j .  (The 
l a t t e r  document h e r e i n a f t e r  r e f e r r e d  t o  a s  LACROSSE Case Study.)  

L2. (3) M a r t i n  Rept OR 1294, c p .  c i t .  
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2. & Development agencies  d i d  no t  have immediate s o l u t i o n s  t o  
t h e  i n - f l i g h t  problems encountered i n  t h e  u se r  t e s t s .  

3 .  & Continued modi f ica t ions  t o  t h e  m i s s i l e ,  guidance s t a t i o n ,  
m i s s i l e  au tomat ic  checker prevented t e s t i n g  of a t r u l y  t a c t i c a l  i tem 
ready f o r  t roop  i s s u e .  

4. & More and more r e s t r i c t i o n s  were being placed on t h e  Board's 
f i r i n g  parameters by t h e  developing agenc ies  i n  an at tempt  t o  overcome 
system p e c u l i a r i t i e s .  

5. Only a few of  t h e  necessary  non - f i r i ng  t e s t s  have been made 
by the  Board bekause t h e  Ordnance pos t  f i r i n g  examination and pre-f  i r i n g  
checkout keeps equipment away from Board personnel  f o r  days a t  a t ime. 

6. & Complicated procedures involv ing  t h e  use of  an a i r c r a f t  a r e  
being taken t o  check t h e  m i s s i l e  and guidance equipment before  t h e  u se r  
f i r i n g s  . 

7.  3 A reasonably high s t anda rd  of  system performance t o  be used 
i n  ana lyz ing  co ld  weather t e s t  r e s u l t s  have not  been achieved. 43 

(& Operat ion P i ck l e  Ba r r e l .  I n  view of  t h e  above circumstances,  

LACROSSE f i r i n g s  and product ion were suspended e f f e c t i v e  28 November 

1958. From t h i s  d a t e  through 12 December 1958, Mart in  and ARGMA con- 

ducted a s p e c i a l  f i r i n g  program (known a s  Opera t ion  P i ck l e  Bar re l )  t o  

determine and e s t a b l i s h  f i x e s  f o r  e x i s t i n g  d e f i c i e n c i e s .  I n  a d d i t i o n ,  

ARGMA undertook an i n t e n s i v e  q u a l i t y  assessment  program beginning a t  

t h e  c o n t r a c t o r ' s  p l an t  and c a r r y i n g  through t o  t h e  f i r i n g  s i t e .  I n  
- 

t h i s  e x e r c i s e ,  q u a l i t y  c o n t r o l  d e f i c i e n c i e s  du r ing  manufacture were 

noted and c o r r e c t e d .  Twelve m i s s i l e s  were f i r e d  under t h i s  s p e c i a l  

program (10 by Mart in  and 2 by t h e  A r t i l l e r y  Board). Many t e c h n i c a l  

problems were discovered i n  t h e  o p e r a t i o n ,  some of  them having long , 

h i s t o r i e s  and o t h e r s  appearing f o r  t h e  f i r s t  t ime. Four ou t  of  t h e  12 

m i s s i l e  f i r i n g s  were marred by i n - f l i g h t  mal func t ions .  Transponder 

f a i l u r e  caused two m i s s i l e s  t o  a b o r t ;  yaw loop malfunct ion caused one 

t o  a b o r t ;  and one m i s s i l e  l o s t  c o n t r o l  a f t e r  a beacon f a i l u r e .  The 
I 

remaining e i g h t  m i s s i l e s  were s u c c e s s f u l l y  d e l i v e r e d  t o  t h e  t a r g e t  

w i t h  d e s i r e d  impact accuracy.  
44 

43. (U) Quoted from LACROSSE Case Study,  op. c i t . ,  pp. 9-10. 

44. (U) Mar t in  Rept OR 1294, op.  c i t . ,  pp. 56-57. 
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CI U wcu- J. *Q 

f&f During the first half of ~ a z u a r ~  19i9, the Martin Company 

completed its analysis of the above firings and presented the results 

and recommended corrective actions to a joint meeting of ARGMA, WSMR, 

Artillery Board, Ordnance Guided Missile School (OGMS), and Cornell 

representatives. 3ecause of the interrzption of LACROSSE production 

and firing programs, and the time required to install corrections to 

equipment in the field, it was impossible for Ordnance to meet the 

April 1959 readiness date. The number of R&D warhead testa and Ordnance 

engineering tests which could be c2nducted prior to April 1959 would be 

insufficient to permit an adequate system evalaation. Moreover, the 

first set of 3rd Echel~n prod~ction test eqaipment would nct be avail- 

able until 30 June 1959, and W M S  could not adequately train direct 

support detachments until that date becauss of the shortage of Type LV 

Test Equipment. Consequently, the LACROSSE program schedule was 

reoriented on 19 January 1959 and the Ordnan-e Readiness Date extended 

tc 1 h l y  1959. 45 

4 
& Mart in completed the installation of appropriate equipment 

fixes and resumed RQrD firings under the cnmposite test program on 27 

February 1959. This was followed by resumption of LACROSSE production 

and Ordnance evaluation tests early in March 1959. To assure delivery 

of a complete tactical system by 1 July 1959, ARGMA dispatched a task 

force to Martin's Orlando plant, in March, to monitor the contractor's 

effort in the areas of engineering, quality assxaxe, field service 

documentation, and hardware deliveries. 1- addition, an ARGMA team 

performed a thorough e ~ a ~ ~ a t i o n  of Martin's qaality control program, 

and assisted in the establishment of improved management controls within , 
the contractor's c~mplex. A new irspe~tion manager was added to 

Martin" Q~uality Divisiaa, and a Weapan System Test Department was 

created tcd pcrform acceptaxe impectiol of major end items. 
46 

45. (V) LACROSSE Case Eistory, op. cit., p. 10; and "LACROSSE 
Missile System Mmthly Pr~gress Reportp'' ARCLMA, Jan 59, p. 1. 

46. (5') LACROSSE Progress Rept, Mar 59, p. 1. 
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UNC~-';*. & A s  a  r e s u l t  of t he  foregoing a c t i o n s ,  Task I V  equipment began 

t o  show a  g r e a t  improvement both i n  r e l i a b i l i t y  and accuracy.  Out of 

41  e v a l u a t i o n  f i r i n g s  conducted between 27 February and 26 June 1959 

(19 R&D; 22 STD-OM), a l l  t e s t  o b j e c t i v e s  were achieved i n  2 8 ,  inc lud ing  

t h r e e  s u c c e s s f u l  T52 warhead t e s t s .  The A r t i l l e r y  Board then resumed 

i t s  eva lua t ion  program on June 26th and conducted s i x  f l i g h t  t e s t s  

through June 29th.  A l l  of t he se  m i s s i l e s  were succes s fu l ly  guided t o  

t he  t a r g e t  a r e a ,  w i th  CPE accuracy ranging from 0 . 9  t o  2 . 1  meters .  
47 

& LACROSSE equipment f o r  t h e  f i r s t  reduced-s t rength  A r t i l l e r y  

b a t t a l i o n  and i t s  Ordnance Support Detachment was d e l i v e r e d  t o  For t  

S i l l ,  Oklahoma, on 1 Ju ly  1959. 48 The Ordnance Readiness Date thus had 

been achieved,  but  many f i e l d  suppor t  problems were y e t  t o  be solved.  

Y 
Upon completion of t h e  R&D p o r t i o n  of t he  Task I V  eva lua t ion  

program i n  September 1959, ARGMA had most of Mar t in ' s  f i r i n g  t e s t  crew 

withdrawn from WSMR, leaving t e n  personnel  t o  f u r n i s h  t echn ica l  a s s i s t -  

ance and p l a n t  backup a s  r equ i r ed  f o r  components and p a r t s .  49 While 

t h e  r e s u l t s  of subsequent u se r  and Ordnance engineer ing  t e s t s  showed a  

d r a s t i c  improvement over e a r l i e r  f i r i n g s  i n  1958, t he  system r e l i a b i l i t y  

index cont inued t o  f l u c t u a t e  from poor t o  f a i r  and never f u l l y  met user  

requi rements .  
50 

& LACROSSE Product ion Summary (U) 

't 
W T h e  t a c t i c a l  equipment d e l i v e r e d  on 1 J u l y  1959 f o r  a c t i v a t i o n  

4. --A ..-L 

of t h e  f i r s t  LACROSSE b a t t a l i o n  a t  F o r t  S i l l  was made up of t he  fol low- 

ing  i tems:  

47. (U) Mart in  Rept OR 1294, op. c i t .  

48. (U) LACROSSE Case H i s to ry ,  op. c i t . ,  p. 10 

49. (U) AOMC TP-1, op. c i t . ,  p. 2. 

50. (U) Resu l t s  of t h e  181 Task I V  f i r i n g s  conducted under t he  
Composite T e s t  Program between Mar 58 and Apr 60 a r e  presented i n  
Appeng&&-ument 15. 



f l  2 Launchers 4  M i s s i l e  Automatic Crackers  
5 Genera to r  T r a i l e r s  & Assoc ia ted  Equipment 
5 Vans (Type I V  T e s t  Eq;:ipment) 2 Primary Power U n i t s  
2 314-ton T r a i l e r  Truckc 2 T a r g e t  Survey U n i t s  
4  Jeeps  2 Forward Guidance S t a t i o n s  

A l l  of  t h i s  eqzlipment was cons idered  " t a c t i c a l "  w i t h  e x c e p t i m  of t h e  

Primary Power Uni t  (PPU), which ARGMA personne l  d e s c r i b e d  a s  an  u n r e l i -  

a b l e  " s o f t  eng ineered  i t em.  l l5 '  Among t h e  i r r e g u l a r i t i e s  noted i n  t h e  

u n i t  were cracked f rames,  poor i g c i t i o n ,  and poor v o l t a g e  and f requency 

c o n t r o l .  TO e l i m i n a t e  t h e s e  deficiencies and make t h e  u n i t  more f i e l d -  

worthy,  e x t e n s i v e  l a s t - m i n u t e  chacges were n e c e s s a r y ,  i c c l u d i n g  complete 

change of t h e  i g n i t i o n  system t o  a n  a i r c r a f t  t y p e ,  m o d i f i c a t i o n  of t h e  

eng ine  frame t o  p rov ide  more s t r e n g t h ,  and v a r i o u s  o t h e r  changes t o  

improve r e l i a b i l i t y  and reduce breakage and v i b r a t i o n .  5  2 

(U) Subsequent d e l i v e r i e s  of LACROSSE m i s s i l e s  and equipment were 

main ta ined  on o r  ahead of planned monthly s c h e d u l e s .  The s t a t u s  o f  

LACROSSE produc t ion  acd o t h e r  phases  of t h e  program through 3 1  March 

1961 i s  d e p i c t e d  i n  F igure  31 .  

5 1. (5) T I ,  (."- AOMC t~ COFORD, JLda 59 .  

5 2 .  ( t i )  LACROSSE Prcgress  Repr,  A2g 59,  pp. 5-6 .  
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V. (U) THE LACROSSE TRAINING PROGRAM 

(U) Development of t h e  Program 

(U) The r e s p o n s i b i l i t y  f o r  t h e  LACROSSE t r a i n i n g  program, l i k e  a l l  

o t h e r  new items of equipment, was included i n  t h e  o v e r - a l l  mission of 

The Ordnance Tra in ing  Command. Es t ab l i shed  i n  October 1950, The Ordnance 

Tra in ing  Command was charged wi th  t h e  miss ion of render ing  d i r e c t  ion,  

guidance, and s u r v e i l l a n c e  necessary t o  accomplish t h e  Ordnance t r a i n i n g  

mission.  Ordnance Corps Order 30-53, da t ed  27 August 1953, f u r t h e r  

ass igned  Redstone Arsenal t h e  r e s p o n s i b i l i t y  of i n su r ing  t h e  i n i t i a l  

t r a n s f e r  of knowledge from t h e  developer  t o  t h e  app ropr i a t e  m i l i t a r y  

us ing  agency f o r  a l l  items f o r  which it had commodity management 

r e s p o n s i b i l i t y .  

(U) Ear ly  planning f o r  LACROSSE t r a i n i n g  cen te red  around, and was 

dependent upon t h e  Ordnance Readiness Date.  From t h i s  d a t e ,  personnel  

of t h e  RSA National  Mission Technical  T ra in ing  Branch worked backward, 

a l l o c a t i n g  t ime t o  each of t h e  d i f f e r e n t  phases o u t l i n e d  i n  t h e  genera l  

t r a i n i n g  concept .  It was t h e i r  r e s p o n s i b i l i t y  t o  provide t r a i n e d  

personnel  t o  ope ra t e  and maintain t h e  new equipment i n  accordance wi th  

planned deployment. 

(U) LACROSSE t r a i n i n g  was d iv ided  i n  two s p e c i f i c  phases: New 

Equipment T ra in ing  and Resident  Tra in ing .  The purpose of new equipment 

t r a i n i n g  was t o  provide a s t a f f  of t r a i n e d  i n s t r u c t o r s  f o r  t echn ica l  and 

use r  s e r v i c e  schools  and t o  t r a i n  key maintenance personnel  r e q u i r i n g  an 

e a r l y  knowledge of t h e  weapon system. The Resident  T ra in ing  Phase had a 

two-fold objec t ive :  1) t o  t r a i n  s e l e c t e d  q i l i t a r y  personnel  i n  Ordnance 
'f.1 

s e r v i c e  schools  i n  M i l i t a r y  Occupational S p e c i a l t i e s  (MOS Is)  a s  requi red  

t o  a c t i v a t e  u n i t s  t o  support  and main ta in  LACROSSE m i s s i l e  systems i n  t he  

f i e l d ;  and 2) t o  t r a i n  m i l i t a r y  personnel  i n  u se r  s e r v i c e  schools  a s  r e -  

qu i red  f o r  f i r i n g  u n i t s  t o  ope ra t e  and perform o rgan iza t iona l  maintenance 

on systems i n  t h e  f i e l d .  

(U) A s  t h e  producer and co-developer of t h e  LACROSSE weapon system, 

t h e  Mart in  Company was expected t o  t r a i n  key personnel  i n  t he  opera t ion  

and maintenance of t h e  system. The Mart in  Company submitted i t s  t r a i n i n g  



Figure  32 .  Martin Company i n s t r u c t o r s  J e s s  Sweetser,  Jr.  (foreground),  
Bob Burrow ( a t  j eep) ,  and G i l  Baten (background) a r e  shown demonstrating 
ope ra t ion  of LACROSSE equipment a t  Redstone Arsena l ' s  T ra in ing  School. 
(RSA Photo, J u l y  1957) 

F igure  33 .  LACROSSE t r a i n i n g  se s s ion  a t  t h e  Ordnance Guided M i s s i l e  
School.  (QSMS Photo, Apr i l  1958) 



proposa l  and c o s t  e s t ima te  t o  Ordnance i n  September 1955. The P h i l a d e l -  

ph ia  Ordnance D i s t r i c t  awarded Mar t in  two t r a i n i n g  c o n t r a c t s  e a r l y  i n  

CY 1956. Cont rac t  2216 provided f o r  p r epa ra t i on  of 150 S t a f f  Or i en t a t i on  

Manuals, 100 Guidance Manuals, 75 Mechanical Manuals, and 225 Opera tors '  

Manuals. Under Cont rac t  2244, Mart in  was t o  provide  Ordnance wi th  4072 
* 

hours of c lassroom i n s t r u c t i o n .  Mart in  ass igned  t e n  q u a l i f i e d  i n s t r u c -  

t o r s  t o  Redstone Arsenal  i n  October 1956. 1 

(U) New Equipment T ra in ing  Courses 

(U) The i n i t i a l  t r a n s f e r  of knowledge of t h e  LACROSSE system from 

t h e  developer  t o  key c i v i l i a n  and m i l i t a r y  personnel  was accomplished i n  

New Equipment T ra in ing  Courses conducted a t  RSA by Mar t in  i n s t r u c t o r s .  

The courses  began a t  t h e  RSA New Equipment T r a i n i n g  Center  on 24 October 

1956 and ended i n  November 1957. The courses  t augh t  and t h e  number and 

source  of personnel  completing each course  a r e  shown i n  Table  3. 
2 

Table  3 
NEW EQUIPMENT TRAINING COURSES 

Course Titles/Number of S tudents  
Organiza t ion  Electro-Mech Guidance Operators  T o t a l  

F o r t  S i l l  ............ 5 3 17 2 5 

F o r t  Bliss. . . . . . . . . . .  2 3 10 15 

WSMR..... ............ 10 18 2 1 49 

E r i e  Ordnance Depot. . 1 1 0 2 

Aberdeen Proving Grd. 0 1 0 1 

Benic ia  Arsenal . .  .... 1 2 0 3 

Pueblo Ord Depot ..... 1 3 0 4 

OGMS................. 10 17 1 2 8 

Redstone Arsena l . . .  .. - 6 - 7 - 3 - 16 

TOTAL............ .... 3 6 5 5 5 2 143 

Three-day S t a f f  Or i en t a t i on  Course - 134. 

* (U) See l i s t  of Mart in  c o n t r a c t s  i n  Document 26. 

1. (U) LACROSSE Blue Book, op. c i t . ,  pp. 73-74, and Supplement 1 
t h e r e t o ,  pp. 31-32. Also s e e  LACROSSE M i s s i l e  System Plan ,  ARGMA MSP-3, 
31 Mar 60, p. G - 1 .  

2. (U) ARGMA MSP-3, Ib id . ,  pp. G-2 and G-3. 



(?) Res tdeqt  T r s i c i - 2  f rogrzn 

(U) T r l i n i n g  of i zd iv idua l s  and m i t s  ~ e q u i r e d  f o r  Ordnance support  

of LACROSSE w a s  accomplished throz-gh r e s i d e . 7 ~  t r a i n i n g  aL t h e  Ordnance 

Guided N i s s i l e  School,  Redstone Arsena l ,  A f a h m e .  l n d i v i d u z l s  and u n i t s  

r equ i r ed  t o  support  LACROSSE f i r i n g  u ~ i z s  2 ~ 4 2  b a t t a l i o c s  were t r a i n e d  i n  

r e s i d e n t  courses  a t  t h ~  A r t i l l e r y  arii Gu!-ded M i s s i l e  S c k ~ o l ,  F o r t  S i l l ,  

Oklahoxa. LACROSSE t r a i n i n g  began a t  @)(;YS on 3 F L ? - ~ c ~  I953 and a t  F o r t  

S i l l  on 18 June  1959. Bath  oE these t r a i n k g  p;ogrsm were cont inued a s  

long e s  a r e q u i r e n e ~ t t  e x i s t e d .  Table 4 s?ows a brcaidoun of cou r se s ,  

wit!? corresponding YOS ~:::~iiLe~s, l e ~ . g t b ,  em-! r-cabe: of s:ud.;zts pe r  course .  
I 

Teble 4 
RESIDENT TRAT&IKG COURSES 

Ordnacce Covrses (0(;YS) NOS - kers t f i  Nr. Students  
I 

Sllpervisor ........................... 4.815 29 we,?ks 36 
m ,  I n t e r ~ a l  Guidance.................... - j47 19 wt:f-ks 119 

E x t e ~ n a l  Gaidan~e............*.~~~... 248 18 weeks 18 2 

Electro-Mechanical.  .................. 434 9 weeks 122 
User Coq.xses ( F o r t  S i l l )  

LLCXGSSE O f f i c e r ' s  C o z s e  ............ a - 4 wecks 2 0 

LACROSSE F i r i n g  Ba t t e ry  Coct ro l . . . . . .  166.6 4 weeks 20 

LACROSSE F i r e  Cont ro l  B?ara t ions . . , . .  947.6 5 weeks 12 

(el) T 5 e  t h r e e  c s e r  cwrses a t  Fo:t S i l l  were s o r - d x t e d  concu r r en t ly .  

The F i r s t  F i e l d  A r t i l l e q  El i ss i le  Brigade c o r , d ~ c t ~ ? d  a d v a ~ c e d  ind iv idua l  

t r a i n i n g  foz  f i l l e r  pc r so rne l  t o  be assignd to LACROSSE b a t t a l i o n s .  



V I .  Id) LACROSSE DEPLOYMENT AND FIELD SUPPORT (U) 

(U) I n t r o d u c t i o n  

(U) A s  noted e a r l i e r  i n  t h i s  s tudy ,  t h e  1 J u l y  1959 r ead ines s  d a t e  

f o r  Ordnance suppor t  of t h e  LACROSSE system was achieved.  Equipment 

d e l i v e r i e s  and a c t i v a t i o n  of A r t i l l e r y  b a t t a l i o n s  and Ordnance support  

detachments were keyed t o  t h a t  da t e .  Unit  deployments, based on equip- 

ment d e l i v e r i e s  and a c t i v a t i o n s  s i n c e  t h e  r ead ines s  d a t e ,  a r e  shown i n  

Table  5. 

(U) P r i o r  t o  mid-1955, p a r t i c i p a t i o n  of t h e  RSA F i e l d  Se rv i ce  

D iv i s ion  i n  t h e  LACROSSE program c o n s i s t e d  mainly of p lanning  f u t u r e  

a c t i v i t i e s ,  t r a i n i n g  of personnel ,  fo rmula t ing  documentation and r e p a i r  

p a r t s  requirements ,  and keeping informed on system development progress .  

To f u l f i l l  Ordnance requirements  f o r  p a r t i c i p a t i o n  i n  t h e  des ign  and 

development of m a t e r i e l ,  t h e  F i e l d  S e r v i c e  D iv i s ion  ass igned  a P r o j e c t  

Engineer t o  LACROSSE i n  May 1955. F i e l d  S e r v i c e  p a r t i c i p a t i o n  became 

much more a c t i v e  i n  June  1955, when t h e  i n d u s t r i a l  c o n t r a c t  was s igned 

wi th  t h e  Mart in  Company. 
1 

Itd, F i e l d  Support Problems (U) 

(U) Throughout t h e  f i r s t  18 months a f t e r  i n i t i a l  d e l i v e r y  of 

t a c t i c a l  LACROSSE equipment t o  t h e  u s e r ,  t h e  a b i l i t y  of Ordnance t o  

provide  f u l l  and e f f e c t i v e  f i e l d  suppor t  was s e v e r e l y  impaired by hard- 

ware and documentation d e f i c i e n c i e s .  These suppor t  problems stemmed 

l a r g e l y  from t h e  d e c i s i o n  t o  p r e s s  t h e  weapon system i n t o  f i e l d  use 

be fo re  a l l  t h e  "bugs" had been worked o u t .  I n  a te lescoped  program 

such a s  t h i s ,  some t e c h n i c a l  d e f i c i e n c i e s  could be  expected; however, 

t h e  n a t u r e  of d e f i c i e n c i e s  s t i l l  e x i s t i n g  i n  LACROSSE equipment a t  t h e  

t i m e  of  deployment f a r  exceeded t h e  normal "Product Improvement" t ype  

e f f o r t "  Some of t h e  more s e r i o u s  d e f i c i e n c i e s  had been d i s c l o s e d  i n  

t h e  f l i g h t  test  program t h e  year  before ,  but  t h e  l a c k  of adequate  and 

t imely  funding guidance prevented a s a t i s f a c t o r y  l e v e l  of c o r r e c t i v e  

a c t i o n .  Th i s  problem was not  n e c e s s a r i l y  conf ined  t o  t h e  LACROSSE 

1. (U) LACROSSE Blue Book, op. c i t . ,  p. 67. 



ARTILLERY UNIT 

5 t h  Bn, 41a t  Ar ty  

5 th  Bn, 42nd Ar ty  

4 t h  Bn, 28Lh Ar ty  

6 t h  BE,  8 t h  Ar ty  

5L5  Bn, L('th Ar ty  

5 t h  Bn, 3 4 t h  Ar ty  

5 th  Bn, 33rd Ar ty  

2nd Bn, 22nd Ar ty  

AADREV IA'f I@XS : 

Arty  - Azt i l l e r y  
Bn - BatLakion 

TABLE 5 
LACROSSE UNIT DEPLOYPENT (U) 

DEPLC 
DATE 

Dec 1959 

Mas 1960 

Apr 1960 

Apr 1960 

Aug 1960 

Sep 1960 

Oct 1360 

Nov 1960 

MENT 
AREA 

CONUS 

Europe 

Eurape 

Korea 

Europe 

STRAG, 

Europe 

Eu-rope 

E w q e  

CBNUS 

CONUS - Con t inen t a l  Uni ted  S t a t e s  
GS - General Support  
STRAC - S t r a t e g i c  Army Corps 

SUPPORTING 
ORDNANCE UNIT 

1 7 t h  

18 th  

169th  

177th  

7tih ( G S )  

57 2nd 

178th  

16?rd 

165th  

167th  

DEPLOYMENT DATE 

March 1960 

A p r i l  1960 

A p r i l  1960 

A p r i l  1960 

July 1960 

Bccober 1360 

November 1960 

September 1960 

SOURCE: 
LACROSSE Weapons Systcm Eva lua t i on  
Report ,  ARGMA, A p r i l  1960. 



system, but  prevai led  throughout , the Ordnance guided m i s s i l e  program. 

Indeed, a s  l a t e  a s  December 1958, the  Chief of Ordnance had t o l d  DCSLOG: 

(U) I have continued t o  s t r e s s  te lescoping of development 
and procurement t o  reduce t h e  time requi red  from conception t o  
a v a i l a b i l i t y  of an item. The broad r u l e s  which a r e  in  e f f e c t  
today a r e  workable and t h e  des i red  te lescoping can be accom- 
pl i shed wi th in  them. Funding and program decis ions  can, and 
have, caused delays i n  the  p a s t ,  and my e f f o r t s  a r e  d i rec ted  
t o  making these  delays, and t h e  individuals  who cause them, 
conspicuous. However, I should l i k e  t o  emphasize t h a t  we pay 
a p r i c e  f o r  crash  programs, both i n  d o l l a r s  and i n  i n i t i a l  
excel lence of product, and speed and ease  of t r a in ing .  I do 
not suggest t h a t  we bemoan these  f a c t s .  I do suggest t h a t  we 
make ever3 e f f o r t  t o  educate a l l  echelons t o  recognize them 
a s  f a c t s .  

(U) The 68 DA Technical Manuals (TM's) and 26 Supply Manuals (SM's) 

requi red  f o r  i n i t i a l  support had been p r in ted  and d i s t r i b u t e d  a t  t h e  end 

of September 1959. F i e l d  Service  then began the  t a s k  of r ev i s ing  these  

publ ica t ions  t o  keep them cur ren t  with equipment changes. For example, 

n ine  "quick changes" t o  TM' s, r e s u l t i n g  from t e s t  equipment modif ica-  

t i o n s ,  were forwarded f o r  p r i n t i n g  i n  November 1959, and t en  o ther  

changes were i n  process . 3  A continuing e f f o r t  of up-dating Supply and 

Technical Manuals would be requi red  through t h e  l i f e  of the  system. 

& Repair p a r t s  d e l i v e r i e s  moved much slower. Delays i n  t h i s  a rea  

continued t o  present  major support problems f o r  well  over a year a f t e r  

u n i t  deployments, p a r t l y  because of t h e  steady stream of ECO' s  t h a t  had 

t o  be cranked i n t o  the  system. To c i t e  a t y p i c a l  example of the  r e s u l t -  

ing problem, the  LACROSSE b a t t a l i o n  which had been shipped t o  Korea i n  

Apr i l  1960 s t i l l  lacked 1874 l i n e  items t o  complete i t s  bas ic  load as  of 

5 November 1960. Reported t h e  Ordnance Of f i ce r  a t  t h a t  s i t e :  "So f a r  

with two miss i l e  systems i n  Korea, . . . and Lacrosse, we a r e  b a t t i n g  

absolute ly  zero." I n  addi t ion  t o  t h e  shor tage  of l i n e  items mentioned 

above, he noted: "The Lacrosse launchers a r e  deadlined f o r  a Signal  

2. (U) Memo from Major Gen J .  H. Hinrichs,  t o  Lt  Gen Car ter  B. 
Magruder, DCSLOG, 11 Dec 58, subj  "Ordnance Objectives. ' '  

3 .  (U) LACROSSE Progress Repts: Sep 59, p. 5; Nov 59, p. 8. 



Corps i tem which SigzlaE advises  t?s w i l l  b? awa i l ab l e  i n  Janu.ary 1961. 

. . .  I14 

(U)  Through t h e  concer:ratad efforts of A R G M  and c o n t r a c t o r  per -  

sonne l ,  r e p a i r  p a r t s  de l i ve ry  was g radua l ly  improved and t h e  problem 

evenCually solved.  While e a r l y  2Pannizg for LACROSSE support  d i d  not 

i x l u d e  t h e  use of con t r ac to r  r e p r e s e n t s t i v e s  a f t e r  t h e  Ordnance r e a d i -  

ness  d.ate, i t  l a t e r  became apparent  tha t  some t e c h n i c a l  r e p r e s e n t a t i v e s  

wo.~Pd be necessary .  Thre2 were provided t o  P o s ~  Ordnance a t  F o r t  S i l l ,  

t w o  a t  Fork Bliss,  and a?e a t  AIPGNA. Ole c e c h i e a l  r e p r e s e n t a t i v e  was 

a l so  r equ i r ed  f o r  each Ordna=s? s -pp r t  n - i t .  5 

Y 
LACROSSE Zxyrovmec; Pra,:rain (U) 

i$f The LACROSSE s y s t e s  i n i t i a l l y  p laced  i n  t h e  hands of Army 

Z ~ s o > s  i n  J u l y  1959 was c ~ n s i d e r e d  a basically eccep tab l e  wzapon, but 

i: was by no means e f u l l y  r s l iab le ,  p>rTscted system. The Commanding 

General of AOMC w a s  f ~ . . h l y  8ware of t 5 L s  2 s  early ee May 1'359 alrd advised 

t h e  Chief of Brdnznce of the  inp~avemmts r.eeded to hrbng t h e  syscem i n  

l i ~ e  wi2h us2r   requirement,^. In ' ~ k e  inpr>-~ernert 71311 s u b ~ ~ i t t e d  a t  t h a t  

t i n e ,  !I? poin ted  out  t h a t  t b e  c!:rrsxt IAVWSSE spscem could not  be 

s a 2 i s f a c t o r i l y  improved i n  t 4 e  ECM a r e a  w i t b o ~ t  e s s e n t i a l l y  r e i n s t a t i n g  * 
t h e  MOD I program. The c c s t  of t h e  MOD I program was es t imated  t o  be 

about $250,000,000 f o r  system deveIa?ment, t:=st, and d e l i v e r y  of 12 

f u l l - s t r e n g t h  batta1rl:nx wi th  e saoc i a t ed  ' res t  e q u i ~ m m t  and m i s s i l e s .  

Th i s  f i g u r e  a l s o  included t h e  c ~ s t  of r e i r o l i t f i a g  e i g h t  reduced- 

s t r e n g t h  LACROSSE I b a t C a l i a x  to MOD I type.  The Chief of O r d n a ~ c e  

s u b s ~ z q n e ~ t l y  approved Chis i - x ~ r ~ v e a e n t  p l a n  and accepted it a s  t h e  

o f f i c i a l  Osdnanee p x i C i ~ z .  However, Dk S t a f f  r e j e c t e d  t h e  p lan  and 

d i r e c t e d  t e r n i n r t i o n  of t C c  MCln I program on 18 h g u s t  1 9 5 9 . ~  This  was 



followed i n  quick succession by t h e  withdrawal of 

the  LACROSSE program. 7 
the  Marine Corps 

& During a b r i e f ing  t o  the  Chief of Ordnance on 11 November 

151 

from 

1959, 

t h e  ARGMA Commander emphasized t h a t  t h e  LACROSSE system then i n  the  

f i e l d  was not a s o l i d ,  dependable.weapon and would not  be u n t i l  funds 

and au thor i ty  were provided t o  make it so. Less than a week l a t e r ,  the  

A r t i l l e r y  Board submitted a r epor t  on "Service Tes t  of the  LACROSSE 

Miss i l e  System," point ing out  c e r t a i n  equipment d e f i c i e n c i e s  ye t  t o  be 

correc ted .  Convinced t h a t  p o s i t i v e  a c t i o n  would be required a t  higher 

l e v e l ,  t h e  Commanding General of AOMC wrote t o  t h e  Chief of Ordnance, 

i n  December, c a l l i n g  h i s  a t t e n t i o n  t o  t h e  A r t i l l e r y  Board's complaint. 

"It is  s i g n i f i c a n t , "  he sa id ,  " tha t  t h e  major shortcomings i n  LACROSSE 

. . . approximate those which we have long known. Our proposals f o r  

co r rec t ion  have not  been supported by DA s t a f f  and so  we a r e  l e f t  with 

se r ious  d e f e c t s  i n  the  system such a s  i t s  ECM v u l n e r a b i l i t y .  . . . I 

s t rong ly  urge t h a t  you again focus t h e  a t t e n t i o n  of S t a f f  on t h i s  

problem and t r y  once more t o  prod them i n t o  ac t ion .  118 

& I n  response t o  f u r t h e r  user  quer i e s ,  General Medaris sen t  the  

Chief of Ordnance a 14-page t e l e t y p e  i n  January 1960, which out l ined the  
9 

cu r ren t  LACROSSE l imi ta t ions  i n  terms of t h e  M C ' s .  Af ter  a ca re fu l  r e -  

view of t h i s  message, the  aforementioned A r t i l l e r y  r epor t ,  and the  AOMC 

l e t t e r  of 18 December 1959, General Hinrichs concluded t h a t  AOMC should 

.have a q u a l i f i e d  team conduct a review of t h e  progress being made toward 

e l iminat ing  LACROSSE problems. In  a l e t t e r  t o  AOMC on 22 January, he 

observed: "As I look a t  t h i s  program I am astounded a t  the  s i m i l a r i t y  

between LACROSSE and DART. You remember how t h e  improvements on the  

l a t t e r  were always ' j u s t  around t h e  co rne r . '  To me, t h e  fundamental 

d i f f e rence  is t h a t  LACROSSE is  b a s i c a l l y  a good system. The d i f f i c u l t y  

7. (U) See footnote 14 and d iscuss ion r e l a t i n g  t h e r e t o  i n  Chap I V .  

8 -  (U) L t r ,  Maj Gen J .  B. Medaris t o  Lt  Gen J .  H. Hinrichs,  COFORD, 
18 Dec 59. See Document 16. 

9 -  (U) TT ORDXR-CR-503, CG AOMC t o  COFORD, Date-Time-Group (DTG) 
07118002 Jan  60. See Document 17. 



i s  t h a t  t h e  c o r r e c t i o m  f o r  t h e  k n o w  d e f i c i e n c i e s  . . . t o  d a t e  a r e  

marginal." T o  t h e  ex t en t  permi t ted  by ava i l sSEe  funds,  he urged AOMC 

t o  a c t i v e l y  pureue mems of improving ;he LACROSSE, w i t h  emphasis on 

g e t t i n g  sougd c o r r e c t i o n s  f o r  knowr. d e f k c i ~ r r s i e s .  With t h i s  done, it 

would then be t ime " to  cons ider  t h e  f c ; h e r  imp~overnents incorporated 

i n  our  29 May proposal .  ,110 

cl /PI During a  conference held a t  M a r t i n ' s  Orlando p l a n t ,  17-18 

March 1960, Ordnance and A r t i l l e r y  r e p r e s e n t a t i v e s  o u t l i n e d  c r i t i c a l  

problem a r e a s  remaining i n  t h e  LACROSSE system and rece ived  assurance  

from t h e  c o n t r a c t o r  tha: every e f f o r t  wonld be made t o  exped i t e  so lu -  

t i o n s .  I n  a  concluding speech, M r .  H. R .  S t a d d t ,  LACROSSE P r o j e c t  

D i r e c t o r  a t  t h e  Mart in  Company, r e i t e r & t e d  :hat t h e  ou t s t and ing  problems 

could be c leaned  up "with proper s ~ p p - ~ : t "  i n  t h e  immediate f u t u r e .  He 

went on t o  say: 

& I am g r e a t l y  concerned, however, t h a t  when we have 
so lved  t h e s e  problems . . ., you w i l l  n o t  be s a t i s f i e d  w i th  
LACROSSE because of t h e  b a s i c  d e f i c i e n c  ies which go back t o  
fundamental l i m i ~ a t i o z s  which t-ave never  chsnged . . . h e r e  
r e f e r r i n g  t o  zhe ECM problem which che MOD I was t o  c o r r e c g .  
We, t oge the r  wi th  Ordnance, have gone a long wey . . . toward 
t h e  development of a  s o l c t i o n  for t5is problem, and a r e  a t  
t h e  p re sen t  time almost i n  s;s ended animation due t o  l a c k  of 
programming a u t h o r i t y .  The &D fl prcgram was te rmina ted  due 
t o  l a c k  of funds l a s t  August, and we have been working w i t h  a  
ske l e ton  crew f o r  t h e  p a s t  s i x  months, and my t ime has  run  ou t  
f o r  permission t o  cont inue  t o  use c i q a n y  f m d s .  

Our p l a c  d t  p r e sen t  i s  a  ' p - u r  man's approach'  f o r  a  
t h r e e  phase program t 3  g e t  a l l  the3 e x i s t i n g  a i r b o r n e  and 
ground u n i t s  r e t r o f i t t e d  i n  t h e  f i e l d  where they w i l l  e x i s t .  . . . Th? b a s i c  d i f f e r e n c e  i n  t h e  p ~ o p ~ s e d  p x g r a m  a s  d i s -  
b i ~ g u i s h e d  from t b e  LACROSSE p r a g r m  p lanning  of t h e  p a s t  
i s  that we would l i k e  t s  have tise t t r  s o l v e  problems i n  o t r  
own back yard and Lhen g ive  yo-m, t h e  cclstornes, a f i n i s h e d  
produzt  i n s t ead  of d e l i v e r i n g  hardware t o  you, the use-, 
p r e m a c ~ r e l y  s h c r t l y  a f r e r  it  has  rea-hed development mile-  
p>st.  One of t l -13 b a s i s  reasons  t h a t  we a r e  hciving so  many 
l i t t l e  d i f f i c u l t i e s  wi th  LACROSSE I i n  t h e  f i e l d  today i s  
t h e  fact. t b a t  we were forced  t o  d e l i v e r  . . . hardware t o  



t h e  f i e l d  before  we had had t h e  normal minimum t ime span t o  
s o l v e  and debug t h e  problems i n  our  own shop. 11 

3 Less t han  30 days l a t e r ,  an ARGMA team completed t h e  program 

review suggested by OCO and publ ished i t s  f i n d i n g s  i n  t h e  %ACROSSE 

Weapons System Evaluat ion Report ,"  i n  A p r i l  1960. The r e p o r t  contained 

a  d e t a i l e d  d i s cus s ion  of some 133 d e f i c i e n c i e s ,  t h e  most s e r i o u s  of 

which were i n  guidance package c a l i b r a t i o n ,  a i r - b o r n e  component des ign ,  

and ECM v u l n e r a b i l i t y .  Among t h e  c a l i b r a t i o n  problems were t h e  ex ten-  

s i v e  maintenance opera t ions  r equ i r ed  t o  r e p a i r ,  a l i g n ,  and c a l i b r a t e  

t h e  guidance loop of t h e  system i n  o rde r  t o  main ta in  t h e  r equ i r ed  system 

accuracy.  The team concluded t h a t  t h e  enemy d i d  possess  equipment 

capable  of jamming LACROSSE wi th  cognizant  o r  b r u t e  f o r c e  techniques ,  

bu t  such equipment would have t o  be deployed p rope r ly  and i t s  ope ra t i on  

timed t o  t h e  c r i t i c a l  p o r t i o n s  of t h e  LACROSSE t r a j e c t o r y .  12 

On 27 A p r i l  1960, General Medaris s e n t  t h e  e v a l u a t i o n  r e p o r t  t o  

OCO, s t r o n g l y  recommending immediate d i v e r s i o n  of funds toward p rov i s ion  

of a  Second Generat ion LACROSSE system w i t h i n  t h r e e  yea r s ,  i n  l i e u  of 

mere improvement of t h e  e x i s t i n g  system over  t h e  same t i m e  span. The 

e s t ima ted  c o s t  of a  th ree-year  improvement program w i t h i n  t h e  c u r r e n t  

system l i m i t a t i o n s  was $ 1 7 , 4 4 1 , 0 0 0 . ~ ~  Desp i t e  cont inued A r t i l l e r y  Board 

complaints  about  system d e f i c i e n c i e s  and low r e l i a b i l i t y ,  OCO r e j e c t e d  

t h i s  p roposa l  i n  J u l y  1960 on t h e  b a s i s  t h a t  t h e  p r i c e  t a g  was t oo  h igh  

and t h e  r i s k  t o o  g r e a t .  I n  view of t h e s e  and o t h e r  f a c t o r s ,  OCO i n d i -  

c a t e d  t h a t  cons ide ra t i on  was being given t o  recommending t o  DA S t a f f  

t h a t  LACROSSE procurement be  he ld  t o  t h e  c u r r e n t  e i g h t  b a t t a l i o n  
2': 

commitment, and t h a t  t h e  LITTLEJOHN o r  MISSILE A be  cons idered  f o r  

* (U) I f  LITTLEJOHN were s e l e c t e d ,  Marine Corps requirements  s t i l l  would 
no t  be  f i l l e d ,  I n  February 1960, Gen T s c h i r g i  of t h e  Marine Corps had 
t o l d  t h e  Appropriat ions Subcommittee t h a t  t h e  LACROSSE and LITTLEJOHN 
systems "were no t  s a t i s f a c t o r y  f o r  our  purposes and, t h e r e f o r e ,  we a r e  
o u t  of t h o s e  two programs. . . . I 1  See f o o t n o t e  14, Chap I V .  

11. (U) Minutes of Art i l lery-Ordnance-Mart in  Meeting on Lacrosse,  
17-18 Mar 60. 

12 .  (U) LACROSSE Evalua t ion  Rept,  Apr 60, op. c i t .  
13. (U) L t r ,  CG AOMC t o  COFORD, 27 Apr 60, sub j  "LACROSSE Weapons 

Svstem." See Document 20. 



sny a ~ d i t i o n a %  t roop  requirements i n  t!r i l ;  a r e a .  14 

c\ 
Meanwhile, tF.3 Mart in  C o ~ ~ e n y  bsd s c h i t t e d  a formal recommen- 

rfszion tha: t h e  3 - p h ~ s z  "poor boy's" plsr. desc r ibed  dur ing  t he  March 
* - .  E>60 conference be adopted in  Biou o; operdizg more moxy on c o r r e c t i o n  

of LACROSSE I de f i c i enc i e s .  The C 5 i e Z  of O~dnance balkcd a t  t h e  p r i c e .  

pzogriln on an expzdi t ,?d ,  low c o s t  bs:l;is. &..ti? ercced .-' "La.: f a i l u r e  t o  

reorient t h e  p rog ras  wodd  r e s 3 l t  i 2  .;he product  if>n of unxodif i ed  hard- 

(U) A R G U  re fused  t o  accept  F z r t i n ' s  new p lan  u r ~ t i l  it had been 

revised t o  inc lude  a l l  necessary elenerts a r 3  ze f ined  t o  a minimum 

p o s s i b l e  c o s t .  The r ev i sed  p lan  r o ~ a l s d  $96.7 n f l l i o n ;  however, i n  

cons ider ing  t h e  $22.3 m i l l i o n  budgdt F,JY FY 136P, 1962, and 1963, and 

the. =unds recoverable  from p o s s i b l e  co.:~!-.ract r e ~ m i n a t  ion, t h e  t h r e e -  

year  reqcirernent was reduced t o  $66.1 n i l l i o n  a d d i t i o n a l  fx!ds. 
16 

k On 5 Sepfezber 1960, ARC% ser.t W O  2 brochure on t h e  s t a t u s  

of t h e  133 system d e f i c i e n c i e s  which hzd bee3 r epor t ed  e s r l i e r  i n  t h e  

year .  By October, 43 of t hese  de ' ic iecc ies  t3d been completely cor -  

r ec t ed ;  32 had been mgineered  and were nialring completion; 40 had been 

d e t e ~ n ~ i n e d  t o  be ei thct-  "fiice to ha-vef9 or ~2ccrrsc~able; 7 were s t i l l  

u n d c  i n v e s t i g ~ t i o n ;  eEd no s c t i m  could b e  t aken  on t b e  remaining 11 

d e f i c i e n c i e s  because df t long lead t ims re%:i%red. 



maintenance f o r  t h e  systes-was t o  r e v i v e  t h e  MOD I program. With $66.1 

m i l l i o n  a d d i t i o n a l  funds,  a l l  e i g h t  LACROSSE b a t t a l i o n s  could be r e t r o -  

f i t t e d  t o  t h e  improved guidance concept ,  inc lud ing  d i r e c t  suppor t  u n i t s  

and t r a i n i n g  devices .  Moreover, t h e  LACROSSE could  be f i e l d e d  w i t h  90% 

e f f e c t i v i t y  i n s t ead  of  t h e  e x i s t i n g  60%. LACROSSE had a l r e a d y  c o s t  

~ r d n a n c e ' o v e r  $300 m i l l i o n ,  and an a d d i t i o n a l  $66.1 m i l l i o n ,  o r  20% of 

t h e  i n i t i a l  investment,  would provide  a  ba t t le -wor thy ,  r e l i a b l e  weapon 

t o  t h e  t roops .  17 

& By l a t e  October 1960, t h e  LACROSSE had been sub jec t ed  t o  a  

" k i l l  o r  cure t '  e x e r c i s e  which l e f t  t h e  program i n  a  reduced-s t rength ,  

buy-out, t e rmina l  s t a t u s  i n  e a r l y  1961. The b a s i s  f o r  t h e  f i n a l  

~ r d n a n c e / ~ ~  dec i s ion  was a  brochure prepared  by ARGMA i n  response  t o  

36 pages of handwri t ten ques t i ons  concerning s i x  p o s s i b l e  courses  of 

a c t i o n  t h a t  could be taken wi th  L A C R O S S E . ~ ~  The DA Deputy Chief of 

S t a f f  f o r  Operat ions took t h e  p o s i t i o n  t h a t  Ordnance could go one of 

fou r  ways on LACROSSE: 1) cont inue  w i t h  t h e  p r e s e n t  v e r s i o n  without  

add it i o n a l  funds f o r  c o r r e c t i n g  d e f i c i e n c i e s  ; 2) con t inue  t h e  p re sen t  

v e r s i o n  but  inc lude  t h e  $7 m i l l i o n  needed t o  c o r r e c t  d e f i c i e n c i e s ;  

3) go t o  t h e  MOD I program-$66.1 m i l l i o n ;  o r  4) t e rmina t e  t h e  program. 

DA S t a f f  members r u l e d  o u t  t h e  f o u r t h  a l t e r n a t i v e  a s  no t  f e a s i b l e ,  and 

t h e  t h i r d  a l t e r n a t i v e  a s  no t  f e a s i b l e  f o r  l a c k  of d o l l a r s .  This  l e f t  

t h e  f i r s t  and second a l t e r n a t i v e s  o r  a  combination of t he se .  
19 

3 The f i n a l  d e c i s i o n  was t o  con t inue  t h e  LACROSSE I v e r s i o n  and 

provide  $7  m i l l  ion f o r  c o r r e c t  ion of  d e f i c i e n c i e s  . Anything beyond 

t h i s  would no t  be considered.20 The MOD I program was dead, but  t h e  

ECM problem was s t i l l  very much a l i v e .  

17. (U) Ib id . ,  pp. 120-23. 

18. (U) Ibid. ,  pp. 120, 123. See Document 24. 

19. (U) Jou rna l  Entry,  E.  K. Char l ton ,  Dep Chief ,  ARGMA Cont ro l  
Ofc, 20 Oct 60. 

20. (U) Jou rna l  Entry,  ARGMA Comdr, 2  Nov 60. 



C1 
Reviced LACROSSE I-xier?tiry Objectives (e') 

l-t 
The axe o f f i c i a l l y  f e l l  on 4 January  1961. The DA S t a f f  

d e c i s i o n ,  s e n t  t o  AOMC by t e l e t y p e  f r ~ m  80.8, e s t a b l i s h e d  t e n  inventory 

o b j e c t i v e s  f o r  t h e  LACROSSE s y s t ~ i ~ r .  Wh-n t r a n s l a t e d  i n t o  u n i t s  and 

equipment, t he  dec i s ion  meant thaE eigh;  reduced-s t rength  b a t t a l i o n s  

(Eurcpe - 3, P a c i f i c  - 1, CONUS - 4) woaPd be maintained. The m i s s i l e  

inventory  o b j e c t i v e  was 95 per b a ~ t a l i o n  (as op?osed t o  f c l l - s t r e n g t h  

of 120) by t h e  end of FY 1962, wi th  t t -e f c ~ l l s w i n g  yea r s '  i n v m t o r i e s  

reduced i n  p ropa r t  ir+n. S$q?o.- t ,  pro -nd, tec?: , and m c i l l a r y  equipment, 

and p a s t s  i n v e n t c r i e s  were t o  be c c r ~ ~ i l e d  accord ingly .  2 1 

2 h .  (U) TT DA 9P81CO3 q.iot_~d i- E D  Y'r t o  CS AOMC & A R M  Comdr, 
D'IG 04/15392 Jan 61. S I ; ~  Ds:mon;r. 25. For d e t a i l s  r e l a t i n g  t o  f i n a l  
p r c c ~ r e r n s n t  and i n v e n t ? ~ y  ,c:i~n;,  Q V L  ARCMA Hist S ~ m n z r y ,  Jan-Jun 61, 
F ri . 108-2C3, 188-2C, and 207. 



VII. (U) LACROSSE PROGRAM COST SUMMARY 

(U) The net cost of the LACROSSE program from September 1947 

through June 1962 amounted to about $295,491,000 (see Table 6) . At one 
point, the total funding program exceeded $300 million, but a good por- 

tion of this amount was recovered through termination of certain de- 

velopment contracts and cut-back in LACROSSE I production. 

(U) Based on available contract data presented in Appendix Document 

26, about 83.8% of the total net expenditure went to two contractors- 

$220,900,569, or about 74.7%, to the Martin Company, and $26,934,015, or 

about 9.1%, to the Cornell Aeronautical Laboratory. 

TABLE 6 

LACROSSE COST SUMMARY 

Research, Development, Test & Evaluation 
al Army - FY 62 & Prior . . . . . . . . . . . . . . . . . . .  $73,600,000- 

Marine Corps - FY 1957-59.. . . . . . . . . . . . .  4,354,00&/ 

. . . . . . . . . . . . . . . . . . . . . .  Navy - FY 1948-50 410,000~~ 

Total RDT&E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 78,364,000 

Procurement, Equipment & Missiles, Army 

Missiles, Adaption Kits, Warheads . . . . . .$  l52,OOOYOOO 

Launchers, Type IV Test Equipment, Etc 57,000,000 

. . . . . . . . . . . . . . . . . .  Industrial Facilities 4,400,000 
d .......................... Total PEMA - FY 1962 & Prior $213,400,000- 

Operations & Maintenance, Army 

FY 1961-62 ............................................ 3,727,000~~ 

........................................... GRAND TOTAL $295,491,000 

21 Information provided by Mr. G. S. Wicker, Office of the Comptroller 
& Director of Programs, U. S. Army Missile Command. 

b/ LACROSSE R&D Funding Summary, FY 60 & Prior (Incl to ARGMA Letter, - 
15 Jul 60, op. cit.) 

g Information provided by Mr. W. B. Stuart, General Support Division, 
Directorate, Proc & Prod, U. S. Army Missile Command. 

: . : ! h : , 3  , 



VIII. SUMMARY (U) 

& In summary, the LACROSSE Weapon System was in the field, and 
it was still having its troubles. It was not a perfect weapon by any 

means. But it could have been made so with some additional time, a 

little more patience, and a relatively small amount of additional funds. 

h Though originally based on a technically sound concept, the 
LACROSSE system turned out to be technically deficient and unacceptable 

to the user for which it was developed. It was the victim of financial 

anemia and acute indecision and inaction. If adequate funds had been 

provided for the improved guidance system when the need became apparent 

in FY 1956, or if the MOD I program had been reinstated as AOMC sug- 

gested in May 1959, the LACROSSE story no doubt would have had a much 

brighter ending. As General Hinrichs told DA Staff in May 1959: 

(U) As a result of inadequate funding, we have frittered 
away over a period of time considerable sums of money on some 
development programs with very small returns. . . . I have 
advised the C/R&D that I believe the initiation or continua- 
tion of any development project at a funding level less than 
that necessary for efficient prosecution of the project is 
not worthwhile, and that, if necessary, we should do fewer 
things in a more complete manner. 

(U) Funding controls, in most instances, the quality as 
well as the rate of progress. We cannot expect limited funds] 
to fund unlimited programs regardless of how promising. . . . 

(U) General Hinrichs was probably tempted to recite this philosophy 

in testimony before the House Appropriations Subcommittee on 23 February 

1960. During these hearings, he heard the LACROSSE alternately referred 

to as "a pile of jmk," "a highly questionable weapon," and "half a 

weapcn." Though admittedly deficient in certain respects, the LACROSSE 

system even at that time was far from a "pile of junk." And the very 

members of the House S-bcomrnittee who were so critical of the system 

in 1960 probably voted against the fands needed by the Army in and 

after FY 1956 to correct the deficiency. One of the committee members 

- - pp - 

1. (U) Memo, Maj Gen J. H. Hinrichs, COFORD, to Lt Gen Carter B. 
Magruder, DCSLOG, 29 May 59, subj "Ordnance Objectives." 



s t a t e d  : "The LACROSSE m i s s i l e  i n  i t s  development has  gone on and on 

l i k e  Tennyson's brook, it  has s l i p p e d  and s l i p p e d  and s l ipped . l f2  This ,  

of course ,  was p e r f e c t l y  t r u e .  But t h e  f a c t  t h a t  t h e  p r o j e c t  had e x i s t e d  

on i r r e g u l a r  funding a l l  t h e s e  yea r s  was n o t  mentioned a s  one of t h e  key 

c o n t r i b u t i n g  f a c t o r s .  

& An e x c e l l e n t  r e t r o s p e c t i v e  view of t h e  LACROSSE program i s  

g iven  i n  t h e  fol lowing excerp t  from t h e  LACROSSE Case H i s to ry  prepared 

a t  OCO l e v e l :  

J& The funding and planning f o r  t h e  LACROSSE system has 
f l u c t u a t e d  from one extreme t o  t h e  o t h e r ,  wi th  t h e  r e s u l t s  
t h a t  Ordnance and t h e  c o n t r a c t o r s  have been unable  t o  e s t ab -  
l i s h ,  main ta in ,  and execute  a  l o g i c a l  p rog re s s ive  development 
schedule .  It is no t  meant t o  imply t h a t  t h e  funding was 
s o l e l y  r e spons ib l e  f o r  a l l  s l i p p a g e  o r  d e f i c i e n c i e s  which 
have r e s u l t e d .  Technical  problems have a l s o  con t r ibu t ed  t o  
t h e  d i f f i c u l t i e s ,  a l though t h e s e  d i f f i c u l t i e s  would probably 
have been d i f f e r e n t  i f  t h e  funding had been completely ade- 
qua t e  throughout t h e  program. (For  example: It i s  be l ieved  
t h a t  a d d i t i o n a l  r e l i a b i l i t y  work would have been performed 
a t  a  h igher  l e v e l  of funding.) 

9 When requirements were changed it was cons idered  
t h a t  they  would n o t  s e r i o u s l y  i n t e r f e r e  w i th  t h e  program. 
However, it is doubt fu l  t h a t  a  r e a l i s t i c  assessment of t h e  
impact was always made. It i s  be l i eved  t h a t  t h e  changes and 
new requirements  con t r ibu t ed  t o  t h e  d i f f i c u l t i e s .  

J%f I n  a d d i t i o n ,  it i s  f e l t  t h a t  t h e  move of t h e  Mart in  
Company from Baltimore t o  Orlando, a s  w e l l  a s  c o n t r a c t o r  
personnel  t r a n s f e r s  from t h e  p r o j e c t ,  a l s o  con t r ibu t ed .  

2 -  (U) See foo tno te  14, Chap IV. 
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2.  INTRODUCTION 

2 . 1  Ea r ly  i n  1947 d i scus s ions  of a  guided m i s s i l e  f o r  c l o s e  support  of 
ground t roops  were i n i t i a t e d  by the  U.S. Marine Corps. These culminated 
i n  t h e  app rova l ,  by t he  Bureau of  Ordnance, of p roposa ls ,  submit ted by 
t h e  Applied Phys ics  Laboratory, f o r  a  s tudy of t he  f e a s i b i l i t y  of t he  
development of such a  m i s s i l e .  On 15 September 1947 t h e r e  was e s t a b l i s h e d  
a t  t h e  Applied Physics  Laboratory,  t h e  P r o j e c t  Lacrosse,  and the  Lacrosse 
Board was appoin ted  t o  formulate  t h e  program of s tudy and adv i se  i n  i t s  
p rosecu t ion .  

The Lacrosse Board c o n s i s t e d  o f :  

A. G .  Ennis ,  APL, Group Superv isor  - BBD 
P.  J .  Larsen,  APL, Unit  Superv isor  - Task B 
J .  T. Massey, APL, ~ s s ' t  Group Superv isor  - BBG 
P. F.  Mooney, APL, Group Superv isor  - CL-7 
H .  S .  Morton, APL, Group Superv isor  - BBW 
G .  C .  Munro, APL, BBG-7, Analysis  
E .  C .  Stevenson, APL, Group Superv isor ,  P r o j e c t  Lacrosse 
H. E .  Sunde (A l t e rna t e  f o r  P .  J .  Larsen) 
K.  D .  Swar tze l ,  CAL, Head, Engineer ing Phys ics  Dept 

Subsequent ly ,  t h e  p a r t i c i p a t i o n  of t h e  Corne l l  Aeronaut ical  Laboratory,  
Buf fa lo ,  N .  Y .  i n  t h e  Lacrosse s tudy was secured .  

The th ink ing  of t h e  Lacrosse Board and t h e  d i r e c t i o n  of e f f o r t  of 
t h e  working groups have been guided and inf luenced  by the  b a s i c  
philosophy and m i l i ~ a r y  c h a r a c t e r i s t i c s  fol lowing:  

2 .2  Bas ic  Philosophy of Lacrosse Study 

Determine the  f e a s i b i l i t y  of a  Lacrosse m i s s i l e  i n  t he  l i g h t  of 
t h e  p re sen t  s t a t e  of t h e  a r t ;  i n v e s t i g a t i o n s  of unknowns involv ing  b a s i c  
r e sea rch  a r e  beyond t h e  scope of t h i s  s t udy .  

2 .3  M i l i t a r y  C h a r a c t e r i s t i c s  of P r o j e c t  Lacrosse 

2 . 3 . 1  Genera 1 

(a )  A ground-launched guided m i s s i l e  i s  envisaged which w i l l  
s e rve  a s  a  u s e f u l  supplement t o  a r t i l l e r y ,  nava l  g u n f i r e ,  and a e r i a l  
bombardment i n  t h e  c l o s e  support  of l anding  f o r c e s ,  

(b)  It i s  intended t h a t  t h e  m i s s i l e  should be launched from a  
ground p o s i t i o n  ( o r  from a  nearby s h i p )  i n  response t o  a  r eques t  from a  
ground observer  ( o r  from a n  a i r - b o r n e  o r  shipborne observer)  who has  
s i g h t e d  a n  a p p r o p r i a t e  ground t a r g e t .  

(c )  The m i s s i l e  would be caused t o  f l y  wi th  p r e s e t  c o n t r o l s  i n  
t h e  gene ra l  d i r e c t i o n  of t h e  t a r g e t .  A t  a n  a p p r o p r i a t e  time t h e  
observer  would take  c o n t r o l  of t he  m i s s i l e  and d i r e c t  i t  a c c u r a t e l y  t o  
t h e  t a r g e t .  

2 .3 .2  Launching 

( a )  Launching S i t e  - Ground p o s i t i o n  i n  r e a r  of f r o n t  l i n e s  



( o r  s h i p  l y i n g  o f f s h o r e ) .  UNCl-ASSIfIED 
(b)  Launching Equipment - Readily t r a n s p o r t a b l e  and e a s i l y  s e t  

up under f i e l d  cond i t i ons .  

(c )  M i s s i l e  Handling - M i s s i l e  t o  be of  s u f f i c i e n t l y  small  s i z e  
t h a t  power handl ing  equipment i s  no t  r e q u i r e d .  M i s s i l e  t o  r e q u i r e  a  
minimum of assembly o r  p r epa ra t i on  a t  t h e  launching  s i t e .  No s p e c i a l  
f u e l  handl ing  equipment t o  be r equ i r ed .  

2 . 3 . 3  Cont ro l  

(a )  Tarpet  I d e n t i f i c a t i o n  - By obse rve r  l oca t ed  on ground (o r  i n  
obse rva t ion  type a i r c r a f t  o r  o f f sho re  c r a f t ) .  

(b) I n i t i a l  Cont ro l  - P r e s e t  guidance c a r r y i n g  m i s s i l e  i n t o  
f i e l d  of view of  observer .  

(c )  Terminal Control  - Command guidance exe rc i s ed  by observer .  

(d) Cont ro l  S t a t i o n  Equipment - t o  be capable  of bpe ra t i on  i n  
f r o n t  l i n e  p o s i t i o n  ( o r  i n  observa t ion  type a i r c r a f t  of o f f s h o r e  c r a f t ) .  
To r e q u i r e  no t  more than two ope ra to r s ,  i nc lud ing  obse rve r .  To weigh 
not  more than 150 pounds. To break down f o r  pack-board c a r r y  i n t o  no t  
more than  7 loads ,  each weighing no t  more than 25 pounds. To be capable 
of s e r v i c i n g  under f i e l d  cond i t i ons .  

(e )  Inclement weather o r  poor v i s i b i l i t y  no t  t o  l i m i t  ope ra t i on .  
Cons idera t ion  t o  be given t o  i l l umina t ion  of t a r g e t  and m i s s i l e  by such 
means a s  r a d a r ,  inFrared ,  e t c .  

( f )  Means t o  be provided f o r  d e s t r u c t i o n  of t he  m i s s i l e  i n  f l i g h t ,  
e i t h e r  on r e c e i p t  of  s i g n a l  from c o n t r o l l i n g  obse rve r  o r  on l o s s  of 
c o n t r o l .  

(g)  Anti-  jam devices  t o  be incorpora ted .  

(h) Command l i n k  t o  be used f o r  communication between observer  
and launching s i t e  i f  p r a c t i c a b l e .  

Range 

(a)  Maximum - Not less than 20,000 y a r d s .  

(b)  Minimum - Not more than 1,000 ya rds .  

Accuracy 

( a )  Probable  e r r o r  i n  any d i r e c t i o n  no t  more than 5 yards .  

F l i g h t  Performance 

( a )  Subsonic v e l o c i t y  w i th  h igh  maneuverab i l i ty .  

(b) Combination of v e l o c i t y ,  t ime of f l i g h t ,  and t r a j e c t o r y  t o  
provide rnaximum immunity from a n t i a i r c r a f t  f i r e .  

2 .3 .7  Warhead 

(a) Type - In te rchangeable  a t  l aunching  s i t e .  Choice of armor- 
p i e r c i n g ,  shaped change, high exp los ive ,  i ncend ia ry ,  o r  chemica 1. 

UNCLASSIFIED, 



(b)  Weight - Approximately 100 pounds. 

( c )  Fuze - Impact, delayed impact, VT, o r  observer  c o n t r o l l e d .  

2 .4  I n i t i a l  Attack 

2.4.0 The dominant requirement,  recognized a s  such from the  o u t s e t  i s :  

Accuracy - Probable e r r o r  i n  any d i r e c t i o n  not  t o  exceed 5  yards .  

The s t r ingency  of t h i s  f i g u r e  sugges ts  a t  once t h a t  t he  problem 
of guidance may be the  most d i f f i c u l t .  A t  i t s  f i r s t  meeting, t h e  
Lacrosse Board recommended t h a t  work begin wi th  a  s tudy of te rmina l  
guidance, and wi th  the s impl i fy ing  assumption t h a t  the t a r g e t  has been 
completely i d e n t i f i e d .  

2 . 4 . 1  F i r s t  CAT, Assignment 

The proposed m i l i t a r y  c h a r a c t e r i s t i c s  suggest  command guidance 
from the  forward s t a t i o n .  This would r e q u i r e  t r ack ing  of the m i s s i l e ,  
and pulse  radar  techniques a r e  be l ieved  t o  be the  bes t  so  f a r  developed 
f o r  t h i s  purpose. Pulse radar  i s  such a  l o g i c a l  contender f o r  a  p lace  
i n  nea r ly  any proposed non-homing system, t h a t  i t  was thought bes t  t o  
i n v e s t i g a t e  t h e  l i m i t i n g  accu rac i e s  of ranging  and t r ack ing  of which the  
method i s  capable ,  before  t h e  syn thes i s  of a  p a r t i c u l a r  system was under- 
taken.  Accordingly, the Corne l l  Aeronautica 1 Laboratory agreed t o  c a r r y  
out th i s -ass ignment  a s  i t s  f i r s t  problem under a  program of study of non- 
homing guidance. 

2.4.2 F i r s t  JEIU/APL Assignment 

Although gu.idance by homing in t roduces  unique problems of t a r g e t  
marking o r  survey,  the b e l i e f  by many t h a t  only t h i s  method of guidance 
might be capable of meeting the  accuracy s p e k i f i c a t i o n ,  requi red  t h a t  
some cons ide ra t ion  be given t o  i t .  Mathematical ana lyses  of homing 
guidance systems f o r  the  Bumblebee CTV were a l r e a d y  being c a r r i e d  out  
by D r .  Munroe of APL, so the  APL Lacrosse working group undertook a s  
i t s  f i r s t  assignment the p repa ra t ion  of a  homing dynamic a n a l y s i s  
problem f o r  a  Lacrosse m i s s i l e .  

The accomplishments of t hese  i n i t i a l  undertakings and the  
succeeding i n v e s t i g a t i o n s  a r e  reviewed i n  Sec.  3 . 1  - 3 . 5  and w r i t t e n  up 
i n  d e t a i l  i n  t he  Appendices I - V .  

3. REVIEW AND SlTMMARY OF THE SEVERAL INVESTIGATIONS 

3  1 Homing Guidance 

3 .1 .1  The i n v e s t i g a t i o n  of te rmina l  guidance accuracy by homing was 
begun wit.h t h e  assumption t h a t  t he  t a r g e t  could be a c c u r a t e l y  marked, 
Basic  c o n t r o l  loops . . . were drawn f o r  systems us ing  two types of 
homing s i g n a l s :  (1)  the  time r a t e  of change of t r u e  bea r ing  of the 
t a r g e t  l i ne -o f - s igh t  . . .; and (2 )  t he  in t e r f e rome te r  c h a r a c t e r i s t i c  
s i g n a l  . . . . 
3.1.2 The non- l inear  s e t  of d i f f e r e n t i a l  equat ions  desc r ib ing  the  



motion i n  p i t c h  of a  t y p i c a l  a i r f r a m e  was e n t e r e d  i n  t h e  d i f f e r e n t i a l  
a n a l y z e r  a t  t h e  Un ive r s i t y  of Pennsylvania ,  and t h e  b e s t  va lues  of t h e  
parameters  were determined f o r  which r a p i d l y  damped s t a b l e  motion 
r e s u l t e d .  When pre l iminary  runs showed a  high-speed m i s s i l e  t o  have 
only  marginal  s t a b i l i t y ,  a t t e n t i o n  was d i r e c t e d  t o  a  m i s s i l e  having a  
speed of  200 f t / s e c .  Using the optimum values  of t h e  parameters  found 
f o r  t h i s  missile,  a r b i t r a r y  imperfec t ion  i n  t h e  performance of t he  system 
was introduced i n  t h e  form of lumped dead space ,  equ iva l en t  t o  a  minimum 
va lue  of t h e  e r r o r  s i g n a l .  The r e s u l t i n g  s t e a d y - s t a t e  motion, a f t e r  t he  
i n i t i a l  t r a n s i e n t  had disappeared,  was a  s l i g h t l y  damped n e a r l y  
s i n u s o i d a l  o s c i l l a t i o n  of the  m i s s i l e ' s  v e l o c i t y  vec to r  about  t h e  t a r g e t  
l i n e - o f - s i g h t .  The ampli tude and frequency of t h e  o s c i l l a t i o n  were 
func t ions  of t h e  magnitude of the dead space.  A s t a t i s t i c a l  a n a l y s i s  of 
t h e  curves  ob ta ined  f o r  var ious  va lues  of t h e  dead space i nd i ca t ed  a  
t o l e r a b l e  upper l i m i t  of 0 .01  r a d / s e c  f o r  t h i s  q u a n t i t y .  With t h i s  much 
dead space  equ iva l en t ,  h a l f  of t h e  m i s s i l e s  having t h e  assumed f l i g h t  
c h a r a c t e r i s t i c s  would s t r i k e  a  t a r g e t  c i r c l e  of 5 . 0  yds .  r a d i u s  i f  
c o n t r o l  were l o s t  a t  a  r e s i d u a l  range of 275 f e e t .  

3 . 1 . 3  D r i f t  of t he  m i s s i l e  due t o  wind was i n v e s t i g a t e d  by in t roduc ing  
t a r g e t  v e l o c i t y  i n  some cases .  No adve r se  e f f e c t s  were observed. 

3 .1 .4  Although motions i n  r o l l  and yaw were no t  s t u d i e d  ex t ens ive ly  i t  
i s  be l i eved  t h a t  t he  r e s u l t s  of t he  p i t c h  i n v e s t i g a t i o n s  may be used i n  
formula t ing  des ign  s p e c i f i c a t i o n s  which, i f  met, w i l l  y i e l d  s a t i s f a c t o r y  
o v e r - a l l  aerodynamic performance. 

3 . 1 . 5  The homing i n v e s t i g a t i o n s  l ead  t o  t he  conc lus ions  t h a t :  Seeker,  
gyro,  s e rvo ,  e t c . ,  components e x i s t  which, i f  incorpora ted  i n t o  a  slow- 
speed h ighly  maneuverable a i r f r ame ,  can be expected t o  make the  m i s s i l e  
home upon a  s u i t a b l y  marked t a r g e t  w i th  a n  aerodynamic p r e c i s i o n  of 
guidance s a t i s f a c t o r y  f o r  Lacrosse.  The homing s i g n a l  may be t h a t  
ob ta ined  from a  seeker  which holds  t h e  l i n e - o f - s i g h t  t o  t he  t a r g e t  o r  
t h a t  given by the  dua l  horn i n t e r f e r o m e t e r .  However, homing a s  a  
guidance system f o r  Lacrosse should no t  be adopted u n t i l  f i e l d  tests 
have shown t h a t  a  workable beacon can be placed a c c u r a t e l y  upon t h e  
t a r g e t  by a  method t a c t i c a l l y  a c c e p t a b l e  t o  t he  Marines.  

3 .2  Radar Accuracies ,  Weights, and Volumes 

3.2.1 The sea rch  (Appendix 11, Sec. 4) f o r  e s t i m a t e s  of t h e  b e s t  
a c c u r a c i e s  t o  be expected from r a d a r  measurements began wi th  a  s tudy  of 
those  e x i s t i n g  s e t s  having the  g r e a t e s t  p r e c i s i o n ,  no tab ly  au tomat ic  
f i r e  c o n t r o l  r a d a r .  S i g n i f i c a n t  d a t a  were ob ta ined  from r e s u l t s  of 
f i e l d  t e s t s  of t h e  SCR-584 (X and S-band), Mk. 35, and ANIAPG-3; a l l  
con ica l  s can  pu l se  r ada r s .  Experimental r e s u l t s  wi th  s h o r t  p u l s e s ,  of 
t h e  o r d e r  of  a  few hundredths of a  microsecond, were a l s o  reviewed; and 
t h e  op in ions  of recognized a u t h o r i t i e s  w e r e  sought .  

3 .2 .2  The fol lowing conclusions were drawn: 

1. Measurements a t  t he  minimum ranges envisaged for  
Lacrosse can be made by r ada r .  

2 .  Under t he  p re sen t  s t a t e  of t h e  a r t ,  t h e  b e s t  



accu rac i e s  ob t a inab le  a r e :  

Range * 5 yards  
Azimuth & Eleva t ion  ang le s  f 1 m i l  
Range r a t e  * 5 yds / sec . )  w i t h  2 sec .  
Angular r a t e  f 0.25 m i l / s e c . )  smoothing time. 

3 .  Maximum improvement t o  be expected w i t h i n  t h e  next  two o r  
t h r e e  yea r s :  

Range e r r o r  reduced 50%. 
Angle e r r o r  reduced an  o rde r  of magnitude. 

3 .2 .3  C o r r e l a t i o n s  were made of weight and volume a s  func t ions  of t h e  
a c c u r a c i e s  of measurement of e x i s t i n g  r a d a r  s e t s  (Appendix 11, Sec. 5 ) ,  
and t h e  conc lus ion  was reached t h a t  a  s a t i s f a c t o r y  t r a c k i n g  r ada r  of 
convent iona l  des ign  and opera t ion  would be t oo  heavy and bulky t o  meet 
t he  Lacrosse s p e c i f i c a t i o n s  f o r  t he  forward c o n t r o l  equipment. However, 
i t  was shown (Appendix 11, Sec. 5.3) t h a t  t h e  use of a  responder beacon 
i n  t h e  m i s s i l e  should so  reduce t he  ground s t a t i o n  power requirements  
and improve the  accuracy of t r ack ing  t h a t  p o r t a b l e  c o n t r o l  equipment 
could be b u i l t .  Also f u r t h e r  advantages might be expected i f  t h e  r ada r  
were designed s p e c i f i c a l l y  f o r  t h e  chosen guidance system and i f  t he  
p o s s i b i l i t i e s  f o r  coopera t ive  behavior  of t h e  m i s s i l e  were f u l l y  
exp lo i t ed .  

3 .2 .4  Because t.he b e s t  r ada r  measurement a c c u r a c i e s  a r e  only marginal  
f o r  Lacrosse ,  and because t he  suggested e x t r a p o l a t i o n s  may be over- 
o p t i m i s t i c ,  t h e  recommendation i s  made t h a t  t h e  use of r ada r  i n  a  
Lacrosse system of guidance should no t  r e c e i v e  top p r i o r i t y .  

3 .3  Radar Guidance of Lacrosse M i s s i l e  

3 . 3 . 1  Having found t h a t  t h e  b e s t  r a d a r  measurement a c c u r a c i e s  t o  be 
expected i n  t h e  near  f u t u r e  a r e  no t  s e r i o u s l y  d e f i c i e n t  f o r  guidance 
purposes  (Appendix 11, Sec. 4 ) ;  and having found t h a t  r a d a r  f i e l d  equip- 
ment r equ i r ed  a t  t h e  forward c o n t r o l  s t a t i o n  might be b u i l t  t o  t h e  
s p e c i f i c a t i o n s  f o r  s i z e  and weight (Appendix 11, Sec. 5 . 3 ) ,  i t  was 
decided t o  c a r r y  through ana lyses  of t y p i c a l  systems of guidance by 
command employing r ada r  a t  t he  o b s e r v e r ' s  p o s i t i o n  i n  o r d e r  t o  have 
e s t i m a t e s  bf t h e  probable e r r o r s  of m i s s  a t  t h e  t a r g e t .  A machine was 
no t  a v a i l a b l e  f o r  handl ing t h e  complete s e t  of non - l i nea r  equa t ions  
d e s c r i b i n g  a  system, but i t  was p o s s i b l e  t o  t r e a t  t h e  system a s  a  com- 
p l ex  s e rvo  mechanism whose behavior ,  i n  some r e s p e c t s ,  could be 
p red i c t ed  w e l l  enough by servo  mechanism theory  u s ing  l i n e a r i z e d  
equa t ions .  S p e c i f i c a l l y ,  t he  s t a b i l i t y  of  each system was i n v e s t i g a t e d  
and t h e  p r i n c i p a l  c o n t r i b u t i o n s  t o  t h e  t o t a l  e r r o r  were e s t ima ted ,  
(Appendix 111 ) .  - /See e x t r a c t  from Appendix IIC/ 

3.4  Range-Only Radio Locat ion Accuracies  

3 . 4 . 0  A r e a l i z a t i o n  of t he  l i m i t i n g  a c c u r a c i e s  of measurement which can 
be had wi th  r ada r  pu l se  techniques nat-.urally fo rced  a t t e n t i o n  t o  phase 



comparison (cycle-counting)  methods where the  ind ica t ed  p r e c i s i o n  of 
range measurement was orders  of magnitude b e t t e r .  

3 . 4 . 1  It was found (Sec. 7 ,  Appendix 11)  t h a t  p r a c t i c a l  f i e l d  t e s t s  
have a l r e a d y  proved conclusively t h a t  range measurements between a  
roving  t e s t  po in t  and f ixed  ground p o i n t s  could be made t o  _+ 0 .5  f t .  
wi th  compact, l i g h t  equipment which meets a l l  Lacrosse requirements i n  
t hese  r e s p e c t s .  

3 .4 .2  The a n a l y s i s  of a  te rmina l  guidance system, employing cycle-  
count ing mis s i l e - to -con t ro l -po in t  range information only,  r equ i r e s  a  
knowledge of the  accu rac i e s  t o  be expected i n - t h e  computation of t he  
three-dimensional  p o s i t i o n  coord ina tes  of t he  t racked m i s s i l e .  These 
a c c u r a c i e s  have been inves t iga t ed  (Sec.  8 ,  Appendix 11)  i n  order  t o  
determine t h e  dependence of t h e i r  magnitudes upon geometry, and, hence, 
the  r equ i r ed  ranging s t a t  ion con£ igura  t i o n s .  

3 .4 .2 .1  Range da ta  give the  fol lowing information:  

S ingle  range s t a t i o n  - Spher i ca l  su r f ace  p o s i t i o n ;  
t he  zone of unce r t a in ty  being the  s p h e r i c a l  s h e l l  
of th ickness  equal  t o  t h e  unce r t a in ty  i n  range. 

Two range s t a t i o n s  - C i r c u l a r  " l ine"  of p o s i t i o n ;  
t h e  zone of unce r t a in ty  being: 

( a )  The annular  space common t o  two i n t e r s e c t i n g  
s p h e r i c a l  s h e l l s ,  o r  

(b)  The annular  space common t o  a  hyperboloidal  
s h e l l  (range d i f f e r e n c e )  and an  i n t e r s e c t i n g  
e l l i p s o i d a l  s h e l l  ( range  sum) 

Three range s t a t i o n s  - "Point1' p o s i t i o n ;  t he  s i z e  
and geometr ical  shape of the  zone of unce r t a in ty  - 
depends upon the  magnitudes of the  range e r r o r s  
and upon t h e  p a r t i c u l a r  combination of ranges,  
range-d i f fe rences ,  and range-sums used t o  de f ine  
the  p o s i t  ion.  

3 .4 .2 .2  It was found (Sec. 8 .2 ,  Appendix 11 )  t h a t  r ega rd l e s s  of the  
t rea tment  given the  range d a t a ,  i f  only range s t a t i o n s  on the ground a r e  
used, t h e  p o s i t i o n  i n  the  v e r t i c a l  w i l l  be known wi th  the  l e a s t  p rec i s ion  
a s  t h e  m i s s i l e  approaches the  t a r g e t ,  and,  s p e c i f i c a l l y ,  t he  q u a l i t y  of 
t h e  a l t i t u d e  p o s i t i o n  measurement d e t e r i o r a t e s  r ap id ly  a s  the r a t i o :  
(ground range / m i s s i l e  a l t i t u d e )  exceeds 4  of 5.  

3 .4 .3  It i s  concluded t h a t  t o  have adequate  c o n t r o l  i n  t he  v e r t i c a l ,  
t h r e e  ranging s t a t i o n s  must be e s t a b l i s h e d  wi th in  500 f e e t  of the t a r g e t ,  
i f  range measurements a r e  uncer ta in  t o  0 .5  f o o t .  From the  t a c t i c a l  view- 
p o i n t  t hese  condi t ions  a r e  very seve re ,  and probably unacceptable.  How- 
eve r ,  p o s i t i o n  accu rac i e s  i n  ground range and azimuth would be extremely 
good under r e a l i z a b l e  s t a t i o n  condigura t ions  s o  t h a t  the discovery of an  
a u x i l i a r y  means of c o n t r o l l i n g  the  m i s s i l e  i n  let-down would permit the  
syn thes i s  of a  Lacrosse system i n  which nea r ly  a l l  t he  f i n a l  e r r o r  i n  
s t r i k i n g  t h e  po in t  of aim would be due t o  aerodynamic e r r o r .  



3 . 5  Shut t lecock  

3 . 5 . 1  Although M r .  Swartzel  proposed a  h e l i c o p t e r  f o r  t h e  Lacrosse 
m i s s i l e  i n  t h e  e a r l y  d i s cus s ions  of t h e  problem of t e rmina l  guidance, 
i t s  p o t e n t i a l i t i e s  were i nves t i ga t ed  s e r i o u s l y  only a f t e r  the  l i m i t a t i o n s  
of a l t e r n a t i v e  schemes appeared. The Corne l l  Aeronaut ica  1 ~ a b o r a t o r y  's  
s t u d i e s  (Appendices I V  and V) considered t h e  two important ques t ions :  

(1)  Can a  rocke t -he l i cop te r  (Shu.tt lecock)  be 
designed which would s e rve  f o r  Lacrosse? 

(2)  What a r e  t he  p o s s i b i l i t i e s  f o r  guidance of 
t h i s  type of vehic le?  

3 .5  2  Shut t lecock  Design 

3 . 5 . 2 . 1  The proposed shu t t l ecock  (Appendix IV) combines t he  cha rac t e r -  
i s t i c s  of a  rocke t  i n  i t s  launching and mid-course phases; and the  
c o n t r o l l a b i l i t y ,  maneuverabi l i ty ,  and speed range of a  h e l i c o p t e r  i n  t h e  
te rmina l  phase. It c o n s i s t s  of two main assembl ies  i nd i ca t ed  i n  F ig .  1, 
Appendix I V :  (1)  t he  t a i l  u n i t  of rocke t  and s t a b i l i z i n g  f i n s ;  and (2) 
the  h e l i c o p t e r  head c o n s i s t i n g  of r o t o r  ram-jet  powered a t  t h e  blade 
t i p s ,  f u e l ,  c o n t r o l s ,  i n t e l l i g e n c e  system, and warhead. When t h e  pro- 
j e c t i l e  reaches the  c o n t r o l  a r ea  over  t h e  t a r g e t ,  t h e  t a i l  s e c t i o n  i s  
c a s t  o f f ;  t h e  r o t o r  b lades  unfo ld ;  and t h e  h e l i c o p t e r  proceeds under 
e i t h e r  a u t h o r i ~ a t i v e  cr powered f l i g h t .  

3 . 5 . 2 . 2  The composite d e s i g ~  a p p l i e s  p r i n c i p l e s  a l r e a d y  s u c c e s s f u l l y  
employed i n  r o t o r  sus t a ined  a i r c r a f t .  When under power, s t a b i l i z e d  
motion i n  t h e  v e r t i c a l  may be vari.ed from 20 f t / s e c  cl imb t o  80 f t / s e c  
descent  by means of c o l l e c t i v e  p i t c h  c o n t r o l  of t h e  r o t o r  b lades .  
Hor izonta l  v e l o c i t i e s  t o  g r e a t e r  than 150 f t / s e c  can be a t t a i n e d  by a x i s  
t i l t  of t h e  r o t o r .  It i s  es t imated  t h a t  a  h e l i c o p t e r  capable  of d e l i v e r -  
i ng  a  100 lb .  warhead w i l l  have a  g ros s  weight of about  325 l b .  and i t s  
r o t o r  span w i l l  be 10 f t .  i n  d iameter?  The a d d i t i o n a l  weight of t h e  
rocke t  assembly f o r  a  m i s s i l e  having a  t o t a l  range of 12,000 yards  
would be 525 l b s .  

3 .5 .3  He l i cop te r  Guidance 

3 .5 .3 .1  There i s  no suggested method of t e rmina l  guidance,  from the  
s imp le s t  t o  the  most complex f o r  which t h e  h e l i c o p t e r ,  because of i t s  
unique maneuverab i l i ty ,  i s  not. i d e a l l y  s u i t e d .  The r e p o r t  (Appendix V) 
i s  devoted l a r g e l y  t o  a  cons ide ra t i on  of the  f a c t  of the  forward 
o b s e r v e r ' s  v i s u a l  con tac t  wi th  t he  t a r g e t ,  and of t he  p o s s i b i l i t y  of 
us ing  s imple 0ptic.a 1 equipment f o r  a c q u i r i n g  and t r a c k i n g  the  h e l i c o p t e r  
m i s s i l e .  Command guidance by s i g n a l s  from a  manually opera ted  c o n t r o l l e r  
would be f e a s i b l e  wi th  t h i s  system, because of t h e  a b i l i t y  of t h e  
h e l i c o p t e r  t o  hover.  

3 .5 .3 .2  S ince  the  h e l i c o p t e r  can come i n t o  t h e  t a r g e t  on a  s t e e p ,  o r  
even v e r t i c a l ,  t r a j e c t o r y ,  au tomat ic  c o n t r o l  u t i l i z i n g  range only da t a  
should be easy t o  ach ieve .  

3 .5 .4  Warhead 

3 , 5 . 4 . 1  Any system of command guidance w i l l  r e q u i r e  t h e  es tab l i shment  of 
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a "known" d i r e c t i o n  i n  t h e  m i s s i l e  f o r  purposes  of c o n t r o l .  It seems 
e n t i r e l y  p o s s i b l e  t o  work from t h i s  r e f e r ence  t o  o r i e n t  t h e  shaped 
charge warhead i n  any des i r ed  d i r e c t i o n  and thereby inc rease  t h e  u se fu l -  
ness  of the  m i s s i l e  a g a i n s t  a  v a r i e t y  of t a r g e t s .  

3 . 5 . 5  V u l n e r a b i l i t y  

The most s e r i o u s  ques t i on  of  t h e  a c c e p t a b i l i t y  of a  h e l i c o p t e r  
type m i s s i l e  f o r  Lacrosse i s  i t s  v u l n e r a b i l i t y  dur ing  t h e  f i n a l  approach 
t o  t h e  t a r g e t .  Given t h e  time t o  maneuver t h e  c r a f t  a s  slowly a s  i s  
r equ i r ed  t o  s e t t l e  i t  upon the  t a r g e t ,  o r  t h e  oppor tun i ty  t o  make 
succes s ive  approaches,  t he re  i s  l i t t l e  doubt t h a t  a  s a t i s f a c t o r y  h i t  
can be made. The m i s s i l e ' s  small  s i z e ,  and i t s  a b i l i t y  t o  come i n  h igh ,  
low, o r  from any a n g l e  a r e  f a c t o r s  i n  i t s  f avo r ;  but  i t  i s  bel ieved t h a t  
f i e l d  tests  should be made t o  p l ace  t h i s  p o i n t  of deba te  ou t s ide  t h e  
a r e a  of pure specu la t i on .  

3 . 5 . 6  Taken t o g e t h e r ,  t h e  s h u t t l e c o c k  proposa ls  show t h a t  t h i s  m i s s i l e  
would meet admirably many of the  Lacrosse M i l i t a r y  C h a r a c t e r i s t i c s  most 
d i f f i c u l t  t o  ach i eve ,  but no a n a l y s i s  l e ad ing  t o  a  numerical e s t i m a t e  
of t h e  accuracy  of guidance i s  p o s s i b l e  wi thout  da ta  on a n  a c t u a l  small  
unmanned h e l i c o p t e r .  Development of t he  l a t t e r  i s  a  r e sea rch  problem 
which must be t h e  f i r s t  s t e p  i f  t he se  p roposa l s  a r e  followed up. 

4 .  TARGET SURVEY PROBLEM 

4 .0  Proper  i d e n t i f i c a t i o n  o r  survey of t h e  t a r g e t  would remain a n  
inescapable  duty of t he  forward observer ,  even i f  au tomat ic  guidance 
were t o  r e l i e v e  him of a l l  r e s p o n s i b i l i t y  f o r  c o n t r o l l i n g  t he  m i s s i l e .  
No m a t t e r  what system of guidance i s  chosen, t he  e s t i m a t e  of t h e  t o t a l  
e r r o r  of m i s s  must a l s o  inc lude  the  e r r o r s  of t a r g e t  survey.  F igures  
f o r  the  l a t t e r  a r e  s t i l l  l a r g e l y  s p e c u l a t i v e ,  and more r e l i a b l e  ones 
can be go t  only a f t e r  a ' p r e a i s e  s ta tement  i s  made of what i s  r equ i r ed .  

4 . 1  For Homing Guidance 

4 . 1 . 1  This  survey problem c o n s i s t s  of making o r  i l l u m i n a t i n g  t h e  t a r g e t  
by p l a c i n g  upon i t  something which t h e  m i s s i l e  can i d e n t i f y  and use t o  
home upon. The s t a t i s t i c a l  probable  e r r o r  of maker placement i s  t he  
fundamental q u a n t i t y  requi red .  This  i s  a  measure of t h e  random 
d i s p e r s i o n  e x i s t i n g  a f t e r  t he  announcement i s  made t h a t  a  marker has  
been p laced  on t h e  t a r g e t .  

4 . 1 , 2  Sys temat ic  e r r o r s  of obse rva t ion  a r e  p o s s i b l e ,  bu t  i t  i s  expected 
t h a t  t h e  p r i n c i p a l  elements w i l l  be t h e  primary e r r o r  of m i s s  i n  
throwing, lobbing,  and dropping, o r  shoo t ing  t h e  beacon o r  f l a r e ;  and 
t h e  secondary e r r o r  of bounce o r  r o l l  a f t e r  impact.  With r a d i o  beacons 
t h e r e  i s  a l s o  ano the r  p o s s i b l e  source  of secondary e r r o r ;  namely, t he  
spu r ious  i n d i c a t i o n s  due t o  r e f l e c t e d  images. Determinat ion of t h e  
l a t t e r  may be most d i f f i c u l t .  

4 .2  For non-homing guidance 

The problem he re  i s  t o  a s s i g n  t o  t h e  t a r g e t  t h r e e  numbers which 
a r e  i t s  p o s i t i o n  coord ina tes  w i th  r e s p e c t  t o  a  given s e t  of coord ina te  
axes  o r  a known r e f e r ence  p o i n t .  The fundamental q u a n t i t i e s  requi red  



a r e  t h e  probable e r r o r s  of each of t h e  t h r e e  numbers which a r e  placed i n  
the computer. 

4 . 3  Many sys temat ic  e r r o r s  may be e l imina ted  i f  t he  guidance system 
employs t h e  same instrument o r  technique f o r  determining t h e  m i s s i l e  
p o s i t i o n  a s  i s  used t o  loca te  t he  t a r g e t ;  but  t h e r e  w i l l  remain the  
accumulated random e r r o r  due t o  e r r o r s  of observa t ion ,  s c a l e  reading,  
t r a n s l a t i o n  of d a t a ,  e t c .  

4 . 4  It should be pointed out he re ,  t h a t  where let-down i s  a  s e r i o u s  
problem (Sec. 3 . 4 ) ,  the  same d i f f i c u l t i e s  i n  l o c a t i n g  the  m i s s i l e  i n  t he  
v e r t i c a l  d i r e c t i o n  a r e  encountered when the  v e r t i c a l  p o s i t i o n  of t h e  
t a r g e t  i s  sought.  

5 .  GENERAL CONCLUSIONS AND RECOMMENDATIONS 

5 . 0  This  s tudy has shown t h a t  t he re  a r e  s e v e r a l  poss ib l e  ways of 
achiev ing  the  guidance accuracy requi red  f o r  Lacrosse.  It i s  be l ieved  
t h a t  the  most promising, and t h e r e f o r e  deserv ing  of f i r s t  cons ide ra t ion ,  
a r e :  Homing, Guidance Along a  Way e s t a b l i s h e d  by Cycle-counting, and 
Shut t lecock  Development. Each of t hese  has secondary problems of con- 
s i d e r a b l e  importance and of a  cha rac t e r  r e q u i r i n g  a  d i f f e r e n t  approach 
f o r  t h e i r  s o l u t i o n  than t h a t  used s o  f a r .  

5 .1  The choice of a  system f o r  i n t e n s i v e  development can b e t t e r  be 
made a f t e r  LpractZcaT labora tory  and f i e l d  t e s t s  have given the  answers 
t o  a  number of q u e ~ t i o n s  having both t e c h n i c a l  and t a c t i c a l  a spec t s :  

For the  purpose of homing, can a  beacon be 
placed upon the  t a r g e t  by a  method which i s  
accu ra t e  enough and a l s o  t a c t i c a l l y  accep t -  
a b l e ?  

For guidance from a c o n t r o l  po in t  o r  a l o n g  a  
way, can the t a r g e t  p o s i t i o n  coord ina tes  be 
de te ,mined  by a  method which i s  a c c u r a t e  
enough and a l s o  t a c t i c a  l l y  acceptab le?  

Can m i s s i l e  let-down be achieved by inde-  
pendent guidance method which i s  a c c u r a t e  
enough and t a c t i c a l l y  acceptab le?  

From f l i g h t s  with a  manned h e l i c o p t e r  i s  i t  
poss ib l e  t o  judge the  a c c e p t a b i l i t y  of t h e  
proposed shut t lecock  a s  regards  accuracy  and 
v u l n e r a b i l i t y ?  

Can the  ca l cu la t ed  l i m i t a t i o n s  of measurement 
i n  the  v e r t i c a l  by cyc le-count ing  techniques 
be v e r i f i e d  by experiment? 

I f  used aga ins t  a  f i xed  ground t a r g e t  s u i t a b l y  
ma.rked, would homing systems now under develop- 
ment be a c c c r a t e  enough f o r  Lacrosse? 

To what ex t en t  would a  beacon i n  t he  m i s s i l e  and 
f u r t h e r  cooperat ion of t h e  m i s s i l e  improve the  



tracking and reduce the size and weight of 
ground station radar equipment? 

8. Are there existing airframes of conventional 
design which would serve for Lacrosse? 

9. Can the helicopter part of the shuttlecock be 
build? 

10. Can beacons suitable for homing or for cycle- 
counting target identification be built? 

5 . 2  If the same basic philosophy, hitherto followed, is retained in 
seeking the answers to the above questions and in choosing and synthe- 
sizing the Lacrosse system, a very close liaison must be established 
with other projects so that their most recent results may be used at the 
time of final decision. Specifically, the flights now being carried out 
in the Meteor, Kingfisher, and Bumblebee programs will provide im- 
portant design data on airframes, seeker systems, and control equipment 
as well as information on guidance performance; field tests now being 
made by Raydist and others employing cycle-counting techniques are of 
particular significance to the Lacrosse survey and guidance problems; 
unmanned remotely controlled helicopters have many military applications 
other than Lacrosse, and, if their development were undertaken by Bell, 
Goodyear, Hiller, McDonnell, or CAL, for mine-laying, beacon placement, 
etc., the results would be very valuable in the proper evaluation of 
this proposed vehicle. 

5.3 It is recommended that further investigations in the following 
three directions be undertaken: 

1. Field tests by the Marine Corps which will attack the 
problems of target survey and missile let-down, and 
which will attempt to assess the maneuverability and 
vulnerability of the proposed helicopter under combat 
conditions. 

2. Follow-up of other projects (Kingfisher, Meteor, 
Raydist, etc.,) making arrangements for tests of 
particular significance to Lacrosse. 

3 .  Modest development programs to show: 

(a) That the remotely controlled helicopter is 
feasible; and 

(b) That suitable beacons can be built for mark- 
ing or surveying-in a target. 
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3.5 Sumary and Conclusions of the Homing Guidance Analysis 

3.5.1 Differential analyzer investigations of the equations of the 
pitch motion of a slow speed conventional type airframe have shown that 
the probable aerodynamic error, using homing guidance signals of the 
rate of change sf target bearing or the interferometer approximation 
thereto, will probably lie within the Lacrosse specifications even with 
considerable allowance made for system "dead space", 

3.5.2 Seeker, gyro, and servo components exist which may be expected 
to meet the performance specifications assigned to them by the mathe- 
matical analyses. 

3.5.3 Although motions in roll and yaw were not investigated with 
comparable thoroughness, it is believed that the results for pitch may 
be used to set design requirements which, if met, will yield satis- 
factory performance in roll and yaw. These requirements do not appear 
to be overly severe. 

3.5.4 The problem of target survey for homing, i.e., the placement 
of a suitable beacon or marker upon the target by a method which is 
accurate enough and tactically acceptable, has not been investigated, 
and the adoption of a homing system for Lacrosse is not recommended 
until practical field and laboratory tests have supplied survey data 
upon which a fair judgment of homing in comparison with alternative 
methods of guidance can be made. 
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3 . 1  I n v e s t i g a t i o n s  have shown cons ide rab le  evidence of f e a s i b i l i t y  
i n  u t i l i z i n g  a  h e l i c o p t e r  type m i s s i l e  i n  Lacrosse a p p l i c a t i o n s .  The 
proposed Shutt lecock (combination rocke t -he l i cop te r  mi s s i l e )  o f f e r s  a  
means of br inging  toge the r  extremes i n  t e c h n i c a l  s p e c i f i c a t i o n s  f o r  
m i s s i l e  guidance which a r e  d i c t a t e d  by t h e  m i l i t a r y  need f o r  a h ighly  
maneuverable c l o s e  support  m i s s i l e ,  capable  of being guided w i t h  h igh  
p r e c i s i o n  t o  a  p inpoin t  t a r g e t .  Of t he  s e v e r a l  non-homing guidance 
techniques inves t iga t ed  dur ing  t h e  course  of t h i s  p r o j e c t ,  t h e  Shu t t l e -  
cock technique i s  considered t o  be t h e  most promising f o r  Lacrosse. 

3 . 2 , l  Radar accuracy i n v e s t i g a t i o n s  have led  t o  t h e  conclusion t h a t  
t h e  b e s t  accu rac i e s  a s soc i a t ed  w i t h  t h e  present  s t a t e  of t h e  r a d a r  a r t  
a r e  a s  follows: + 5 yards p.e. i n  range and + 1 m i l  p .e .  i n  angle ;  
+ - 5 ya rds l sec .  p.e.  i n  range r a t e  and + 0.25 m i l s l s e c .  p .e .  i n  angle  
r a t e  f o r  2 second smoothing time. On t h e  b a s i s  of e s t ima te s  and opinions 
from s e v e r a l  sources ,  t h e  most o p t i m i s t i c  f o r e c a s t  on improvement i n  the 
s t a t e  of t h e  r ada r  a r t  dur ing  t h e  next  few yea r s  may be expressed a s  
fol lows:  under favorable  ope ra t ing  c o n d i t i o n s ,  microwave r a d a r  may be 
improved by about  f i f t y  percent  i n  range accuracy and by an o r d e r  of 
magnitude i n  angle  accuracy. It is  concluded t h a t  pu lse  echo r ada r  
o f f e r s  marginal  accuracy a s  a  measurement method f o r  t h e  use i n  Lacrosse 
and t h a t  equipment weight would be exces s ive  f o r  Lacrosse. 

3 .2 .2  I f  t h e  Lacrosse m i s s i l e  i s  equipped w i t h  a  r ada r  beacon, the  
p o s s i b i l i t y  of designing po r t ab l e  r ada r  equipment f o r  a  Lacrosse 
guidance system appears q u i t e  favorable .  However, t h e  + 5 yard p.e.  
d e s i r e d  f o r  Lacrosse accuracy a t  t he  t a r g e t  i s  no t  considered a  f ea -  
s i b l e  goa l  f o r  t h e  near  f u t u r e  i f  t h e  r a d a r  guidance equipment must be 
of t he  man-pack v a r i e t y .  

3 .2 .3  I n v e s t i g a t i o n s  of t h e  p o s s i b i l i t y  of gu id ing  a  Lacrosse 
m i s s i l e  w i t h  requi red  p rec i s ion  were conducted on the  bas i s  of assuming 
(a) r ada r  performance somewhat b e t t e r  t han  t h a t  p r e s e n t l y  a t t a i n a b l e ,  
and (b) reasonable  allowances f o r  engineer ing  compromises t o  o b t a i n  
rugged, po r t ab l e  equipment. I n  t h e  case  of  guidance along a  p r e s e t  
t r a j e c t o r y ,  t h e  ground radar  i s  s imple and amply a c c u r a t e ,  bu t  t h e  



missile response to control orders is such that the overall accuracy 
cannot be securely met. In the case of guidance along a homing-type 
course, the missile performance is adequate, but measurement and com- 
putation noise appear almost too high. The utilization of radar for 
Lacrosse is regarded a fair (even if costly) gamble, which should take 
less than top priority as compared with other promising methods. 

3.3 Range-only radio location accuracy investigations have 
established that both the measurement accuracy and bulk characteristics 
of phase comparison ranging equipment satisfy Lacrosse specifications. 
Representative range-only guidance systems were analyzed on the basis 
of investigations dealing with the inter-relation of uncertainties in 
range measurement, uncertainty in missile position, and range station 
configuration. It was concluded that if three-dimensional terminal 
guidance based on range-only radio location of the missile were subject 
to Lacrosse accuracy requirements, the forward stations would have to 
be very close to the target - exactly how close depends upon the magni- 
tude of range-measurement uncertainties encountered under tactical 
conditions. For an uncertainty in range measurement of 0.5 feet, it is 
doubtful that the forward stations could be more than a few hundred 
feet from the target. With the realization of anticipated improvement 
in the precision of phase comparison ranging methods, the possibilities 
of utilizing range-only radio location in Lacrosse terminal guidance 
would be more favorable. 
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* * * * * * * 
Discussion and Recommendations 

5.50 The residual uncertainties of any theoretical design study are 
large or small according to the availability of similar systems or ex- 
perimental data from which to extrapolate. In the case of this report, 
several of the essential data had to be prophesied rather than reported, 
and the residual uncertainty is therefore not small. Furthermore, the 
results do not speak with assurance that the accuracy specified (+_ 5 
yards probable error) can or cannot be obtained, although they do leave 
a slight bias in favor of their possible future realization. Because of 
the augmenting effect of simultaneous error in both pitch and yaw motions 
of the plane, the bias in favor of realization is small. 

5.51 The possibility of developing Lacrosse as a weapon usable in 
combat is barely good enough to justify the cost of the enterprise if 
there is real tactical need for such a device with its inherent 
limitations. Some of these limitations are the following: 

Guidance outpost exposed to enemy fire. 

Radar dish must usually be able to see the target and 
will probably be above the horizon at all times while 
in use. 

Missile moves 200 ft/sec, which is a fairly slow air- 
plane speed; thus the missile is vulnerable to enemy 
fire. 

Electro-mechanical computers of the required accuracy 
are precision instruments whose engineering into 
mud-proof shock-proof units is not impossible, but 
will require very careful engineering to have a chance 
to provide weapons as rugged as they should be. Field 
maintenance will be difficult. 

The training and experience required by personnel 
of the forward party are not small. The acquiring of 
a missile would be difficult and exacting work for 
men under fire. 

The system is vulnerable to know radar countermeasures. 



5.52 It appears that the key decisions as to whether experimental 
and development work should be done on the Lacrosse radar problem are 
that of whether (a) radar guidance is the best available, and (b) the 
infantry needs the Lacrosse weapon badly enough to gamble a million 
dollars or so (and two or three years time of a competent crew of 
scientists) on what appears practically an even chance. This theore- 
tical investigation shows that such a program would provide a missile 
guidance system whose accuracy might be as good as present requirements. 
(There is scant margin for the future refinement of performance which 
is usually demanded in practice.) It is recommended that the decision 
on Lacrosse radar development future be sought on the basis that it is 
a reasonably good gamble, but no certainty. Any other method that looks 
better should take priority. 

5.53 The point where this investigation is least conclusive is in 
the angular noise level of simultaneous-lobing tracking radar. Further 
exploration of this problem is recommended as more performance data 
became available from such projects as that described in Reference (m). 

5.54 The time and data available did not permit a conclusive 
investigation of overall guidance error in the homing-type course to 
be made. It is recommended that the noise level and loop-stiffness 
result specified in Section 4 be scrutinized in connection with homing 
data in possession of APLiJHU so as to establish the estimate of 
accuracy (paragraph 5.42) on firmer ground. 

UNCLASSIFIED . 
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GENERAL DESCRIPTION OF SHUTTLECOCK 

The Lacrosse  problem r e q u i r e s  a  m i s s i l e  which,  a f t e r  launching from a 
r e a r  b a s e ,  can  be guided w i t h  extreme a c c u r a c y  t o  t h e  t a r g e t  by means of 
a p o r t a b l e  guidance sys tem c a r r i e d  by a forward o b s e r v e r .  D e s i r a b l e  
c h a r a c t e r i s t i c s  o f  such a  m i s s i l e  appear  t o  be: 

1. High d e l i v e r y  speed ,  p r e f e r a b l y  s u p e r s o n i c ,  t o  t h e  
p o i n t  where t h e  forward o b s e r v e r  assumes c o n t r o l .  

2 .  Extreme c o n t r o l l a b i l i t y  and m a n e u v e r a b i l i t y  d u r i n g  
t h e  p e r i o d  o f  t e r m i n a l  guidance.  t o  t h e  t a r g e t .  

3 .  L i g h t  w e i g h t ,  low c o s t ,  and s i m p l i c i t y .  

4 .  A d a p t a b i l i t y  t o  a  s imple  command gu idance  sys tem i n  
t h e  t e r m i n a l  phase .  

A  m i s s i l e  c o n f i g u r a t i o n ,  d e s i g n a t e d  t h e  "Shut t l ecock"  because o f  t h e  
s i m i l a r i t y  of i t s  f l i g h t  p a t h  t o  t h a t  o f  t h e  badminton s h u t t l e c o c k ,  has  
been conceived s p e c i f i c a l l y  t o  meet t h e s e  r e q u i r e m e n t s .  Whereas a n  
aimed, unguided r o c k e t  would m e e t  t h e  requ i rement  o f  h i g h  speed d e l i v e r y  
t o  t h e  g e n e r a l  r e g i o n  of t h e  t a r g e t ,  ext reme a c c u r a c y  i n  f i n a l  placement 
o f  such  a m i s s i l e  would r e q u i r e  a  v e r y  compl ica ted  guidance sys tem.  By 
c o n t r a s t ,  a  s low speed ,  h i g h l y  maneuverable m i s s i l e  can be p o s i t i o n e d  
v e r y  a c c u r a t e l y  by a  s imple  manual ly  o p e r a t e d  command system.  The 
Lacrosse  problem, t h e r e f o r e ,  a p p e a r s  t o  r e q u i r e  a  m i s s i l e  which h a s  t h e  
b a l l i s t i c  f l i g h t  pa th  o f  a r o c k e t  i n  i t s  l aunch ing  and mid-course phases  
and t h e  c o n t r o l l a b i l i t y ,  m a n e u v e r a b i l i t y ,  and speed range  o f  a  h e l i c o p t e r  
i n  t h e  t e r m i n a l  phase.  The S h u t t l e c o c k  is  a  h y b r i d  a i r c r a f t  which 
p o s s e s s e s  t h e s e  p r o p e r t i e s .  E s s e n t i a l l y  i t  c o n s i s t s  of t h e  two main 
a s s e m b l i e s  i n d i c a t e d  on F i g u r e  1 These a r e  (1) t h e  t a i l  assembly u n i t  
c o n s i s t i n g  o f  l aunch ing  r o c k e t  and s t a b i l i z i n g  f i n s  and (2) t h e  S h u t t l e -  
cock h e l i c o p t e r  u n i t  c o n s i s t i n g  o f  s u s t a i n i n g  r o t o r  and c o n t r o l s ,  
i n t e l l i g e n c e  sys tem,  and warhead.  The S h u t t l e c o c k  h e l i c o p t e r  u n i t  r e -  
mains a i r b o r n e  a t  a l l  s t a g e s  f o l l o w i n g  l aunch ing .  Fol lowing d e l i v e r y  o f  
t h e  S h u t t l e c o c k  p r o j e c t i l e  t o  t h e  t a r g e t  a r e a ,  t h e  t a i l  u n i t  i s  dropped 
and t h e  S h u t t l e c o c k  h e l i c o p t e r  remains  i n  f l i g h t ,  C o n t r o l  of t h e  
S h u t t l e c o c k  h e l i c o p t e r  f o l l o w i n g  s e p a r a t i o n  from t h e  t a i l  u n i t  can  be 



accomplished partially by automatic means and partially by radio command 
signals from the ground operator, as described in Reference I. 

CONCLUS IONS 

It is concluded from the foregoing investigation that the proposed 
design of a Shuttlecock missile fulfills the requirements of Lacrosse. 
It is indicated that the development of a satisfactory Shuttlecock 
missile is practical, and that such development can be accomplished by 
combining a series of separate developments which have been successfully 
demonstrated to date. It appears that an adequate Shuttlecock develop- 
ment would entail a basic research and development program which, in 
turn, would require major substantiating experimental and flight test 
investigations. 
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2.0 INTRODUCTION 

2 .1  I n  cons ider ing  a h e l i c o p t e r  type m i s s i l e  f o r  Lacrosse,  i t  i s  
w e l l  t o  r e f l e c t  momentarily on the bas i c  Lacrosse philosophy a s  formu- 
l a t e d  i n  e a r l y  meetings of the  Lacrosse Board: I n  t he  Lacrosse oper- 
a t i o n ,  v i s u a l  c o n t r a c t  of a forward observer  w i t h  a s e l e c t e d  p inpoin t  
t a r g e t  must e n t e r  i n t o  the  te rmina l  guidance of a Lacrosse m i s s i l e  i f  
t h e  guidance accuracy requirements a r e  t o  be considered f e a s i b l e .  

2.2 A guidance system which makes d i r e c t  u se  of t he  forward 
obse rve r ' s  v i s u a l  con tac t  would conceivably achieve  g r e a t e r  accuracy 
than one which must accept  e r r o r s  i n  t h e  t a r g e t  survey o r  t a r g e t  marking, 
and which a l s o  must accept  e r r o r s  i n  t h e  a p p l i c a t i o n  of t h i s  observed 
information t o  m i s s i l e  guidance. A homing guidance system must u t i l i z e  
t he  forward obse rve r ' s  v i s u a l  con tac t  i n  marking t h e  t a r g e t ,  e . g . ,  i n  
lobbing a beacon o r  f l a r e  onto the  t a r g e t .  The non-homing systems 
considered thus  f a r  f o r  Lacrosse must u t i l i z e  t h e  forward obse rve r ' s  
v i s u a l  con tac t  i n  making a survey t o  o b t a i n  t a r g e t  p o s i t i o n  d a t a .  With 
a h e l i c o p t e r  type Lacrosse m i s s i l e ,  d i r e c t  use may be made of  t h e  
o b s e r v e r ' s  v i s u a l  con tac t  t o  accomplish t a r g e t  demol i t ion  co inc iden t  
w i t h  t a r g e t  marking. 

3 .o DISCUSSION 

3 . 1  General Guidance Considerat ions 

3 . 1 . 1  Severa l  p o s s i b i l i t i e s  f o r  guidance o r  remote c o n t r o l  of a 
h e l i c o p t e r  type m i s s i l e  can be conceived, involv ing  degrees of automatic 
c o n t r o l  ranging from t y p i c a l  drone o p e r a t i o n  by remote r a d i o  t o  f u l l y  
automatic  c o n t r o l  based on automatic  t r a c k i n g ,  homing, o r  some o the r  
guidance medium. Remote r a d i o  c o n t r o l  of a h e l i c o p t e r  type m i s s i l e  i s  
considered t o  be of f i r s t  i n t e r e s t  i n  Lacrosse,  however, because such 
c o n t r o l  i s  h ighly  compatible w i th  the  b a s i c  Lacrosse Philosophy, a s  
reviewed i n  Sec t ion  2.1.  

3 . 4  Shutt lecock Guidance 

3 . 4 . 1  A s  descr ibed i n  r e f e rence  1, the  Shut t lecock  i s  a h e l i c o p t e r  . 
type m i s s i l e  which would be launched a s  a p r o j e c t i l e ,  and would cont inue 



i n  f l i g h t  a long a  s e l ec t ed  t r a j e c t o r y  u n t i l  w i t h i n  v i s u a l  range of the  
forward observer .  A t  t h a t  t ime, t he  a f t  s e c t i o n  ( rocket  motor and t a i l  
s ec t ion )  of the  p r o j e c t i l e  would be shed,  leaving a  sub -un i t ,  the  
Shutt lecock h e l i c o p t e r ,  which would be flown a long  an a u t o - r o t a t i v e  
guide path i n t o  the  inmediate v i c i n i t y  of t h e  t a r g e t ,  employing a  l i f t -  
ing r o t o r  which would unfold a f t e r  t he  s e p a r a t i o n .  (Note sequence A ,  S, 
B y  C along the  t r a j e c t o r y  i n  drawing P-1-2695). A t  an app ropr i a t e  t ime,  
subsonic ram j e t s  i n  the  r o t o r  blade t i p s  would be placed i n  ope ra t ion ,  
and t h e  Shutt lecock flown i n t o  o r  hovered over t h e  t a r g e t .  

3 . 4 . 2  To f a c i l i t a t e  v i s u a l  a c q u i s i t i o n  by the  forward observer ,  i t  
would be d e s i r a b l e  t o  have the  d e l i v e r y  of t h e  Shutt lecock p r o j e c t i l e  
occur along a  t r a j e c t o r y  terminat ing a t  a  r eg ion  i n  space s p e c i f i e d  by 
the  forward observer .  Of course,  a  r eg ion  a s  c l o s e  t o  t he  t a r g e t  a s  
poss ib l e  would be se l ec t ed  not  only t o  f a c i l i t a t e  t he  forward o b s e r v e r ' s  
v i s u a l  a c q u i s i t i o n  but a l s o  t o  minimize t h e  v u l n e r a b i l i t y  of t h e  
Shutt lecock t o  enemy f i r e .  The forward observer  could e x e r c i s e  wide 
choice  i n  s e l e c t i n g  such a  reg ion ,  thus al lowing t a r g e t  a t t a c k  from 
almost any d i r e c t i o n ,  

3 .4 .3  Many f i e l d  s i t u a t i o n s  may be conceived where the  Shutt lecock 
p r o j e c t i l e  may be de l ivered  on the  b a s i s  of b a l l i s t i c  d a t a  w i th  s u f f i -  
c i e n t  accuracy t o  "h i t "  a  region i n  t h e  sky s p e c i f i e d  by the  forward 
observer .  Visua l  a c q u i s i t i o n  would thus  be f a c i l i t a t e d  not  only by 
d e l i v e r y  t o  a  po in t  spec i f i ed  by the  forward observer ,  but a l s o  by the  
f a c t  t h a t  conversion from a h igh-ve loc i ty  p r o j e c t i l e  t o  a  low-veloci ty  
h e l i c o p t e r  m i s s i l e  would occur a t  a  time b e s t  s u i t e d  t o  a i d  v i s u a l  
a c q a i s i t i o n .  Equipment a t  the launching s i t e  probably w i l l  inc lude  
f a c i l i t i e s  f o r  t r ack ing  the  Shut t lecock .  Accordingly, t he  launcher may 
a i d  v i s u a l  a c q u i s i t i o n  by the  forward observer  i f  necessary .  That i s ,  
Shutt lecock p o s i t i o n  d a t a  could be s e n t  over t h e  communication l i n k  
between the  launcher and the  forward observer  t o  keep the  l a t t e r  i n -  
formed of Shut t lecock pos i t i on  u n t i l  v i s u a l  a c q u i s i t i o n  had been con- 
firmed. Af t e r  v i s u a l  a c q u i s i t i o n ,  t h e  forward observer  would guide the  
Shutt lecock a s  a  drone,  u t i l i z i n g  i t s  hovering c a p a b i l i t i e s  a s  requi red  
dur ing  the  f i n a l  let-down. 

4.0 SUMMARY AND CONCLUSIONS 

4 . 1  I n v e s t i g a t i o n s  conducted thus  f a r  have shown cons iderable  
evidence of f e a s i b i l i t y  i n  u t i l i z i n g  a  h e l i c o p t e r  type m i s s i l e  i n  dea l -  
i ng  w i t h  t h e  Lacrosse guidance problem. The proposed Shutt lecock 
Lacrosse m i s s i l e  o f f e r s  a  means of br inging  toge the r  extremes i n  
t e c h n i c a l  s p e c i f i c a t i o n s  fo r  m i s s i l e  guidance which a r e  d i c t a t e d  by the  
m i l i t a r y  need f o r  a  highly maneuverable c l o s e  support  m i s s i l e ,  capable 
of being guided wi th  high prec is ion  t o  a  p in-poin t  t a r g e t .  It i s  
recommended t h a t  t h e  Bureau of Ordnance cons ider  development of the  
Shut t lecock  and o the r  he l i cop te r  type m i s s i l e s ,  
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SUGGESTED LACROSSE MISSILE SYSTEM DEVELOPMENT PROGRAM 

I n  t h i s  s e c t i o n  a program i s  o u t l i n e d  l e a d i n g  t o  development and 
f l i g h t  t e s t  o f  p r o t o t y p e  Lacrosse  m i s s i l e s  i n  a  t h r e e  y e a r  p e r i o d .  I t  
i s  proposed t o  accomplish  t h i s  r e s u l t  by f i r s t  deve lop ing  t h e  guidance 
sys tem and f l i g h t  t e s t i n g  i t  i n  a p i l o t e d  a i r p l a n e .  T e s t s  o f  t h e  
gu idance  sys tem by having i t  c o n t r o l  a n  a i r p l a n e  through an  a u t o p i l o t  
a r e  b e l i e v e d  t o  be advantageous i n  s h o r t e n i n g  t h e  development t ime ,  
r e d u c i n g  t h e  t e s t  c o s t ,  and p e r m i t t i n g  more complete i n s t r u m e n t a t i o n  and 
e v a l u a t i o n  of t h e  system. Bas ic  d e s i g n  o f  t h e  sys tem would be 
accomplished b e f o r e  f l i g h t  t e s t s  through u s e  o f  analogue computer s t u d i e s  
and by t h e  c o n s t r u c t i o n  and o p e r a t i o n  of a  s i m u l a t o r .  Fol lowing 
s u c c e s s f u l  a i r p l a n e  f l i g h t  t e s t s  t h e  a c t u a l  m i s s i l e  d e s i g n  would be 
completed and f l i g h t  t e s t e d .  

A c h a r t  l i s t i n g  t h e  s t e p s  b e l i e v e d  n e c e s s a r y  f o r  t h e  development 
program and t h e  proposed schedu le  i s  inc luded  a s  F i g .  12." The pro-  
posed program beg ins  w i t h  t h e  e x t e n s i o n  of t h e  analogue computer 
s t u d i e s ,  performed under t h e  c u r r e n t  t a s k ,  t o  more n e a r l y  o p t i m i z e  t h e  
sys tem.  Concur ren t ly  w i t h  t h e  analogue computer s t u d i e s ,  d e s i g n  and 
c o n s t r u c t i o n  of t h e  s i m u l a t o r  f o r  use i n  t e s t i n g  t h e  a c t u a l  sys tem 
components would be s t a r t e d .  Opera t ion  of t h i s  s i m u l a t o r  upon i t s  
comple t ion  would s e r v e  t o  op t imize  t h e  sys tem c o n s t a n t s  and t e s t  o u t  t h e  
components a s  they  a r e  developed.  During t h i s  p e r i o d  a r a d i o  pure  
range  measur ing system,  s u i t a b l e  f o r  use  i n  a i r p l a n e  t e s t s  of t h e  
complete sys tem,  would be des igned and b u i l t  by a  s u i t a b l e  c o n t r a c t o r .  
A s  a  f i r s t  phase i n  t h e  development o f  t h i s  equipment,  h e l i c o p t e r  
f l i g h t  t e s t s  of t h e  e f f e c t s  of a l t i t u d e  on t h e  accuracy  o f  r a d i o  range 
measur ing equipment would be made. An a v a i l a b l e  o p t i c a l  t r a c k i n g  u n i t  
would be s e l e c t e d  and adapted f o r  use  i n  t h e  a i r p l a n e  : l igh t  t e s t  
program. The computer necessa ry  ?or c o n v e r t i n g  t h e  ~ r a c ~ i n ~ ;  and range 
d a t a  i n t o  m i s s i l e  commands would be developed and s u i t a b l e  s t a n d a r d  
r a d i o  command equipment f o r  o p e r a t i n g  t h e  a i r p l a n e  a u t o p i l o t  would be 
s e l e c t e d .  An SNB a i r p l a n e ,  o r  e q u i v a l e n t ,  equipped w i t h  a u t o p i l o t  i s  
b e l i e v e d  s u i t a b l e  f o r  the  f l i g h t  t e s t .  Fol lowing s i m u l a t o r  tests of 
t h e  combinat ion of r a d i o  range equipment,  o p t i c a l  t r a c k i n g  u n i t ,  and 
computer and command l i n k ,  i n s t a l l a t i o n  of t h e  n e c e s s a r y  equipment 
would be made i n  t h e  a i r p l a n e  and f l i g h t s  commanded through a  d e s i g n a t e d  
p o i n t  i n  s p a c e .  The performance of t h e  sys tem would be e v a l u a t e d  by 
measur ing t h e  m i s s  d i s t a n c e  w i t h  p h o t o - t h e o d o l i t e s  o r  e q u i v a l e n t  
equipment .  It i s  contemplated t h a t  work up th rough  t h e  p r e l i m i n a r y  
s t a g e s  o f  t h e  f l i g h t  t e s t s  could be completed d u r i n g  f i s c a l  1951. I n  
a d d i t i o n  t o  t h i s  f l i g h t  t e s t  of t h e  b a s i c  components o f  t h e  sys tem t o  
e v a l u a t e  t h e  s u i t a b i l i t y  f o r  con t inued  development,  d e s i g n  of t h e  f i n a l  
o p t i c a l  t r a c k i n g  u n i t ,  of  t h e  o p t i c a l  r ange  f i n d e r ,  t h e  m i s s i l e  a i r -  
frame d e s i g n  and development o f  t h e  m i n i a t u r i z e d  range  measuring system 
would be i n s t i t u t e d .  It i s  a l s o  b e l i e v e d  t h a t  a  s m a l l  e f f o r t  should  be 

*This c h a r t  i s  inc luded  i n  t h e  n a r r a t i v e  as F i g u r e  3 .  



devoted to the study of alternate radar tracking heads to replace the 
sight system for possible all weather operations. Some effort should 
also be devoted to following the developments in recoilless direct fire 
weapons which might be applicable to beacon placement and maintaining 
contact with possible developments in the field of microwave beacons 
capable of withstanding extreme accelerations. 

In fiscal 1952 it is proposed to perform the majority of the 
flight tests on the piloted airplane and to complete this phase of the 
project. The development of the packaged radio range measuring equip- 
ment would be completed and flight tested as part of that work. 
Construction of the optical tracking unit and an improved range finder 
would be undertaken. Concurrently, design of the airframe and 
packaging of all equipment would be completed. Selection and tests of 
a preset gyro stabilized mid-course guidance system would be made. 
Problems of launching and launcher design would be treated. A few 
basic airframes would be constructed and flight tested to obtain missile 
aerodynamic response characteristics. While it has been possible to 
define the work for fiscal 1951 quite accurately, that outlined for 1952 
is necessarily somewhat more vague and will require subsequent revision 
as the work proceeds. Assuming, however, the items outlined are 
completed in fiscal 1952, the principal work remaining for fiscal 1953 
is the construction and flight test of a small quantity of prototype 
missiles. This work would encompass, of course, the elimination of 
bugs and the improvement and refinement of the Lacrosse missile. 

The time scale presented is believed to be on the order of the 
minimum achievable with reasonably constant and efficient effort 
applied to the resolution of the problems. Unforeseen development 
difficulties, contractual delays and budgetary limitations might 
easily extend the time scale by one to three years, As required by the 
task statement, estimates of the cost of the various items in the 
development program are given on page 17. While believed to be of the 
right order of magnitude, the figures listed are in many cases based on 
incomplete data and are not to be considered for contractual purposes. 



APPROXIMATE COST ESTIMATE - WORK OUTLINED FOR FISCAL 1951 

I. STEER Command System Flight Tests in Piloted Airplane 

1. Analogue computer studies $ 25,000 
2. STEER simulator design and construction 50,000 
3. Simulator tests of system 10,000 
4. Radio ranging equipment - breadboard development 150,000 
5. Optical tracking sight - adaptation of existing 

unit. 5,000 
6. Command computer development 25,000 
7. Radio command link - adaptation of standard units 5,000 
8. Install system in airplane and make preliminary 

test flights 40,000 

Total for Guidance Test $3 10,000 

11. Preliminary Work on Final System Components 

1. Special optical tracking unit design studies $ 10,000 
2, Optical range finder design 50,000 
3, Missile airframe design 10,000 
4. Miniaturized radio range equipment development 50,000 

Total for Final Components $120,000 

111. Miscellaneous Items 

1. Coordination of work of associated contractors $ 20,000 
2. Continued study of direct fire beacon items for 

possible future alternate homing system 5,000 
3. Study of alternate radar tracking head for bad 

weather operation 5,000 

Total Miscellaneous $ 30,000 

IV. Total Estimated Cost - Fiscal 1951 Program $460,000 



BY: A .  A h l i n  

DOCUMENT 3 

E l l T R l i C T  
( p p .  33-36) 

SUMMARY REPORT 

PROJECT LACROSSE 

CORNELL AERONAUTICAL LABORATORY, INC,  

R e p o r t  N o .  B E - 7 1 2 - S - 1  

C o n t r a c t  D A - 3 0 - 1 1 5 - O R D - 1 1  

APPROVED: R . S c h e d v i n  

DATE: 15 F e b r u a r y  1 9 5 1  



RECOMMENDATIONS 

Generally speaking, the work performed under this contract has re- 
affirmed the tactical feasibility of the Lacrosse system, particularly 
with respect to the action of key components. As a result of this work, 
it has been recommended to the Office, Chief of Ordnance, Department of 
the @y, that the Lacrosse Project be continued and that full effort be 
applied to the development of a prototype missile system based on the 
STEER and STEER-1 concepts. The following summary is a general outline 
of these recommendations: 

1. System Tests - 

It is recommended that a flight test program be conducted using a 
Beechcraft airplane, or equivalent, to act as a simulated missile. The 
purpose of this test program is to determine the prospective accuracy of 
the system using interim components such as the optical tracker, pro- 
portional command radio link, distance measuring equipment and cotumand 
signal generator. 

2. Simulator Tests - 

It is recommended that an analogue computer be adapted to serve as 
a simulator for dynamic analyses of system performance. Machine 
computations would permit evaluation of system components prior to full 
scale tests and would permit selection of the most promising components 
while they are still in the breadboard stage. 

3. All-Weather Operation Studies - 
The all-weather operation aspects of Project Lacrosse will require 

electronic components such as high frequency electronic angular trackers 
Currently available radar equipment will not satisfy the requirements of 
Lacrosse but will suffice for interim tests of the feasibility of 
electronic tracking. It is recommended that a radar tracking device be 
developed or procured suitable for tests with the Beechcraft and that a 
development program be undertaken for a high frequency electronic 
angular tracker suitable for Lacrosse accuracies. 

4. Missile Development - 
Although the Beechcraft flight tests of the Lacrosse system will 

provide a check of total system performance, it will be necessary to 
conduct tests with a Flight Test Vehicle, incorporating miniaturized 
airborne components, to permit analysis and evaluation of operations 
with a missile. The FTV should be fully instrumented to record this 
operation of the missile and its response to the radio command link. 
Tactical conditions could be simulated during the FTV tests to 
demonstrate the probable success of the system. 



The FTV program should be paralleled with a prototype missile 
development based to a large degree on the FTV results. This development 
program should be coordinated with the development of all components into 
miniaturized tactical configurations for both ground based and airborne 
equipment. 

Therefore, it is recommended that airframes be procured for Flight 
Test Ehicles and that these airframes be practically "off-the-shelf" 
variety to permit testing of the system as soon as possible. Development 
of a full scale prototype missile should be undertaken, to meet the 
requirements of Project Lacrosse, consistent with results of the FTV 
test program. 

Anent the above recommendations, it is proposed that a development 
and test program be pursued as follows: 

PROPOSED LACROSSE TASK STATEMENT 

"C,A.L. shall undertake a research and development program of ten 
months duration which is to be part of a longer program directed towards 
the development of a direct support guided missile system designated 
Lacrosse. This program shall first complete the design and construction 
or procurement in breadboard form of the guidance components of the 
Lacrosse system recommended for development at the conclusion of the 
evaluation phase of Lacrosse under Contract NOrd 10629 and initiated 
under Contract DA-30-115-ORD-11. The components of this system 
consisting primarily of a radio command link, electronic ranging 
equipment, an optical tracking unit, and a cormnand computer shall first 
be tested individually. Dynamic analyses of the system performance 
shall then be made by procuring and adapting an analogue computer to 
serve as a simulator. 

"Following simulator tests, the system shall be connected to a 
conventional airplane which shall be adapted to respond to the guidance 
control system. Pilot-monitored, system evaluation, flight tests will 
be run to determine the prospective accuracy of the guidance system. 
Instrumentation and other essential equipment for the airplane tests 
will be provided as required. 

"In addition to the work on the development and test of the system 
with an airplane, studies of means of operating system under all-weather 
conditions shall be made. Design and possibly development or procurement 
of a radar tracking device to replace the optical tracker shall be under- 
taken. System performance analyses and design studies employing radar 
tracking means and other promising alternate approaches to direct 
support missile guidance shall be conducted. 

"Preparation for tests in a missile control test vehicle and for 
subsequent development of a prototype Lacrosse system will be under- 
taken. Accordingly, procurement and necessary redesign of a control 
test vehicle shall be accomplished along with such preliminary studies, 



t e s t s ,  procurement and eva lua t ions  of t h e  pro to type  m i s s i l e  system, i t s  
components and i t s  ope ra t i ons  a s  a r e  necessary  t o  an o v e r - a l l  i n t e g r a t e d  
Lacrosse development. The d e s i r e d  Lacrosse system performance 
c h a r a c t e r i s t i c s  a r e  t o  be def ined  i n  c o n s u l t a t i o n  w i th  t h e  O f f i c e ,  Chief 
of Ordnance, U .  S. Army, a s  t h e  work progresses  i n  accordance w i t h  t he  
o b j e c t i v e  of ob t a in ing  a  u s e f u l  d i r e c t  suppor t  weapon of high accuracy 
i n  t he  s h o r t e s t  f e a s i b l e  t ime. 

"The work s h a l l  inc lude  coopera t ion  and j o i n t  a c t i v i t y  a s  may be 
f e a s i b l e  w i t h  those  groups i n  t h e  Armed s e r v i c e s  and o t h e r  agencies  
which a r e  a c t i v e l y  concerned wi th  t he  development, t e s t i n g ,  product ion 
and use of s i m i l a r  o r  r e l a t e d  weapon systems and m i s s i l e s  fo r  t h e  
United S t a t e s  Government. The work a l s o  i nc ludes  r e s p o n s i b i l i t y  f o r  
s e l e c t i o n  of  subcon t r ac to r s  and assignment of  subcon t r ac t s  a s  w e l l  a s  
t h e  t e c h n i c a l  supe rv i s ion  and guidance of  subcon t r ac to r s  s e l e c t e d  t o  
work on t h e  Lacrosse program," 

UNCLASSIFIED - - 



DOCUMENT 4  

(U) HISTORY OF CORNELL AERONAUTICAL LABORATORY, I N C .  

The Corne l l  Aeronaut ical  Laboratory (CAL), a  wholly owned sub- 
s i d i a r y  of Cornel l  Univers i ty ,  I t h a c a ,  New York, ope ra t e s  under a  
bus iness  f r anch i se  of t he  S t a t e  of New York, The labora tory  loca ted  
a t  4455 Genesee S t r e e t ,  Buffalo 21, New York, was a  g i f t  t o  the  
u n i v e r s i t y  by the  Curtiss-Wright Corporat ion.  

The prologue t o  CAL reaches back t o  February 1943, when t h e  A i r -  
p lane Div is ion  of t he  Curtiss-Wright Corporat ion dedica ted  i t s  Research 
Laboratory and appointed D r .  C l i f f o r d  C .  Furnas a s  d i r e c t o r . *  The e a r l y  
o rgan iza t ion  was comprised of t h r e e  t e c h n i c a l  departments ,  124 personnel ,  
and 90,000 square f e e t  of labora tory  space .  I t s  t a s k s  included i n v e s t i -  
ga t ion  of problems of a i r c r a f t  and a s s o c i a t e d  equipment under develop- 
ment by Curtiss-Wright and some c o n t r a c t  r e sea rch  f o r  t h e  armed f o r c e s .  

A t  t he  end of World War 11, Curt iss-Wright  sought t o  convert  i t s  
Research Laboratory i n t o  a  publ ic  research  o rgan iza t ion .  I n  December 
1945, Corne l l  Univers i ty  accepted the  l abo ra to ry  and equipment a s  a  
g i f t  from Curtiss-Wright and s imultaneously s i x  e a s t e r n  a i r c r a f t  
companies cont r ibu ted  generously t o  a  working fund, The Research 
Laboratory was then given the name of Corne l l  Aeronaut ical  Laboratory 
and dedica ted  t o  "the i n t e r e s t s  of a v i a t i o n  and the  we l f a re  of t he  
n a t i o n e N l  It was incorporated a s  a  nonpro f i t  s t ock  corpora t ion  of New 
York i n  1958, and thus became a n  independent u n i t  no t  involving the  
u n i v e r s i t y  i n  i t s  business  t r a n s a c t i o n s ,  though a  subs id i a ry  of t he  
same. 

By May 1954, the  labora tory  space had been expanded t o  some 240,000 
square f e e t .  Assets of the corpora t ion  were valued a t  $6 m i l l i o n ,  about 
one-halh of which was inves ted  i n  a  v a r i a b l e  wind tunnel  and the  r e s t  i n  
research  t o o l s  and equipment, rea 1 e s t a t e ,  and working c a p i t a l .  Gross 
s a l e s  i n  FY 1954 exceeded $10 m i l l i o n .  A l a r g e  p a r t  of these  s a l e s  came 
through Government R&D c o n t r a c t s ,  inc luding  such p r o j e c t s  a s  the  PLAT0 
and LACROSSE. Cornel l  d id  not p a r t i c i p a t e  i n  product ion of any k ind .  

By mid-1956, CAL was ending i t s  f i r s t  decade of growth. I n  t hese  
progress ive  yea r s ,  i t s  annual volume of r e sea rch  had increased from $2 

* D r .  Furnas remained i n  t h i s  p o s i t i o n  u n t i l  1948, and served a s  
Executive Vice Pres ident  u n t i l  h i s  r e s i g n a t i o n  i n  1954. He was 
appointed Ass i s t an t  Secre ta ry  of Defense i n  1956. 

1. Bibliography, Reference 1, p. 8 .  



m i l l i o n  t o  $12 m i l l i o n ;  t h e  number of  t e c h n i c a l  depar tments  had expanded 
from t h r e e  t o  t e n ;  and i t s  p e r s o n n e l  had grown from 124 t o  1100. The 
volume and d i v e r s i t y  of cAL's t e c h n i c a l  accompl ishments  had more t h a n  
t r i p l e d .  And i n  t h e  p r o c e s s  t h e  l a b o r a t o r y  had indeed  s e r v e d  " t h e  
w e l f a r e  o f  t h e  n a t i o n "  through i t s  immeasurable c o n t r i b u t i o n s  t o  t h e  
advancement of a e r o n a u t i c a  1 techno logy ,  

BIBLIOGRAPHY 
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The Mart in  Company is  almost a s  o ld  a s  powered f l i g h t  i t s e l f .  
Today, i t s  products  and a c t i v i t i e s  have gone f a r  beyond a i r c r a f t  t o  
inc lude  the  des ign ,  development and product ion of m i s s i l e s  and space 
systems, e l e c t r o n i c  components and systems,  and s p e c i a l i z e d  nuc lear  
power a p p l i c a t i o n s .  

The Company began when Glenn L. Mar t in ,  a  19-year-old son of a  
hardware d e a l e r  of a  Santa Ana, C a l i f o r n i a ,  read a  newspaper account 
of t h e  Wright Brothers '  e a r l y  f l i g h t s .  To him, t h e  Wright machine was 
simply a  boxkite  wi th  a  motor and c l o s e l y  r e l a t e d  t o  t h e  boxkites  t h a t  
he had b u i l t  s i n c e  he was s i x .  

By 1908, young Martin had decided t o  bui ld  an adapt ion of  the  
C u r t i s s  b ip l ane .  Through hard work and ex tens ive  r e sea rch ,  he saw i t  
t o  a  g r e a t e r  f u t u r e .  On August 1, 1909, t he  boxkite  a i r p l a n e  was flown 
over  meadows near  Santa Ana, Ca l i fo rn i a .  To combat publ ic  skept ic i sm 
and f inance  h i s  cont inuing e f f o r t s ,  M r .  Mar t in  began a  s e r i e s  of f l i g h t  
e x h i b i t i o n s  i n  November, 1910. 

H i s  s ea rch  f o r  backing reached f r u i t a t i o n  on August 16, 1912, when 
The Glenn L. Mart in  Company came i n t o  being a s  a  bus iness .  With the  
formal incorpora t ion  of t he  bus iness ,  t h e  f i r s t  Mart in  p l an t  began 
ope ra t ion  i n  Los Angeles, C a l i f o r n i a ,  w i th  14 employees. Buyers f o r  
Mart in  planes were scarce-Lincoln Beachey, an ou t s t and ing  f l y e r ;  and 
W i l l i a m  Edward Boeing, who was t o  l a t e r  b u i l d  p lanes  i n  h i s  own nameo 
I n t o  the  bus iness  came some of t he  b e s t  b r a i n s  of t h e  time-Donald 
Douglas, a  ch i e f  engineer;  Lawrence B e l l ,  a s  f a c t o r y  super in tendent ;  
and J. J. "Dutch" Kindelberger (North American), a l l  of whom were l a t e r  
t o  head t h e i r  own a i r c r a f t  companies. The combination achieved some 
notable  r e s u l t s .  

I n  1916, M r .  Martin merged i n t e r e s t s  b r i e f l y  w i t h  those of t he  
Wrights i n  t h e  Wright-Martin Company. The merger was d isso lved  the  
fol lowing year  and Martin was aga in  an  independent company. With the 
backing of Cleveland f i n a n c i e r s ,  t he  p l a n t  was moved t o  Cleveland, 
Ohio, i n  1918. Here the Martin-Douglas-Bell-Kindelberger team b u i l t  
t h e  MB bomber, t he  f i r s t  s t e p  i n  t he  U .  S. i n  t he  product ion of "a 
u s e f u l  a r t i c l e "  f o r  a i r  warfare .  

*Information pamphlets covering the h i s t o r y  of The Mart in  Company 
furn ished  by the  Martin Company Branch O f f i c e ,  Hun t sv i l l e ,  Alabama. 



By 1929, the Cleveland facilities had outgrown the Company's 
venture. The plant was moved to Baltimore, Maryland, for its proximity 
to Washington, D o  C,, where most of its business originated with the 
Armed Forces, and for a water front to test the new Martin seaplanes. 
Here was also afforded a mild year-round climate for flying and good 
rail connections- At Baltimore were built most of the planes that made 
the name "Martin" an aviation byword. Among these were the BM-1, the 
first practical dive-bomber; the B-10 of the early 19301s, a revolu- 
tionary bomber which made almost every other military aircraft in the 
world obsolete overnight and which won the Collier Trophy; the inter- 
nationally famous CHINA CLIPPER; the rugged B-26 MARAUDERS of World 
War 11; the giant MARS flying boats; and the independent Navy seaplanes- 
from the PM-1 of 1930 to the P5M MAKLIN of the 1950's. In 50 years, 
Martin, a major manufacturer of military and commercial aircraft, built 
more than 12,000 planes. 

Following World War 11, fast-changing military technology brought 
about an equally vast change in the nature of Martin products. The 
shift was so profound that it became a new firm, with emphasis on 
missiles, electronics, nucleonics, guidance systems, and space vehicles. 
The Company now has production facilities at Baltimore, Maryland; 
Denver, Colorado; and Orlando, Florida, along with a separate division 
at Cocoa, Florida, created to supervise field testing of missiles at 
Cape Canaveral. Martin employes some 40,000 people, including more 
than 7,500 engineers, 3,000 of whom specialized in electronics. 

One of the Martin Company's first significant post-war projects 
(in the late 1940's) was the Navy's VIKING, a single-stage, high alti- 
tude research rocket, which established Martin as a leader in this 
field. Experience gained in this program gave valuable background for 
Project VANGUARD, under which the Company designed and built three-stage 
rockets to launch significantly-instrumented, earth orbiting satellites. 
On March 17, 1958, a VANGUARD test vehicle lifted a radio-equipped 
satellite into orbit. Two additional satellites were subsequently 
launched by Martin-built VANGUARD rockets. 

As the Air Age gave way to the Space Age, Martin was in the fore- 
front of new developments. As part of its shift to the new era, the 
Company simplified its name on April 22, 1957, to The Martin Company. 
In 1959, 72 per cent of the firm's backlog was in missiles. After half 
a century, Martin was still a pioneer-but in fields far different from 
that in which it began. As stated by Board Chairman George M. Bunker: 
"For practical purposes, we are out of the aircraft business .... You 
might say we were the first in and the first out.'' The Company phased 
out of aircraft production in 1960 and now concentrates entirely in the 
advanced aerospace technologies. 

In Occober, 1961, Martin and American-Marietta companies were 
consolidated to form Martin Marietta Corporation. In the new corporate 
organization, Martin Company is the aerospace division of Martin Marietta 



The co rpora t ion  opera tes  o the r  d iv i s ions  i n  the  cons t ruc t ion  m a t e r i a l s ,  
chemical and pa in t  f i e l d s .  

The fol lowing shows the f i n a n c i a l  and personnel  s t a t u s  of The 
Mart in  Company, based on 1961 f igu res :  

FINANCIAL: Sales:  $830,000,000 
Annual Payro 11: $322,500,000 
Purchases: $371,400,000 
Purchases from s m a l l  business  firms: $119,300,000 

(32 per cent  of t o t a l )  
Number of suppl ie rs :  7,694 

PERSONNEL: T o t a l  employment: 40,365 
Baltimore a r e a  ( includes Space Systems, Nuclear,  E lec t ron ic  

Systems & Products Div is ions ,  RIAS, and General Of f i ce s ) :  
10,888 

Denver Divis ion:  17,813 
Orlando Divis ion:  10,682 
Canaveral Divis ion:  982 
S c i e n t i f i c  and engineering personnel  of a l l  types account 

f o r  approximately 12,000 of t o t a l  Mart in  employment. 



DOCUMENT 6 

WAR DEPARTMENT 
OFFICE OF THE CHIEF OF ORDNANCE 

Washington, D. C. 

ORDTU 11 January 1954 

SUBJECT: Assignment of Responsibilities for Project LACROSSE, 
DA-516-05-002, TU1-2020 

TO : Conman:iiii; Gener: 1- 
Redstone Arsenal 
Huntsville, Alabama 

REFERENCE: 2. Ordnance Corps Order 43-52, dated 29 September 1952 

b. RSA letter 322156, subject: "Transfer to RSA of - 
Technical Supervision of Rocket and Guided Missile 
Projects, " with 1st and 2nd Indorsements thereto. 

1. Reference 2:autlines and defines the functional responsibilities 
involved in the prosecution of Ordnance Research and Development Projects. 

2. Reference b. recommended that research and development 
responsibility of all guided missile projects be transferred to Redstone 
Arsenal. 

3. Responsibilities as defined by reference 2. are hereby assigned 
to Redstone Arsenal for technical supervision of Project LACROSSE. 

4. Assigned responsibilities include close technical liaison with 
other Government field installations involved in developments related to 
the LACROSSE Missile System. Current related projects are: 

L 
Dept of Army Project Title Responsible Field 
Number Agency 

500# Incendiary Chemical and Radio- 
Warhead for logical Laboratories 
LACROSSE Army Chemical Center, 

Edgewood Arsenal. 



ORDTU 
SUBJECT: Assignment of Responsibilities for Project LACROSSE, 

DA-5-16-05-002, TU1-2020. 

Dept of Army Project Title Responsible Field 
Number Agency 

Warhead for Aberdeen Proving Ground 
LACROSSE Surface- and Picatinny Arsenal 
to-Surface Guided 
Missile 

JATO 3ES32000 Picatinny Arsenal 
T 52 Booster 

Fuze, Warhead Frankford Arsenal 
TI405 

5. Part of the LACROSSE development is being conducted by 
installations which are under the control of the Research and 
Development Division Branches other than ORDTU. It is desired that 
recommendations be submitted through ORDTU regarding changes, improve- 
ments, cancellations or accelerations that may be required to maintain 
proper phasing within the LACROSSE Project. 

BY COMMAND OF MAJOR GENERAL CUMMINGS: 

USLIE E. SIMON 
Major General, USA 
Assistant Chief of Ordnance 

cc: 
Cornell Aeronautical Laboratory 
Project LACROSSE, Buffalo, New York 

Rochester Ordnance District 
Sibley Tower Bldg, Rochester, N. Y. 

CG, WSPG, Las Cruces, New Mexico 
COY Picatinny Arsenal, Dover, N.J. 
CO, Frankford Arsenal, Phila. 37, Pa. 
CG, Aberdeen Proving Ground, Aberdeen, Md. 

UNCLASSIFIED 6-2 



DOCUMENT 7  
ORDNANCE COMMITTEE 

ITEM 36066 
19 JAN 56 

DEPARTMENT OF THE ARMY 
Of f i ce  of t h e  Chief of Ordnance 

MAHawkins / g t a  15409 1 
4  October 1955 

FROM: Subcommittee on Guided M i s s i l e s  

TO : The Ordnance Technica 1 Cornmi t t e e  

SUBJECT: CLOSE SUPPORT ARTILLERY GUIDED MISSILE SYSTEM - DOA P r o j e c t  
516-05-002 (TU1-2020) - P r o j e c t  LACROSSE - Statement  of 
M i l i t a r y  C h a r a c t e r i s t i c s  (U) 

1- REFERENCES: 

a .  OCM 33399, 31 August 50, "Surface- to-Surface Guided M i s s i l e  
(LACROSSE) " . 

b ,  OCM 34980, 24 Sep 53, "Secur i ty  C l a s s i f i c a t i o n  of Guided 
M i s s i l e  P ro j ec t s " .  

c .  OCM 34981, 24 Sep 53, "Warhead f o r  LACROSSE (XSSM-A-12), 
Sur face- to-Surface  Guided M i s s i l e  - I n i t i a t i o n  of Development". 

d. F i l e  0015s-5871, 5  J u l  55, "Mi l i t a ry  C h a r a c t e r i s t i c s  f o r  a  Close 
Support Guided M i s s i l e  System". 

2. DISCUSSION: 

a ,  P r o j e c t  LACROSSE was e s t a b l i s h e d  by t h e  Department of t he  Navy 
t o  f u l f i l l  a  requirement of the  Marine Corps f o r  a  h igh ly  a c c u r a t e  
su r f ace - to - su r f ace  guided missile system which would be t a c t i c a l l y  
accep tab l e  f o r  employment i n  t h e  c l o s e  suppor t  of amphibious and o r  
ground ope ra t i ons .  I n  1950, t h e  Sec re t a ry  of  Defense,  upon recommen- 
d a t i o n  of t h e  J o i n t  Chiefs  of S t a f f ,  t r a n s f e r r e d  t h e  LACROSSE P r o j e c t  
from the  Department of the  Navy t o  t h e  Department of t h e  Army f o r  t h e  
con t inua t ion  of r e sea rch  and development ( r e f  l a ) .  

b. Reference Id forwards m i l i t a r y  c h a r a c t e r i s t i c s  f o r  a  c l o s e  
support  guided missile system and recommends t h a t  P r o j e c t  LACROSSE, 
DOA 516-05-002 (TU1-2020) be cont inued t o  meet t h e s e  c h a r a c t e r i s t i c s .  

3 .  RECOMMENDATIONS: The subcommittee recommends: 

a -  That m i l i t a r y  c h a r a c t e r i s t i c s  f o r  a  Close Support F i e l d  
A r t i l l e r y  Guided Missile System o u t l i n e d  i n  a t t a c h e d  p r o j e c t  card  
(Appendix 1) be approved, 



b c  Tha t  P r o j e c t  LACROSSE, DOA P r o j e c t  No, 516-05-002 (TU1-2020), 
P r i o r i t y  lA, T e c h n i c a l  O b j e c t i v e  LC- 1 6 ,  a n d  M o d e r n i z a t i o n  Code X be  
c o n t i n u e d  t o  meet  t h e s e  m i l i t a r y  c h a r a c t e r i s t i c s o  

c c  Tha t  s e c u r i t y  c l a s s i f i c a t i o n  r u l e s  c o n t a i n e d  i n  a t t a c h e d  
S e c u r i t y  Check L i s t s  (Appendix 2) be  a p p r o v e d .  

d o  T h a t  t h i s  subcommit tee  r e p o r t  be  c l a s s i f i e d  CONFIDENTIAL, and 
t h a t  t h e  S e c u r i t y  Check L i s t s  (APPENDIX 2 a ,  2 b ,  a n d  2c )  be  UNCLASSIFIEDc 

A c t i o n  by:  Rocket  B r ,  Ord Res & Dev Div  
Approva l  o f  h i g h e r  a u t h o r i t y  i s  r e q u i r e d .  

APPROVED 
1st CHARLES L. REGISTER 

C o l ,  Ord Corps  
Chairman P r o  Tern 

APPROVED BY ORDNANCE COMMITTEE 
19 JAN 56 

1st A. W .  STODDARD 
C o l ,  Ord Corps  
S e c r e t a r y  

APPROVED BY ORDER OF 
THE SECRETARY OF THE ARMY 

1st CHARLES L. BEAUDRY, C o l ,  GS 

F o r  t h e  C h i e f  o f  Res .  and  Dev.,  OCS 



E X T R A C T  - - - - -  
RESEARCH AND DEVELOPMENT PROJECT CARD 

(Appendix 1 t o  OTCM 36066) 

21. BRIEF OF PROJECT AND OBJECTIVE 

a .  Br ie f :  

(1)  Operational Concept: The primary mission of t h i s  close-  
support guided miss i l e  system i s  t o  des t roy heavy f o r t i f i c a t i o n s  and 
o the r  s t a t i o n a r y  "hard" t a r g e t s  with p rec i s ion  f i r e  A secondary 
mission may be the  a t t a c k  of ma te r i e l  and personnel t a r g e t s  with 
appropr ia te  warheads. Forward observer teams f o r  t h i s  system w i l l  be 
organized and equipped t o  work i n  conjunction with d iv i s ion  a r t i l l e r y  
i n  d i r e c t  support of infant ry  b a t t a l i o n s .  A l l  forward guidance equip- 
ment w i l l  be mart-transportable, and each forward observer team w i l l  be 
capable of opera t ing  e i t h e r  from a 1 / 4  ton-truck o r  dismounted. It i s  
not contemplated t h a t  t h i s  miss i l e  system w i l l  be used aga ins t  any 
t a rge t  which could be a t tacked more economically o r  e f f i c i e n t l y  by 
another  weapon- 

(2)  Organizational Concept: The bas ic  f i r e  un i t  f o r  the  
c lose  support guided miss i l e  system w i l l  be a  sepa ra te  ba t t e ry  capable 
of independent operat ion.  A b a t t e r y  w i l l  conta in  four se l f -propel led  
launchers, two s e t s  of assembly and loading equipment and two forward 
guidance s t a t i o n s .  The bas ic  load of m i s s i l e s  w i l l  be four per launcher. 
The bas i s  of a l l o c a t i o n  w i l l  be one c lose  support guided m i s s i l e  
b a t t e r y  per corps. During the  period when only the  shaped charge 
warhead i s  a v a i l a b l e ,  the close support guided m i s s i l e  b a t t e r y  may be 
a t tached t o  a  d iv i s ion  f o r  s p e c i f i c  missions.  Following development of 
atomic and/or  optimum fragmentation warheads f o r  t h i s  weapon system, 
the  bas i s  of i t s  a l l o c a t i o n  w i l l  be reviewed t o  provide ba t t e ry  s t rength  
support per  d iv i s ion .  This might be by assignment of one b a t t a l i o n  per 
corps,  o r  one separa te  ba t t e ry  per  d iv i s ion .  

( 3 )  Consideration of T r i p a r t i t e ,  Navy, A i r  Force, and Marine 
Corps Development A c t i v i t i e s :  A review of development p ro jec t s  of 
o the r  se rv ices  and t r i p a r t i t e  na t ions  d i sc loses  no system whose 
c h a r a c t e r i s t i c s  a r e  such a s  t o  f u l f i l l  t he  requirement f o r  a  surface-  
to-surface  m i s s i l e  a s  here in  described.  

(4) F e a s i b i l i t y  of Development: The development of the  close-  
support guided m i s s i l e  system having the  c h a r a c t e r i s t i c s  he re in  
described i s  considered f e a s i b l e  and p rac t i cab le .  I f  during the  
development phase i t  appears t o  the  design agency t h a t  the  charac ter -  
i s t i c s  l i s t e d  here in  require the  incorpora t ion  of c e r t a i n  impracticable 
f ea tu res  and/or  unnecessarily expensive and complicated components or  
devices,  c o s t l y  manufacturing methods and processes ,  c r i t i c a  1 materia 1s 
o r  r e s t r i c t i v e  spec i f i ca t ions  which serve  a s  a  detriment t o  the  m i l i t a r y  



value of the item, such mat te rs  w i l l  be brought t o  the immediate 
a t t e n t i o n  of Department of t he  Army and Cont inenta l  Amy Couunand f o r  
c a r e f u l  cons idera t ion  before  incorpora t ion  i n  t he  f i n a l  design.  

(5 )  Configuration: 

( a )  General - The s i z e  and weight of a l l  major components 
of the  system s h a l l  be ttie minimum a t t a i n a b l e ,  compatible with t h e i r  
intended employment, c h a r a c t e r i s t i c s  s p e c i f i e d ,  and s u b j e c t  t o  such 
l i m i t a t i o n s  a s  a r e  imposed by: 

(2)  AR 700-105 (use  loading t a b l e  on page 9 ,  column 
headed "Most Foreign Lines (Berne I n t e r n a  t iona 1) Standard Gauge") , 

(b)  Guidance and Control .  The equipment requi red  i n  t he  
forward guidance s t a t i o n  s h a l l  be a s  l i g h t  a s  poss ib l e ,  and s h a l l  be 
capable of being broken down i n t o  man- t r a n s p o r t a b l e  loads.  

(6 )  Performance : 

( a )  Ranges. 

(1)  Maximum m i s s i l e  range.  

( a )  Required. Not l e s s  than 20,000 meters .  

(b)  Desired.  Not l e s s  than  30,000 meters .  

(2)  Minimum m i s s i l e  range.  

( a )  Required, Not more than  8,000 meters .  

(b)  Desired. A s  s h o r t  a s  poss ib l e  cons i s t en t  
wi th  o t h e r  requirements.  

(3)  Maximum guidance range ( u s i n g  t a r g e t  survey 
u n i t  d a t a ) ,  

( a )  Required. Not l e s s  than  5,000 meters .  

(b )  Desired.  Not l e s s  than  8,000 meters .  

(4) Maximum guidance range (us ing  e x t e r n a l  da t a )  
( s e e  subpara g below). 

( a )  Required. Not l e s s  than  15,000 meters .  

(b)  Desired.  Not l e s s  than  20,000 meters .  

(5)  Minimum guidance range. 

( a )  Required. Not more than  250 meters .  

(b)  Desired. As s h o r t  a s  poss ib l e  c o n s i s t e n t  
wi th  o t h e r  cons idera t ions  of t he  system. 

(b)  Midcourse guidance. P rov i s ion  w i l l  be made t o  guide 
t h e  m i s s i l e  by i n e r t i a l  means between launch, and a c q u i s i t i o n  by te rmina l  
guidance equipment. 



( c )  Accuracy. Since t h i s  a s s a u l t  guided m i s s i l e  system 
i s  requi red  s p e c i f i c a l l y  t o  des t roy  hard "poin t  t a r g e t s , "  accuracy and 
l e t h a l i t y  a r e  i t s  most important c h a r a c t e r i s t i c s ,  The degree of 
accuracy which can be achieved by t h e  system has a very important e f f e c t  
on the  f l e x i b i l i t y  of employment of t h e  system i n  t h a t  accuracy governs 
the s i z e  of t a r g e t  which may be a t t a c k e d  e f f e c t i v e l y .  An extremely high 
degree of accuracy w i l l  permit the  e f f i c i e n t  a t t a c k  of r e l a t i v e l y  small  
f o r t i f i c a t i o n s  which a r e  f a r  more numerous than  l a rge  f o r t i f i c a t i o n s :  
hence accuracy w i l l  determine t o  a major degree the  usefu lness  of t he  
weapon. I f  a forward guidance s t a t i o n  is  employed i t  i s  be l ieved  t h a t  
c e r t a i n  of i t s  elements w i l l  normally be emplaced s o  t h a t  they a r e  
masked from the  t a r g e t  by t e r r a i n ,  i n  order  t o  minimize h o s t i l e  counter-  
measures. This  usage of t he  system s h a l l  no t  cause degradat ion of the  
m i s s i l e  accuracy.  Under a l l  condi t ions  s p e c i f i e d  i n  t h i s  and i n  
paragraph ( 1 )  above, t h e  system s h a l l  have t h e  £01 lowing accuracy: 

(1)  Required. CPE not  t o  exceed f i v e  meters .  

(2)  Desired.  CPE not  t o  exceed two meters .  

However, i f  t he  system i s  u t i l i z e d  t o  f i r e  upon t a r g e t s  loca ted  by 
e x t e r n a l  sources ( see  subpara g below), t h e  d e s i r e d  accuracy requirement 
of t he  system w i l l  be 30 t o  40 meters  CPE a t  20,000 meters .  

(d) L e t h a l i t y .  Assuming a d i r e c t  h i t  on a hard t a r g e t ,  
t he  m i s s i l e  warhead s h a l l  have s u f f i c i e n t  l e t h a l i t y  t o  des t roy  f o r t i f i -  
c a t i o n s  of t h e  type normally encountered i n  a d e l i b e r a t e l y  prepared 
defens ive  p o s i t i o n .  A c a p a b i l i t y  of p e n e t r a t i n g  a minimum of s i x  f e e t  
of r e in fo rced  concre te  a t  60' o b l i q u i t y  o r  twelve f e e t  a t  0' o b l i q u i t y  
i s  r equ i r ed ,  I n  a d d i t i o n ,  warhead des ign  s h a l l  be such a s  t o  produce 
beyond-penetrat ion e f f e c t s  render ing  inope ra t ive  personnel  occupying 
t h e  de fea t ed  f o r t i f i c a t i o n ,  

(e )  Speed, I n  order  t o  reduce t h e  v u l n e r a b i l i t y  of the  
m i s s i l e  t o  small  arms and a n t i a i r c r a f t  a r t i l l e r y  automatic  weapons f i r e ,  
t he  speed of t he  m i s s i l e  s h a l l  be t h e  maximum commensurate wi th  the  
maneuverabi l i ty  and con t ro l  requi red  t o  accomplish the  accuracy 
s p e c i f i e d  i n  subparagraph c above. 

( f )  Propulsion.  A s o l i d  p r o p e l l a n t  rocket  motor is  
r equ i r ed  and s h a l l  be i n t e g r a l  t o  t h e  m i s s i l e .  

(g) Guidance and Cont ro l .  Any system of guidance which 
w i l l  accomplish the  accuracy requirement s t a t e d  he re in  throughout t he  
r equ i r ed  range w i l l  be accep tab le .  The £01 lowing c h a r a c t e r i s t i c s  a r e  
d e s i r e d  of t he  guidance system: 

(1)  The system s h a l l  permit  engagement of t a r g e t s  
w i th in  a 360 degree s e c t o r  around the  forward guidance s t a t i o n -  

(2)  Line of s i g h t  w i l l  no t  be requi red  between 
launcher and ground guidance equipment. 



( 3 )  S u i t a b l e  a n t i  jamming f e a t u r e s  s h a l l  be designed 
i n t o  t h e  m i s s i l e  and i n t o  t h e  ground guidance equipment t o  minimize t h e  
e f f e c t  of enemy e l e c t r o n i c  countermeasures and e f f e c t i v e l y  reduce 
i n t e r f e r e n c e  from f r i e n d l y  c o n t r o l  s t a t i o n s  o r  o t h e r  e l e c t r o n i c  dev i ce s ,  
It s h a l l  be pos s ib l e  t o  ope ra t e  s imul taneous ly  two o r  more guidance 
s t a t i o n s ,  each c o n t r o l l i n g  a  m i s s i l e ,  i n  t h e  same v i c i n i t y  wi thout  
mutua 1 i n t e r f e r e n c e .  

(4)  It s h a l l  b e  p o s s i b l e  t h a t  two o r  more s e t s  of 
launchers  can support  t h e  same forward guidance s t a t i o n ,  when r equ i r ed ,  
wi th  no more than minor adjustments  i n  t h e  system,  

(5)  It i s  r equ i r ed  t h a t  t h e  guidance system be 
capable  of s u c c e s s f u l l y  a t t a c k i n g  t a r g e t s  no t  observab le  from t h e  
.:orward guidance s t a t i o n  because of darkness ,  inclement weather ,  o r  
i e r r a i n  masking; o r  t a r g e t s  beyond t h e  range of t h e  t a r g e t  l o c a t i o n  
equipment- For t h i s  reason ,  t h e  ground guidance equipment must be 
capable  of a c c e p t i n g  f i r i n g  da t a  ob ta ined  from o u t s i d e  sources  such 

 nap o r  survey d a t a ,  o r  t a r g e t  l o c a t i o n  d a t a  p r ev ious ly  determined 
Py t h e  t a r g e t  l o c a t i o n  equipment. It i s  r e a l i z e d  t h a t  t he  system 
accuracy  w i l l  be degraded by t e r r a i n  masking, t a r g e t  l o c a t i o n  e r r o r ,  
dnd extended ranges It i s  r equ i r ed  t h a t  t h e  equipment accep t  such 
dais f o r  t a r g e t s  a s  f a r  a s  15,000 meters  from t h e  ground guidance 
equipment, but i t  i s  h igh ly  d e s i r a b l e  t h a t  t h i s  c a p a b i l i t y  be extended 
t o  20,000 me te r s ,  

(h)  Rate  of F i r e .  

(1 )  The c y c l i c  r a t e  of f i r e  shall be not  less than 
four  missiles pe r  hour pe r  launcher provided t h e  launcher  is  loaded a t  
i t s  launching s i t e .  

( 2 )  A s i n g l e  guidance s t a t i o n  shall be capable  of 
handl ing  8 m i s s i l e s  per  hour where each m i s s i l e  i s  guided t o  a  d i f f e r e n t  
t a r g e t .  

( i )  Launcher. Because of t h e  smoke and dus t  s t i r r e d  up 
by t h e  exhaust  gas  of a  rocke t  motor and t h e  cone of flame emanating 
from a  burn ing  rocke t  motor, guided m i s s i l e  l aunching  p o s i t i o n s  a r e  
h igh ly  s u s c e p t i b l e  t o  l oca t i on  by h o s t i l e  obse rva t i on  f a c i l i t i e s .  
Furthermore,  a  m i s s i l e  launcher w i th  a  m i s s i l e  i n  p l a c e  prepared f o r  
launching i s  h igh ly  s u s c e p t i b l e  t o  d e t e c t i o n  by h o s t i l e  a e r i a l  
obse rva t i on .  These cond i t i ons  d i c t a t e  t h a t  t h e  m i s s i l e  launcher  f o r  
a  r e l a t i v e l y  s h o r t  range guided m i s s i l e  system w i l l  probably have t o  
be moved f r equen t ly  and must have h igh  m o b i l i t y  t o  permit  t h i s  movement 
i n  a s  s h o r t  a  time a s  p o s s i b l e ,  

(1 )  A s e l f - p r o p e l l e d  launcher  f o r  t h i s  a p p l i c a t i o n  
i s  very d e s i r a b l e .  

(2 )  The m i s s i l e  launcher  s h a l l  be capable  of 
t r a n s p o r t i n g  a n  assembled m i s s i l e  c r o s s  count ry  from a n  assembly a r e a  



i n  t h e  v i c i n i t y  of t he  launching s i t e  t o  t h e  launching s i t e .  

(3) Being i n  c l o s e  v i c i n i t y  t o  a  prepared launching 
s i t e  and loaded wi th  a  prev ious ly  checked ou t  m i s s i l e ,  i n  t r a v e l i n g  
p o s i t i o n ,  no more than f i f t e e n  minutes s h a l l  be r equ i r ed  t o  emplace t he  
launcher ,  o r i e n t  i n  azimuth and e l e v a t i o n ,  make f i n a l  m i s s i l e  check, 
and f i r e .  

(4) The m i s s i l e  launcher  s h a l l  be capable  of going 
"out of act ion ' '  and i n t o  t r a v e l i n g  p o s i t i o n  i n  no t  more than t e n  minutes.  

(5) The m i s s i l e  launcher  s h a l l  be equipped wi th  t he  
necessary  s i g h t i n g ,  t r a v e r s i n g ,  l eve l ing ,  and e l e v a t i n g  mechanisms t o  
permit  r a p i d  p o s i t i o n i n g  of t h e  m i s s i l e  f o r  launching.  The launcher 
and /o r  i t s  on-car r iage  f i r e  c o n t r o l  system s h a l l  compensate f o r  can t s  
up t o  lo0  and forward o r  r eve r se  s lopes  up t o  lo0.  Standard f i e l d  
a r t i l l e r y  s i g h t i n g  and l ay ing  equipment a r e  d e s i r a b l e  f o r  l ay ing  i n  
azimuth and e l e v a t i o n .  P rov i s ion  f o r  manua 1 e l e v a t i n g ,  t r a v e r s i n g ,  and 
l e v e l i n g  i s  r equ i r ed .  Power a s s i s t  i s  d e s i r a b l e ,  

(6)  The missile launcher s h a l l  provide f o r  t r a v e r s i n g  
the  launching r a i l s  a t  l e a s t  10 degrees  (15 degrees  d e s i r a b l e )  e i t h e r  
s i d e  of c e n t e r  without  moving the  launcher  mount and without  t he  use of 
o u t r i g g e r  s t a b i l i z i n g  j a c k s ,  The m i s s i l e  launcher  s h a l l  be capable of 
be ing  r epos i t i oned  r a p i d l y  throughout 360 degrees  t o  a  new cen te r  when 
azimuth s h i f t s  g r e a t e r  than t h e  c a p a b i l i t y  of t h e  on-car r iage  t r a v e r s e  
i s  r equ i r ed .  It i s  des i r ed  t h a t  t h i s  r e p o s i t i o n i n g  be accomplished i n  
l e s s  than two minutes ,  

(j) Miss i l e .  

(1) Sa fe ty  t o  crew members and ea se  of handl ing 
s h a l l  be s t r e s s e d  i n  t he  m i s s i l e  des ign .  

(2)  The m i s s i l e  s h a l l  be s o  designed t h a t  i t  may 
be removed from i t s  con ta ine r  and assembled wi th  t h e  expendi ture  of no t  
more than one man hour of l abor .  

(3) The missile s h a l l  be s o  designed t h a t  r ap id  
f u n c t i o n a l  t e s t s  can be performed wi th  t he  expendi ture  of no t  over one 
man hour of l abo r .  

(4) The m i s s i l e  s h a l l  be designed s o  t h a t  a  "go-no- 
go" check can be made immediately p r i o r  t o  f i r i n g  i n  a n  elapsed time of  
no t  more than f i v e  minutes.  

(5) 

i n  o r d e r  of p r i o r i t y .  

type w i t h  l e t h a l i t y  a s  

Warhead. 

(a)  The fo l lowing  warheads s h a l l  be developed 

(1) Shaped charge o r  o t h e r  pene t r a t i on  
s p e c i f i e d  i n  subparagraph d above. 



(2) P r a c t i c e  warhead f o r  t r a i n i n g .  This 
warhead shou ld .be  of t he  cheapest  i n e r t  c o n s t r u c t i o n  t h a t  w i l l  permit 
normal performance of t he  m i s s i l e .  No s p o t t i n g  charge o r  fuze i s  
r equ i r ed ,  

(b) F e a s i b i l i t y  s t u d i e s  should be conducted t o  
determine t h e  p r a c t i c a b i l i t y  of t he  use of t h e  fol lowing warheads w i th  
t h e  m i s s i l e  system: 

(1)  An atomic warhead whose development 
i i r ie  s c a l e  w i l l  t e  comnensurate wi th  t he  m i s s i l e  system develop men^ 
~ i n e  scaJ-e. 

(2) An optimum fragmentat ion warhead t h a t  
might be developed. 

(c )  Fuzing and Arming, 

(1)  The warhead fuze s h a l l  be armed by 
command while  t he  m i s s i l e  i s  i n  f l i g h t .  

(2) The warhead and fuze system s h a l l  be 
s o  designed a s  t o  prevent  de tona t ion ,  o r  a t  l e a s t  high-order  de tona t ion ,  
of a n  unarmed warhead on impact, 

(3) The fuze systems r equ i r ed  wi th  t h e  
warheads, l i s t e d  i n  subparagraph (5) (a )  above, s h a l l  be designed s o  a s  
t o  maximize s t a n d a r d i z a t i o n  of components. 

( 7 )  Durab i l i t y  and R e l i a b i l i t y ,  

(L) Ruggedness. A l l  e lements  of t he  system, 
i nc lud ing  t h e  i n i s s i l e s ,  rms t  be s u f f i c i e n t l y  rugged t o  wi ths tand  without  
damage those condi t ions  of t r a n s p o r t a b i l i t y  and environment a s  requi red  
i n  paragraphs (8) and (10) - below 

(b) R e l i a b i l i t y .  The r e l i a b i l i t y  of t he  m i s s i l e  
system should be such t h a t :  

(1) A t  l e a s t  90% of t h e  m i s s i l e s  removed 
from s i x  months s t o r a g e  (depot o r  f i e l d )  must pass  a l l  p r e f i r i n g  
checkout t e s t s  wi th  only minor ad jus tments  o r  component replacement by 
b a t t a l i o n  o r  b a t t e r y  personnel .  

(2)  Of t he  m i s s i l e s  which pass  t h e  pre-  
f i r i n g  checkout t e s t s ,  no t  more than 5% may f a i l  t o  launch a t  t h e  
des igna ted  time due t o  system malfunct ion throughout a  72 hour per iod  
fol lowing checkout.  - 

(3) I n  t he  absence of e f f e c t i v e  counter-  
measures,  those  m i s s i l e s  which launch must have a n  i n - f l i g h t  r e l i a b i l i t y  
of 95%' This  i s  t he  degree of a s su rance  t h a t  a f t e r  launch, t h e  m i s s i l e  
w i l l  no t  a b o r t  due t o  f a i l u r e  of m i s s i l e  o r  ground components, but  w i l l  



d e l i v e r  i t s  payload t o  t h e  s p e c i f i e d  t a r g e t  w i t h i n  t h e  normal d i spe r s ion  
l i m i t s  a s s o c i a t e d  wi th  t he  r equ i r ed  a c c u r a c i e s .  

(c )  S i m p l i c i t y ,  I n s o f a r  a s  p o s s i b l e  t he  
m i s s i l e  and i t s  a s s o c i a t e d  equipment s h a l l  be designed s o  t h a t  a l l  
ope ra t i ons  from removal from s t o r a g e  t o  f i r i n g  can be accomplished 
wi th  t h e  minimum of personnel ,  It s h a l l  be p o s s i b l e  t o  t r a i n  ope ra t i ng  
and maintenance personnel  qu ick ly  and e a s i l y ,  Checks and t e s t s  s h a l l  
be accomplished by s imple t e s t  equipment, p r e f e r ab ly  of t h e  "go-no-go" 
type ,  usab le  by semisk i l l ed  personnel .  

(d) Readiness ,  

(1) T o t a l  p r epa ra t i on  r equ i r ed  a t  t h e  
launcher  s h a l l  be he ld  t o  a  minimum. 

(2) The missile s h a l l  be  capable  of 
s t and ing  on t h e  launcher i n  a  "ready" cond i t i on  f o r  a t  l e a s t  24 hours 
The r e l i a b i l i t y  requirement s t a t e d  i n  subparagraph (7 ) (b ) (2 )  above, 
a p p l i e s  i f  t h e  missile i s  f i r e d  a t  any time du r ing  t h e  pe r iod  of 
r ead ines s .  

(3) M i s s i l e s  s h a l l  be capable  of being 
removed from "ready- t o -  launch" cond i t i on  and r e t u r n e d  t o  s t o r a g e ,  

(4)  E l e c t r i c a l  components which have a  
s i g n i f i c a n t  de lay  a f t e r  being turned  on, due t o  warm-up before  ope ra t i on ,  
should be capable  of being kept  i n  a  "ready-to-launch" s t a t e  f o r  
extended pe r iods .  

(e)  S a f e t y L  Maximum s a f e t y  p rov i s ions  s h a l l  
be i nco rpo ra t ed  t o  reduce hazards  t o  u s ing  t r o o p s ,  f r i e n d l y  personnel  
and i n s  t a  1 l a  t i o n s ,  

(8) T r a n s p o r t a b i l i t y ,  It i s  r equ i r ed  t h a t  the  com- 
p l e t e  system be h igh ly  mobile and a l l  e lements  of t h e  system inc luding  
missiles be capable  of being t r anspo r t ed  wi thout  damage by: 

(a)  Organic t r a n s p o r t a t i o n  over  unimproved 
roads and f i e l d  t e r r a i n .  It s h a l l  be a t  l e a s t  a s  mobile a s  medium f i e l d  
a r t i l l e r y .  S p e c i a l l y  designed t r a n s p o r t ,  i f  any,  should employ s tandard  
c h a s s i s  t o  t h e  maximum e x t e n t  p o s s i b l e .  I f  p r a c t i c a b l e ,  s tandard  Army 
t r a i l e r s  w i l l  be used. The weight ,  dimensions,  and wheel loading of the  
v e h i c l e s  adopted o r  designed f o r  t h i s  m i s s i l e  system s h a l l  no t  exceed 
the  l i m i t a t i o n s  p re sc r ibed  i n  S e c t i o n  TI of AR 700-105. 

(b) A i r .  I n  Phase 11 of t he  a i r b o r n e  opera t ion  
(SR 705-30-10)- The des ign  of major i tems of t h e  m i s s i l e  system s h a l l  
provide f o r  c e n t e r  of g r av i ty  marbings,  and t h e  necessary  tie-down 
f i t t i n g s  r equ i r ed  f o r  t r a n s p o r t a t i o n  i n  m i l i t a r y  cargo  a i r c r a f t .  

(c) R a i l  (AR 700- 105) . 



(d) Ship.  

( e )  Landing c r a f t .  I n  amphibious ope ra t i on  
(SR 705- 125- 10) a 

(9)  Associated Equipment. 

(a) Checkout and t e s t  equipmento 

(1) General .  A l l  t e s t  and checkout 
equipment s h a l l  be a s  simple,  r e l i a b l e ,  compact and rugged a s  p o s s i b l e ,  
and s h a l l  be designed to :  

( a )  Permit f u n c t i o n a l  type t e s t s  
which w i l l ,  i n  themselves,  i n d i c a t e  whether t h e  i tem being t e s t e d  i s  
ope ra t i ng  proper ly  , 

(b)  U t i l i z e  mult i -wafer  o r  "gang" 
swi tches ,  l abe led  f u n c t i o n a l l y .  

( c )  Trouble shoot ,  c a l i b r a t e ,  and 
prepare a l l  i nd iv idua l  major elements f o r  the  system f o r  ope ra t i on  
except dur ing  f i n a l  checkout when t e s t  equipment w i l l  i n d i c a t e  
"go-no- go" , 

(2)  M i s s i l e  t e s t  equipment, This t e s t  
equipment s h a l l  be designed s o  t h a t :  

( a )  Rapid f u n c t i o n a l  t e s t s  on t h e  
m i s s i l e  can be performed, 

(b)  Major m i s s i l e  components, which 
a r e  non-funct ioning o r  ope ra t i ng  beyond t o l e r a n c e  l i m i t s  a r e  immediately 
i nd i ca  t ed 

( c )  Any d e f e c t i v e ,  p lug- in  type ,  
components can be r ap id ly  i s o l a t e d  except  du r ing  f i n a l  checkout when 
t e s t  equipment w i l l  i n d i c a t e  "go-no-go" , 

(b)  Tra in ing  equipment and manuals. Con- 
c u r r e n t l y  wi th  t he  development of t he  m i s s i l e  system i t  i s  requi red  t h a t  
t r a i n i n g  a i d s  necessary f o r  the  conduct of t roop  t r a i n i n g  and Army 
school  t r a i n i n g  be developed, These inc lude :  

(1)  Manuals. For a l l  equipment no t  
s tandard  t o  t h e  Army on: 

( a )  Theory of ope ra t i on .  

(b) Maintenance and r e p a i r .  

( c )  Opera tors  i n s t r u c t i o n s .  



(3) Mock-ups and breadboards.  

(4 )  P r a c t i c e  and dummy warheads, 

(5) Dummy m i s s i l e s .  

( c )  Tools and p a r t s  l i s t s .  Concurrent ly  wi th  
t h e  development of t h e  m i s s i l e  system i t  i s  r equ i r ed  t h a t  t h e r e  be 
developed : 

(1) Standard and s p e c i a l  t o o l  l i s t s .  

(2) Spare p a r t s  l i s t s ,  

(d) Packaging, The m i s s i l e  system s h a l l  be so  
packaged a s  t o  wi ths tand  t r a n s p o r t  by r a i l ,  s h i p ,  o r  a i r c r a f t ,  by motor 
v e h i c l e  over  rough roads and c r o s s  count ry ,  landings through s u r f  and 
a c r o s s  beaches,  and t h e  normal hazards  of load ing ,  unloading,  and 
handl ing  i n c i d e n t  t o  t r anspo r t  and s t o r a g e .  

(10) Environmental Condi t ions .  

(a)  General.  The m i s s i l e  system s h a l l  be 
capable  of ope ra t i on  and s to rage  under environmental  cond i t i ons  a s  s e t  
f o r t h  i n  SR 705-70-5 and MIL-STD-210, 1 June  1953. 

(b) Spec i a l  requirements .  

(1) O p e r a b i l i t y .  

(a )  The equipment i s  r equ i r ed  t o  
have the  i nhe ren t  c a p a b i l i t y  of a c c e p t a b l e  performance w i t h i n  a n  a i r  
temperature  ex tending  from 1250F (minimum exposure of 4  hours  wi th  f u l l  
impact of s o l a r  r a d i a t i o n  (360 B T U / S ~  f t / h r ) )  down t o  -40°F (minimum 
exposure of 3  days without  b e n e f i t  of s o l a r  r a d i a t i o n ) .  

(b) I f  i t  can be accomplished wi th  
r e l a t i v e l y  smal l  i nc rease  i n  c o s t  and wi thout  m a t e r i a l  i nc rease  i n  s i z e  
and weight ,  i t  i s  d e s i r a b l e  t h a t  t h e  des ign  provide  accep tab l e  pe r fo r -  
mance i n  a i r  temperature  down t o  -65OF. 

(2) S torage  and t r a n s p o r t .  

(a )  The equipment i s  requi red  t o  be 
capable  of s a f e  s to rage  and t r a n s p o r t a t i o n  wi thout  impairment of i t s  
c a p a b i l i t i e s  from the  e f f e c t s  of t empera tures  from - 4 0 ' ~  ( f o r  per iods  
of a t  l e a s t  3  days dura t ion)  t o  1 4 0 ' ~  ( f o r  pe r iods  a s  long a s  4  hours 
pe r  day) -. 

(b) I f  i t  can be accomplished wi th  
r e l a t i v e l y  smal l  i nc rease  i n  c o s t  and without  m a t e r i a l  i nc rease  i n  s i z e  
and weight ,  i t  i s  d e s i r a b l e  t h a t  t h e  equipment be s u s c e p t i b l e  t o  s a f e  
s t o r a g e  and t r a n s p o r t a t i o n  without  impairment of its; c a p a b i l i t i e s  from . , I r 



t he  e f f e c t s  of temperatures from - 8 0 ' ~  (du ra t i on  of 24 hours ,  preceded 
and followed by equi l ib r ium a t  -40°F) t o  160°F ( f o r  pe r iods  a s  long a s  
4  hours per  day) .  

( 3 )  Barometric p re s su re .  

( a )  It i s  r equ i r ed  t h a t  t he  equipment 
sha 11 be designed t o  permit launching a t  a tmospheric  p re s su re s  
encountered from sea l e v e l  t o  10,000 f e e t  a l t i t u d e  above sea l e v e l .  

(b )  It is  r equ i r ed  t h a t  t he  equipment 
s h a l l  be designed t o  wi ths tand ,  without  damage, p r e s su re  encountered a t  
25,000 f e e t  a l t i t u d e  while  being a i r  t r anspo r t ed .  

(4 )  Humidity. I t  i s  r equ i r ed  t h a t  t he  
system perform i t s  intended func t ion  a t  a l l  r e l a t i v e  humid i t i e s  up t o  
100% a t  a l l  temperatures below 90°F and i n  t hose  temperatures  above 9 0 ' ~  
a t  a l l  r e l a t i v e  humidi t ies  up t o  t he  maximum o b t a i n a b l e  (no t  i n  excess  
of t h a t  corresponding t o  a  vapor p re s su re  of 36 inches  of mercury i f  
neces sa ry ) .  

(5) Wind. The system i s  requi red  t o  
w i th s t and ,  without  damage, su r f ace  gus t s  up t o  75 mi l e s  per  hour,  and 
be capable  of des ign  performance i n  g u s t s  up t o  50 mi l e s  per  hour and 
s t eady  su r f ace  winds up t o  40 mi l e s  pe r  hour .  

(6)  Other cond i t i ons .  The system i s  
r equ i r ed  t o  wi ths tand  without damage and be capable  of accep tab l e  
performance when subjec ted  t o :  

( a )  Wind blown o b j e c t s  such a s  snow, 
sand,  and d u s t .  

(b) Extreme p r e c i p i t a t i o n  i n  form of 
r a i n ,  snow, s l e e t ,  h a i l ,  and f r e e z i n g  r a i n .  

( c )  S a l t  spray a s  encountered i n  a 
beach l o c a t i o n .  

(d)  Swarms of i n s e c t s .  

( e )  Fungus, 

(11) K i t  Requirements. 

( a )  Low Temperature ope ra t i ons  . The develop- 
ment of k i t s  t h a t  may be necessary t o  permit Lin o p e r a t i n g  range down t o  
- 6 5 ' ~  s h a l l  not  de lay  the system. 

( b )  F o r d a t i l i t y .  Waterproozing ! i t s  a s  li,ay t e  
r e su i r ed  1-y SR 705-125-id t o  n e e t  t he  f o r d a b i l i t y  
r equ i r ed  t o r  combat and t a c t  i c a  1 ope ra t i ons .  

c h a r a c t e r i s t i c s  



(12) Other  Requirements .  

( a )  O v e r - a l l  sys tem.  T h i s  s h a l l  be a n  i n t e -  
g r a t e d  system of  equipment which w i l l  p r o v i d e  f o r  h a n d l i n g ,  s e r v i c i n g ,  
l aunch ing ,  guidance of t h e  m i s s i l e  t o  t h e  t a r g e t ,  and  d e s t r u c t i o n  of t h e  
t a r g e t .  Necessary  t o o l s ,  checkout  equipment ,  s p a r e  p a r t s ,  t r a i n i n g  a i d s ,  
i n s t r u c t i o n  m a n u s c r i p t s ,  SNL'S and  TM's s h a l l  be i n c l u d e d .  

(b )  Blackout .  The system s h a l l  be c a p a b l e  o f  
pe r fo rming  i t s  m i s s i o n  e f f e c t i v e l y  under a l l  c o n d i t i o n s  of weather  and 
v i s i b i l i t y  b o t h  day and n i g h t  where t h e  p o s i t i o n  of t h e  t a r g e t  can be 
a c c u r a t e l y  f i x e d  by v i s u a l  o r  o t h e r  means. The system s h a l l  be des igned  
f o r  opera  t i o n  under c o n d i t i o n s  o f  complete  b l a c k o u t .  

( c )  A r c t i c  c l o t h i n g .  A l l  e l ements  of t h e  
equipment must be operab le  by p e r s o n n e l  d r e s s e d  i n  heavy a r c t i c  c l o t h i n g  

( d )  Minimum o p e r a t i n g  p e r s o n n e l .  C o n s i s t e n t  
w i t h  o t h e r  requ i rements  of t h e  sys tem,  i t  s h o u l d  be s o  des igned  t o  
r e q u i r e  t h e  minimum of p e r s o n n e l  b o t h  f o r  o p e r a t i o n  and  maintenance.  

( e )  I n t e r c h a n g e a b i l i t y ,  Where p r a c t i c a b l e ,  
due c o n s i d e r a t i o n  shou ld  be g i v e n  t o  t h e  u s e  of s t a n d a r d  i t ems  a n d / o r  
components which would permi t  i n t e r c h a n g e a b i l i t y  w i t h  s i m i l a r  components 
of o t h e r  s t a n d a r d  systems o r  equipment.  

( f )  S t o r a g e .  The m i s s i l e  sys tem must be 
capab l e  o f  dead s t o r a g e  f o r  p e r i o d s  of t h r e e  o r  more y e a r s  and  s t o r a g e  
under f i e l d  c o n d i t i o n s  f o r  a t  l e a s t  one y e a r  w i t h  o n l y  minor main- 
t enance  and  p r e p a r a t i o n  f o r  a c t i v e  u s e .  

(g )  A l t e r n a t e  employment, S t u d i e s  shou ld  be 
made concern ing  t h e  f e a s i b i l i t y ,  b o t h  from a  t e c h n i c a  1 and  t a c t i c a  1 
viewpoint  concern ing  a l l  p o s s i b l e  combinat ions  of l aunch ing  from 
ground, s h i p  o r  Army a i r c r a f t  ( i n c l u d i n g  h e l i c o p t e r s )  and  g u i d i n g  from 
ground, s h i p ,  o r  a i r  ( i n c l u d i n g  h e l i c o p t e r s )  w i t h  changes  i n  equipment 
b e i n g  minimized,  

(13) Order of P r i o r i t y .  I n  t h e  c a s e  of competing 
c h a r a c t e r i s t i c s ,  t h e  deve lop ing  agency w i l l  g i v e  p r i o r i t y  i n  t h e  
f o l l o w i n g  o r d e r  of a b s o l u t e  e s s e n t i a l i t y :  

Accuracy.  

L e t h a l i t y .  

'Immunity t o  coun te rmeasures .  

R e l i a b i l i t y .  

S a f e t y .  

S i m p l i c i t y .  

Range o f  e f f e c t i v e  gu idance .  

Minimum s i z e  and  w e i g h t .  
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FROM: Subcommittee on Guided M i s s i l e s  

TO : Ordnance Technica 1  Commit t e e  

SUBJECT: GENERAL SUPPORT FIELD ARTILLERY G U I D E D  MISSILE SYSTEM - 
LACROSSE - DOA P r o j e c t  516-05-002 (TUI-2020) - Revision and 
Restatement of M i l i t a r y  C h a r a c t e r i s t i c s  (U) 

1. REFERENCES : 

References p e r t i n e n t  t o  t h i s  p r o j e c t  a r e  contained i n  paragraph 21a 
of a t t a c h e d  Appendix I ,  DD Form 613. 

2  , DISCUSSION: 

a .  The approva l  of t h e  o p e r a t i o n a l  and o r g a n i z a t i o n a l  concept f o r  
t h e  LACROSSE General  Support F i e l d  A r t i l l e r y  M i s s i l e  i n  r e f e r ence  t o  
a tomic and convent iona l  warheads r e q u i r e s  a  r e v i s i o n  i n  M i l i t a r y  
C h a r a c t e r i s t i c s  t o  inc lude  t h e  a d d i t i o n a l  requirements  f o r  t h e  m i s s i l e  
system, This  subcommittee r e p o r t ,  i n  a d d i t i o n  t o  a  s ta tement  of the  
M i l i t a r y  C h a r a c t e r i s t i c s  r e f l e c t i n g  t h e  expanded t a c t i c a l  miss ion ,  a l s o  
i nc ludes  t h e  mod i f i ca t i on  of c e r t a i n  c h a r a c t e r i s t i c s  t o  r e f l e c t  the  
r e s u l t s  of system performance being ach ieved  du r ing  development and 
t es t .  This  subcommittee r epo r t  i s  a  complete r e w r i t e  of OTCM 36066 

b .  Appendix I ,  DD Form 613, a t t a c h e d ,  inc ludes  o t h e r  information 
p e r t i n e n t  t o  t h i s  p r o j e c t  

c .  S e c u r i t y  check l i s t s  f o r  components of t h e  LACROSSE system were 
publ i shed  a s  OTCM 36482, da ted  14 March 1957. 

d .  Funds f o r  t h i s  p r o j e c t  a r e  a v a i l a b l e  i n  t h e  Ordnance Corps, 
Department of t he  Army 

3 ,  RECOMMENDATIONS: 

The Subcommittee recommends: 

a ,  That t h e  r ev i sed  M i l i t a r y  C h a r a c t e r i s t i c s  f o r  a  General Support 
F i e l d  A r t i l l e r y  Guided Mis s i l e  System - LACROSSE, be approved,  

b.  That P r o j e c t  LACROSSE, DOA P r o j e c t  516-05-002, (TUl-2020) wi th  
P r i o r i t y  l A ,  Technical  Objec t ive  LC-16 and Modernization Code X ,  be 
cont inued t o  meet t he se  r ev i sed  M i l i t a r y  C h a r a c t e r i s t i c s  a 



c .   hat s i k u r i t y  c l a s s i f i c a t i o n  of CONFIDENTIAL f o r  t he  p r o j e c t  be 
cont inued but t h a t  t h i s  paper be c l a s s i f i e d  SECRETo 

This i tem i s  of i n t e r e s t  t o  t he  USMC. 
/ s /  Edward Hayer 

C .  W. CLARK 
Col,  Ord Corps 
Chairman, Subcommittee 



RESEARCH AND DEVELOPMENT PROJECT CARD 
(Appendix I t o  OTCM 36527) 

21. b .  Approach: 

A d d i t i o n a l  r equ i rements  of t h e  m i s s i l e  sys tem e n v i s i o n e d  f o r  
LACROSSE i n  r e s p e c t  t o  a tomic  and  c o n v e n t i o n a l  warheads r e q u i r e s  a 
r e v i s i o n  i n  M i l i t a r y  C h a r a c t e r i s t i c s  t o  i n c l u d e  t h e s e  added r e q u i r e -  
ments ,  The expanded t a c t i c a l  m i s s i o n  a s  r e f l e c t e d  i n  t h e  r e v i s e d  
M i l i t a r y  C h a r a c t e r i s t i c s  a t t a c h e d  and  t h e  m o d i f i c a t i o n  of c e r t a i n  
c h a r a c t e r i s t i c s  as  recorded i n  r e s u l t s  of sys tem performance p r e s e n t l y  
b e i n g  a c h i e v e d  w i l l  i n £  luence t h e  development now underway, 

c .  Subtask:  

(1) TU1-2020A - LACROSSE M i s s i l e  and  R e l a t e d  Equipment 

(2) TU1-2020B - JATO, X M l O  f o r  LACROSSE M i s s i l e .  

e .  Other  I n f o r m a t i o n :  

( 3 )  The f o l l o w i n g  nomencla ture  h a s  been a s s i g n e d :  

( a )  GUIDED MISSILE, ARTILLERY, XM4 (OTCM 36066) 

(b) JATO UNIT, X M l O  (OTCM 36066) 

( c )  FUZE, WARHEAD, PIBD, T1405 (OTCM 36066) 

(d) LAUNCHER, GUIDED MISSILE, TRUCK MOUNTED, XM398 
(OTCM 36066) 

( e )  CONTAINER, SHIPPING, MISSILE BODY, XM374 (OTCM 36066) 

( f )  WARHEAD, GUIDED MISSILE, T34, T34E1, T34E2 (OTCM 
3 62 18) 

(g)  WARHEAD, GUIDED MISSILE, T34E3 (Same a s  T34E1 excep t  
f o r  m o d i f i c a t i o n s  t o  p rov ide  a new method of  a t t a c h m e n t ) .  

(h)  WARHEAD, GUIDED MISSILE, INERT, T47 (OTCM 36218) 

( i )  WARHEAD, GUIDED MISSILE, T48 (OTCM 36218) 

j WARHEAD, GUIDED MISSILE, INERT, T50 (OTCM 36218) 

( k )  IGNITER, JATO UNIT, XM47 (IGNITER f o r  JATO UNIT, XMl0 



s e r v i n g  a s  a n  arming and  d i sa rming  d e v i c e  f o r  t h e  m i s s i l e  p r o p u l s i o n  
sys tem) ,  

"(1) ELECTRONIC SHOP, TRUCK MOUNTED, XM411 ( C o n s i s t s  of 
TRUCK, VAN, SHOP, 2%-TON, 6x6, MI09 c o n t a i n i n g  s p e c i a l  t o o l s  and t e s t  
equipment f o r  t h e  Ground Guidance E l e c t r o n i c  Equipment).  

*(m) ELECTRONIC SHOP, TRUCK MOUNTED, XM412 ( C o n s i s t s  of 
TRUCK, VAN, SHOP, 2%-TON, 6x6, MI09 c o n t a i n i n g  s p e c i a l  t o o l s  and  t e s t  
equipment f o r  t h e  m i s s i l e  e l e c t r o n i c  guidance and  c o n t r o l  sys tem) .  

*(n) MAINTENANCE SHOP, SEMI TRAILER MOUNTED, XM413 (Con- 
s i s t s  of a  SEMI TRAILER, VAN SHOP, 6-TON, 2-WHEEL, M146, c o n t a i n i n g  
s p e c i a l  t o o l s  and  equipment f o r  f i e l d  maintenance o f  t h e  h y d r a u l i c ,  
e l e c t r i c a l  and p r o p u l s i o n  system of t h e  XM4 guided m i s s i l e  body, and  
a l s o  f o r  t h e  wings and f i n s )  . 

( 0 )  TRUCK, HAND, GUIDED MISSILE BODY, XM414 (A welded 
t u b u l a r  s t e e l  frame w i t h  pneumatic t i r e s  and  c a p a b l e  of b e i n g  s e p a r a t e d  
i n t o  t h r e e  s e p a r a t e  u n i t s  f o r  s u p p o r t i n g  t h e  forward s e c t i o n s ,  a f t  
s e c t i o n  and J a t o  d u r i n g  r e p a i r  and  maintenance.  

( p )  SLING, JATO UNIT, XM7 (A s t e e l  " s t r o n g  back" type  
s l i n g  f o r  use  d u r i n g  i n s t a l l a t i o n  and  removal of t h e  j a t o  u n i t  from t h e  
m i s s i l e )  . 

( i )  SLING, GUIDED MISSILE, XM" (A s t e e l  " s t r o n g  back" 
iype cling t o r  use  i n  hand l ing  o i  t h e  LACROSSE m i s s i l e  body) .  

( r )  SLING, GUIDED MISSILE, XM9 (A s t e e l  " s t r o n g  backtt  
type  s l i n g  f o r  use  i n  h a n d l i n g  o f  t h e  XM4 guided m i s s i l e ) .  

f ,  F u t u r e  P l a n s :  

Development of Mod I and  Phase  I and  Phase  I1 Airborne 
Guidance Systems i s  t o  be con t inued .  Work w i l l  be performed t o  meet 
t h e  a d d i t i o n a  1 requ i rements  a s  con ta ined  i n  t h e  a t t a c h e d  Revised 
M i l i t a r y  C h a r a c t e r i s t i c s .  

* These i t ems  w i l l  be r e v i s e d  upon d e t e r m i n a t i o n  of t h e  f i n a l  t e s t  shop 
requ i rement .  

UNCLASSIFIED 8 - 4  - 



REVISED MILITARY CHARACTERISTICS FOR A GENERAL SUPPORT FIELD 
ARTILLERY GUIDED MISSILE SYSTEM (S) 

( Inc lo su re  1 t o  Appendix I ,  OTCM 36527) 

1. Opera t iona 1 Concept : 

a .  The General  Support  F i e l d  A r t i l l e r y  Guided M i s s i l e  System 
w i l l  be employed a s  corps  a r t i l l e r y  i n  gene ra l ' suppo r t  and r e i n f o r c i n g  
r o l e s  a g a i n s t  a p p r o p r i a t e  personne l  and m a t e r i e l  t a r g e t s ,  i nc lud ing  
heavy f o r t i f i c a t i o n s .  The system w i l l  be capab l e  of d e l i v e r i n g  a c c u r a t e  
c l o s e  suppor t  f i r e s .  The mob i l i t y  of t h e  General  Support  F i e l d  
A r t i l l e r y  Guided Missile System w i l l  permit  t a c t i c a l  employment s i m i l a r  
t o  t h a t  of medium a r t i l l e r y ,  I n  o r d e r  t o  i n s u r e  a  h igh  degree of 
m o b i l i t y  and f l e x i b i l i t y  of o p e r a t i o n s  i n  c e r t a i n  t a c t i c a l  s i t u a t i o n s ,  
t h e  system w i l l  have t h e  c a p a b i l i t y  of be ing  h e l i c o p t e r  t r a n s p o r t a b l e .  
Although t h e  General  Support  F i e l d  A r t i l l e r y  Guided M i s s i l e  b a t t a l i o n s  
w i l l  n o m l l y  be a t t a c h e d  t o  a r t i l l e r y  group headqua r t e r s  t o  f a c i l i t a t e  
c o n t r o l  by corps  a r t i l l e r y ,  a  b a t t a l i o n  may be a t t a c h e d  t o  a  d i v i s i o n  
i n  s p e c i a l  s i t u a t i o n s .  A LACROSSE b a t t e r y  hav ing  a n  a s s a u l t  landing 
c a p a b i l i t y  du r ing  Phase I a i r b o r n e  o p e r a t i o n s  w i l l  be organ ic  Lo t h e  
new a i r b o r n e  d i v i s i o n  i f  t h e  m i s s i l e  system proves t o  be t h e  b e s t  
genera  1 suppor t  weapon. 

b. The General Support  F i e l d  A r t i l l e r y  Guided M i s s i l e  forward 
obse rve r  s e c t i o n s  w i l l  be o rgan ized  and equipped t o  work i n  conjunc t ion  
w i th  d i v i s i o n  a r t i l l e r y  i n  suppor t  o f  a i r b o r n e ,  i n f a n t r y ,  and armor 
u n i t s ,  A l l  forward guidance equipment w i l l  be man- t ranspor tab le  and 
each of  t h e s e  s e c t i o n s  w i l l  be capable  of o p e r a t i n g  e i t h e r  dismounted 
o r  from a  114-ton t ruck  (with  minimum number of i t e m s  dismounted).  

c .  The b a t t a l i o n  w i l l  be capable  of a  maximum r a t e  of f i r e  of 
a t  l e a s t  f o u r  (4) m i s s i l e s  pe r  l auncher  p e r  hour f o r  one hour provided 
t h e  launcher  is  loaded a t  i t s  f i r i n g  p o s i t i o n  and a  su s t a ined  r a t e  of 
f i r e  of a t  l e a s t  e i g h t  (8) missiles p e r  l auncher  per  day, 

2 .  Organ i za t i ona l  Concept: 

a .  The b a s i c  General Support  F i e l d  A r t i l l e r y  Guided M i s s i l e  
u n i t  f o r  co rps  a r t i l l e r y  w i l l  be a  sma l l ,  s e p a r a t e  b a t t a l i o n  c o n s i s t i n g  
of a  headqua r t e r s  and s e r v i c e  b a t t e r y  and a  f i r i n g  b a t t e r y .  The 
b a t t a l i o n  w i l l  have two sets of  assembly and load ing  equipment 
( p r e s e n t l y  each  set con t a in s  one (1) l aunche r ) ,  f ou r  l aunchers ,  and 
f o u r  forward guidance s t a t i o n s ,  and w i l l  be organized s o  a s  t o  be s e l f -  
s u s t a i n i n g  t o  t h e  maximum e x t e n t  p r a c t i c a b l e  . 

b. The b a s i s  of a l l o c a t i o n  w i l l  be t h r e e  General Support F i e l d  
A r t i l l e r y  Guided M i s s i l e  b a t t a l i o n s  p e r  c o r p s .  I f  t h e  m i s s i l e  system 
proves  t o  be t h e  b e s t  gene ra l  suppor t  weapon, one LACROSSE b a t t e r y  w i l l  
be inc luded  i n  each  a i r b o r n e  d i v i s i o n .  

c .  The b a t t a l i o n  w i l l  have 100 p e r  c e n t  t a c t i c a l  m o b i l i t y .  



3 Considerat ion of T r i p a r t i t e ,  Navy, A i r  Force,  and Marine Corps 
Development A c t i v i t i e s :  

A review of development p r o j e c t s  of o t h e r  s e r v i c e s  and 
t r i p a r t i t e  na t ions  d i s c l o s e s  no system whose c h a r a c t e r i s t i c s  a r e  such 
a s  t o  f u l f i l l  t he  requirement f o r  a  su r f ace - to - su r f ace  m i s s i l e  a s  
he re in  descr ibed .  

4 .  F e a s i b i l i t y  of Development: 

The development of the c lose-suppor t  guided m i s s i l e  system 
having the  c h a r a c t e r i s t i c s  he re in  descr ibed  i s  considered f e a s i b l e  and 
p r a c t i c a b l e .  I f  during the  development phase i t  appears  t o  the  design 
agency t h a t  the  c h a r a c t e r i s t i c s  l i s t e d  h e r e i n  r e q u i r e  the  inco rpora t ion  
of c e r t a i n  imprac t icable  f ea tu re s  and /o r  unnecessar i ly  expensive and 
complicated components o r  devices ,  c o s t l y  manufacturing methods and 
processes ,  c r i t i c a l  ma te r i a l s  o r  r e s t r i c t i v e  s p e c i f i c a t i o n s  which serve  
a s  a  de t r iment  t o  the  m i l i t a r y  va lue  of t he  i tem such ma t t e r s  w i l l  be 
brought t o  t he  immediate a t t e n t i o n  of Department of t he  Army and 
Continenta 1 Army C o m n d  f o r  c a r e f u l  considera t i o n  before  incorpora t ion  
i n  t he  f i n a l  des ign ,  

5 .  Configurat ion:  

a .  General.  The s i z e  and weight of a l l  major components of 
the  system s h a l l  be the  m w i m u m  a t t a i n a b l e ,  compatible wi th  t h e i r  
intended employment, c h a r a c t e r i s t i c s  s p e c i f i e d ,  and sub jec t  t o  such 
l i m i t a t i o n s  a s  a r e  imposed by: 

(2)  Loading dimensions contained i n  Berne I n t e r n a t i o n a l  
Agreement ("Most Foreign Lines (Berne I n t e r n a t i o n a l )  Standard Gauge") . 

b.  Guidance and Cont ro l .  The equipment,required i n  the  
forward guidance s t a t i o n  s h a l l  be a s  l i g h t  a s  p o s s i b l e ,  and s h a l l  be 
capable of being broken down i n t o  man- t r a n s p o r t a b l e  loads.  

6 .  Performance: 

a .  Range: 

(1)  Maximum m i s s i l e  range: 

( a )  Required. Not l e s s  than  30,000 meters .  
(b) Desired. Not l e s s  than  35,000 meters .  

(2)  Minimum m i s s i l e  range: 

( a )  Required. Not more than  8,000 meters'. 
(b )  Desired. Not more than 4,000 meters .  



(3)  Maximum guidance range (us ing  t a r g e t  survey u n i t  d a t a ) ,  

( a )  Required. Not l e s s  than  5,000 meters ,  
(b)  Desired. Not l e s s  than  8,000 meters ,  

(4)  Maximum guidance range ( u s i n g  ex terna  1 da t a )  ( s ee  
subparagraph g. below). 

( a )  Required, Not l e s s  than  20,000 meters .  
(b)  Desired. Not l e s s  than  35,000 meters .  

(5)  Minimum guidance range: 

( a )  Required. Not more than  250 meters ,  
(b)  Desired. As s h o r t  a s  poss ib l e  c o n s i s t e n t  with 

o t h e r  cons ide ra t ions  of the  system, 

b.  Midcourse guidance. Provis ion  w i l l  be made t o  guide the 
m i s s i l e  by i n e r t i a l  means between launch and a c q u i s i t i o n  by te rmina l  
guidance equipment, 

c ,  Accuracy. The degree of accuracy which can be achieved by 
t h e  system has a very important e f f e c t  on t h e  f l e x i b i l i t y  of employment 
of t h e  system. An extremely h igh  degree of accuracy w i l l  permit 
e f f i c i e n t  and e f f e c t i v e  c lose  support  f i r e  by t h e  system; hence, 
accuracy i s  a determining f a c t o r  i n  t h e  use fu lnes s  of t h e  system. It 
is  a n t i c i p a t e d  t h a t  c e r t a i n  elements of a forward guidance s t a t i o n  w i l l  
normally be emplaced s o  t h a t  they a r e  masked from the  t a r g e t  by t e r r a i n  
i n  o rde r  t o  minimize h o s t i l e  countermeasures.  This  usage of t he  system 
s h a l l  no t  cause degradat ion of t h e  m i s s i l e  accuracy .  The accuracy of 
t h e  system s h a l l  be a func t ion  of t he  forward guidance s t a t i o n  t o  t a r g e t  
range. Under a l l  condi t ions  s p e c i f i e d  i n  t h i s  and i n  paragraph 1 above, 
t he  system s h a l l  have the  fol lowing accuracy:  

(1)  Using i n t e g r a l  equipment da t a  a t  range a s  s p e c i f i e d  
i n  subparagraph 6 .a .  (3) above. 

( a )  Required, CPE not  t o  exceed f i v e  (5)  meters 
(b) Desired,  CPE not  t o  exceed two (2)  meters ,  

(2)  Using da t a  from e x t e r n a l  sources  a t  ranges a s  
s p e c i f i e d  i n  subparagraph 6 . a .  ( 4 ) ,  t h e  a c c u r a c i e s  h e r e i n  s p e c i f i e d  a r e  
those  r equ i r ed  Of t h e  system exc lus ive  of t a r g e t  l oca t ion  accuracy'  

( a )  Required, CPE not  t o  exceed 40 meters .  
(b)  Desired. CPE not  t o  exceed 30 meters ,  

d .  L e t h a l i t y :  

(1)  L e t h a l i t y  with shaped charge warhead, Assuming a 
d i r e c t  h i t  on a hard t a r g e t ,  t he  m i s s i l e  warhead should have s u f f i c i e n t  



l e t h a l i t y  t o  des t roy  f o r t i f i c a t i o n s  of t h e  type normally encountered i n  
a d e l i b e r a t e l y  prepared defens ive  pos i t i on .  A c a p a b i l i t y  of pene t r a t ing  
a minimum of s i x  f e e t  of r e in fo rced  concre te  a t  60° o b l i q u i t y  o r  12 f e e t  
a t  zero  degrees o b l i q u i t y  i s  r equ i r ed ,  I n  a d d i t i o n ,  warhead design 
s h a l l  be such a s  t o  produce beyond-penetrat ion e f f e c t s  render ing  
inope ra t ive  personnel  occupying the  defea ted  f o r t i f i c a t i o n .  

(2) L e t h a l i t y  wi th  con t ro l l ed  fragmentat ion warhead. The 
l e t h a l i t y  of t h e  warhead s h a l l  be a s  h igh  and uniform a s  p r a c t i c a b l e  
w i t h i n  a given maximum e f f e c t s  r a d i u s ,  and a s  low a s  p o s s i b l e  ou t s ide  
t h i s  r a d i u s ,  and s h a l l  be such t h a t  t h e  system accuracy and the  
l e t h a l i t y  of t he  warhead s h a l l  produce a n  e f f i c i e n t  and economical 
method of achiev ing  the  des i r ed  casua l ty  e f f e c t *  

e ,  Speed, I n  order  t o  reduce the  v u l n e r a b i l i t y  of t he  m i s s i l e  
t o  small  arms and a n t i a i r c r a f t  a r t i l l e r y  and atomic weapons f i r e ,  t h e  
speed of t he  m i s s i l e  s h a l l  be the  maximum commensurate wi th  t h e  
maneuverabi l i ty  and con t ro l  requi red  t o  accomplish the  accuracy 
spebi f  i ed  i n  subparagraph c , above. 

f .  Propulsion,  A s o l i d  p rope l l an t  rocke t  motor i s  requi red  
and s h a l l  be i n t e g r a l  t o  the  m i s s i l e .  

g o  Guidance and Cont ro l ,  Any system of guidance which w i l l  
accomplish the  accuracy requirement s t a t e d  h e r e i n  throughout t he  
requi red  range w i l l  be accep tab le ,  The fo l lowing  c h a r a c t e r i s t i c s  a r e  
des i r ed  of t h e  guidance system: 

(1) The system s h a l l  permit engagement of t a r g e t s  w i t h i n  
a 360 degree s e c t o r  around the  forward guidance s t a t i o n .  

(2)  Line of s i g h t  w i l l  not be r equ i r ed  between launcher 
and ground guidance equipment, 

(3)  Su i t ab l e  a n t i  jamming f e a t u r e s  s h a l l  be designed i n t o  
the  m i s s i l e  and i n t o  the  ground guidance equipment t o  minimize the  
e f f e c t  of enemy e l e c t r o n i c  countermeasures and e f f e c t i v e l y  reduce i n t e r -  
fe rence  from f r i e n d l y  con t ro l  s t a t i o n s  o r  o t h e r  e l e c t r o n i c  devices .  It 
s h a l l  be poss ib l e  t o  opera te  s imultaneously four  guidance s t a t i o n s ,  each 
c o n t r o l l i n g  a m i s s i l e ,  i n  t he  same v i c i n i t y  wi thout  mutual i n t e r f e r e n c e .  

( 4 )  Any launcher s h a l l  be capable of ope ra t ing  wi th  any 
forward guidance s t a t i o n ,  and any forward guidance s t a t i o n  sha 11 be 
capable of ope ra t ing  wi th  any launcher ,  wi th  no more than  minor a d j u s t -  
ments i n  t h e  system, 

(5) It i s  requi red  t h a t  t h e  guidance system be capable 
of succes s fu l ly  a t t a c k i n g  t a r g e t s  not  observable  from t h e  forward 
guidance s t a t i o n  because of darkness ,  inclement weather ,  o r  t e r r a i n  
masking; o r  t a r g e t s  beyond the  range of t he  t a r g e t  l o c a t i o n  equipmento 
For t h i s  reason,  t h e  ground guidance equipment must be capable of 



accep t ing  f i r i n g  data  obtained from o u t s i d e  sources such a s  map o r  
survey d a t a ,  o r  t a r g e t  l oca t ion  da ta  prev ious ly  determined by the  t a r g e t  
l oca t ion  equipment. It i s  r e a l i z e d  t h a t  t h e  system accuracy w i l l  be 
degraded a t  extended guidance ranges when us ing  da t a  e x t e r n a l  t o  the  
system- It i s  requi red  t h a t  t he  equipment accep t  such da t a  f o r  t a r g e t s  
a s  f a r  a s  20,000 meters from the  ground guidance quipment, but  i t  i s  
h ighly  d e s i r a b l e  t h a t  t h i s  c a p a b i l i t y  be extended t o  a t  l e a s t  35,000 
meters .  

h .  Rate of F i r e :  

(1)  The maximum r a t e  of f i r e  shall be no t  l e s s  than four  
(4)  m i s s i l e s  per  launcher f o r  one hour provided t h e  launcher i s  loaded 
i n  i t s  f i r i n g  p o s i t i o n ,  

(2 )  A s i n g l e  guidance' s t a t i o n  s h a l l  be capable of handling 
8 m i s s i l e s  per  hour where each m i s s i l e  i s  guided t o  a  d i f f e r e n t  t a r g e t  

i ,  Launcher, Because of t h e  smoke and dus t  s t i r r e d  up by the  
exhaust  gas of a  rocket  motor and the  cone of flame emanating from a 
burning rocket  motor, guided m i s s i l e  launching p o s i t i o n s  a r e  h ighly  
s u s c e p t i b l e  t o  l oca t ion  by h o s t i l e  obse rva t ion  f a c i l i t i e s .  Furthermore, 
a  m i s s i l e  launcher  wi th  a  m i s s i l e  i n  p l ace  prepared f o r  launching i s  
h ighly  s u s c e p t i b l e  t o  d e t e c t i o n  by h o s t i l e  a e r i a l  observa t ion ,  Those 
condi t ions  d i c t a t e  that the  m i s s i l e  launcher  f o r  a  r e l a t i v e l y  s h o r t  
range guided m i s s i l e  system w i l l  probably have t o  be moved f requent ly  
and must have h igh  mobi l i ty  t o  permit t h i s  movement i n  a s  s h o r t  a  time 
a s  p o s s i b l e .  

(1 )  A se l f -p rope l l ed  launcher  i s  r equ i r ed  f o r  support of 
sus t a ined  ground combat, I f  the  s e l f - p r o p e l l e d  launcher  cannot be 
h e l i c o p t e r  t r anspor t ed ,  a n  a d d i t i o n a l  s p e c i a l  purpose h e l i c o p t e r  
t r a n s p o r t a b l e  launcher i s  requi red .  

(2)  The se l f -p rope l l ed  m i s s i l e  launcher s h a l l  be capable 
of t r a n s p o r t i n g  a n  assembled m i s s i l e  c ross -count ry  from a n  assembly 
a r e a  t o  t h e  f i r i n g  pos i t i on .  

(3)  I f  a  s epa ra t e  h e l i c o p t e r  t r a n s p o r t a b l e  launcher i s  
r equ i r ed ,  t h e  launcher s h a l l  be capable of being towed by a  s tandard ,  
l i g h t  automotive veh ic l e .  Ground mob i l i t y  i s  r equ i r ed  of the  launcher 
and a n c i l l a r y  equipment t o  accomplish displacement necessary f o r  t he  
continuous support of ground ope ra t ions  i n  a  moving s i t u a t i o n .  

(4)  Being i n  c l o s e  v i c i n i t y  t o  a  prepared launching s i t e  
and loaded wi th  a  prev ious ly  checked out  m i s s i l e ,  i n  t r a v e l i n g  p o s i t i o n ,  
no more than  15 minutes s h a l l  be r equ i r ed  t o  emplace t h e  l aunche r ( s ) ,  
o r i e n t  i n  azimuth and e l e v a t i o n ,  make f i n a l  m i s s i l e  check, and f i r e .  

(5)  The m i s s i l e  launcher (s )  s h a l l  be capable of going "out 
of ac t ion"  and i n t o  t r a v e l i n g  p o s i t i o n  i n  not  more than  f i v e  minutes., 
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(6)  The m i s s i l e  launcher (s )  s h a l l  be equipped wi th  the  
s i g h t i n g ,  t r ave r s ing ,  l eve l ing ,  and e l e v a t i n g  mechanisms t o  
lid pos i t i on ing  of the  m i s s i l e  f o r  launching. The launcher (s )  

and/or  i t s  on-car r iage  f i r e  con t ro l  system s h a l l  compensate f o r  can t s  
up t o  lo0 and forward o r  reverse  s lopes  up t o  lo0,  Standard f i e l d  
.~i:: . .! . lery s i g h t i n g  and lay ing  equipment a r e  d e s i r a b l e  f o r  lay ing  i n  
azirriuth and e l eva t ion .  Provis ion  f o r  manua 1 e l e v a t i n g ,  t r a v e r s i n g ,  and 
l e v e l i n g  i s  requi red .  Power a s s i s t  i s  d e s i r a b l e ,  

( 7 )  The m i s s i l e  launcher (s )  s h a l l  provide f o r  t r a v e r s i n g  
t h e  launching r a i l s  a t  l e a s t  lo0 (15' d e s i r a b l e )  e i t h e r  s i d e  of c e n t e r  
without  moving the  launcher mount and without  t h e  use of o u t r i g g e r  
s t a b i l i z i n g  jacks.  The m i s s i l e  launcher (s )  s h a l l  be capable of being 
r epos i t i oned  r ap id ly  through 360' t o  a  new c e n t e r  when azimuth s h i f t s  
g r e a t e r  than the  c a p a b i l i t y  of the  on-car r iage  t r a v e r s e  a r e  r equ i r ed .  
It i s  des i r ed  t h a t  t h i s  r epos i t i on ing  be accomplished i n  l e s s  than two 
minutes.  

j  Mis s i l e :  

(1)  Safety t o  crew members and ease  of handl ing s h a l l  be 
s t r e s s e d  i n  t he  m i s s i l e  des ign ,  

(2)  The m i s s i l e  s h a l l  be so  designed that i t  may be removed 
from i t s  conta iner  and assembled with t h e  expendi ture  of no t  more than 
one man hour of labor .  

(3)  The m i s s i l e  s h a l l  be s o  designed t h a t  r ap id  func t iona l  
t e s t s  can be performed with the expendiLure of not  over one man hour oE 
l abo r .  

(4)  The m i s s i l e  s h a l l  be designed so  t h a t  a  "go-no-go" 
checi. can be made i~nmediately p r i o r  t o  f i r i n g  i n  a n  e lapsed  time of not  
more than f i v e  minutes ,  

(5)  Warheads : 

( a )  Types of warheads i n  o rde r  of p r i o r i t y  a r e :  

1. Atomic f o r  use a g a i n s t  personnel ,  i n s t a l -  
l a t  i ons ,  and any o the r  a p p r o p r i a t e  t a c t i c a l  t a r g e t s .  

2. Control led fragmentat ion f o r  use a g a i n s t  - 
personnel  and m a t e r i e l .  

3 .  Shaped charge o r  o t h e r  p e n e t r a t i o n  type with 
l e t h a l i t y  a s  s p e c i f i e d  i n  subparagraph 6.d.  ( 1 ) .  

4 .  P r a c t i c e  Warhead. This  warhead should be 
the  most economical cons t ruc t ion  t h a t  w i l l  permit normal performance of 
t he  m i s s i l e ,  and w i l l  provide fuze s e t t i n g  Imobs, response- type 
r e c e p t a c l e s ,  openings s i m i l a r  t o  t he  atomic warhead 
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s e c t i o n .  No a i r b u r s t  o r  impact fuze i s  d e s i r e d .  I f ,  when developed, 
t h e  fuz ing  system f o r  t he  optimum fragmentat ion warhead proves t o  be 
s u f f i c i e n t l y  economical t o  permit use i n  a  p r a c t i c e  warhead, an  a i r b u r s t  
c a p a b i l i t y  u t i l i z i n g  t h i s  fuze i s  d e s i r e d .  

5 .  Chemical f o r  use a g a i n s t  a p p r o p r i a t e  t a r g e t s .  - 

6 ,  Incendiary  f o r  use a g a i n s t  a p p r o p r i a t e  - 
t a r g e t s .  

(b) The atomic warhead and adap t ion  k i t  f e a t u r e s  fo r  
t h e  a tomic  warhead s e c t i o n  a r e  descr ibed  i n  a p p r o p r i a t e  m i l i t a r y  and 
t e c h n i c a l  c h a r a c t e r i s t i c s .  

(c)  Provis ions  s h a l l  be included i n  t h e  m i s s i l e  t o  
permit de tona t ion  of t he  warheads a t  h e i g h t s  compatible wi th  warhead 
and fuz ing  requirements ., 

(d) Fuzing and Arming: 

1. The warhead fuze  s h a l l  be armed by command 
whi le  t h e  m i s s i l e  is  in- f l igh t  except  fuze  arming f o r  t he  atomic and 
c o n t r o l l e d  fragmentat ion warheads may be accomplished. 

a. By v a r i a b l e  arming time which can be s e t  - 
p r i o r  t o  launch, 

b .  By arming a t  a  minimum f ixed  time p r i o r  - 
t o  de tona t ion .  

c ,  A t  a  f i x e d  po in t  on t he  t r a j e c t o r y .  - 

d .  By command. - 
Choice of arming system f o r  t he  atomic and con- 

t r o l l e d  fragmentat ion warheads should be based on t h e  arming system 
which provides  a  maximum combination of r e l i a b i l i t y  and s a f e t y .  

2 .  The warhead and fuze  system s h a l l  be designed 
s o  a s  t o  prevent  undesired de tona t ion ,  o r  a t  l e a s t  h igh-order  de tona t ion ,  
of a n  atomic warhead on impact. 

3 .  The fuze systems r equ i r ed  w i th  t he  warheads, 
l i s t e d  i n  subparagraph 75) (a)  above, s h a l l  be designed s o  a s  t o  maximize 
s t a n d a r d i z a t i o n  of components. 

7 .  D u r a b i l i t y  and R e l i a b i l i t y :  

a .  Ruggedness. A l l  e lements  of t h e  system, i nc lud ing  the  
m i s s i l e s ,  must be s u f f i c i e n t l y  rugged t o  wi ths tand  without damage those 
cond i t i ons  of t r a n s p o r t a b i l i t y  and environment a s  r equ i r ed  i n  paragraph 
8 and 10 below. 

b u  R e l i a b i l i t y .  The r e l i a b i l i t y  of :he m i s s i l e  system should 
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be such t h a t :  

(1)  A t  l e a s t  90% of t h e  m i s s i l e s  removed from s i x  months 
s t o r a g e  (depot  o r  f i e l d )  must pass  a l l  p r e f i r i n g  checkout t e s t s  w i th  
only minor ad jus tments  o r  component replacement  by b a t t a l i o n  o r  b a t t e r y  
personne l .  

(2 )  Of t he  missiles which pas s  t h e  p r e f i r i n g  checkout 
t e s t s ,  n o t  more than 5% may f a i l  t o  launch a t  t h e  de s igna t ed  time due 
t o  system malfunct ion throughout a  72 hour pe r iod  fo l lowing  checkout.  

(3 )  I n  t he  absence of e f f e c t i v e  countermeasures,  those 
m i s s i l e s  which launch must have a n  i n - f l i g h t  r e l i a b i l i t y  of 95%. This  
i s  t h e  degree  of assurance  t h a t ,  a f t e r  launch,  t h e  m i s s i l e  w i l l  no t  
a b o r t  due t o  f a i l u r e  of m i s s i l e  o r  ground components, bu t  w i l l  d e l i v e r  
i t s  payload t o  t h e  s p e c i f i e d  t a r g e t  w i t h i n  t h e  normal d i s p e r s i o n  l i m i t s  
a s s o c i a t e d  w i th  t he  r equ i r ed  a c c u r a c i e s .  

c .  S implSc i tyL I n s o f a r  a s  p o s s i b l e  t h e  m i s s i l e  and i t s  
a s s o c i a t e d  equipment s h a l l  be designed s o  t h a t  a l l  ope ra t i ons  from 
removal from s to r age  t o  f i r i n g  can be accomplished wi th  t h e  minimum of 
pe r sonne l ,  It s h a l l  be p o s s i b l e  t o  t r a i n  o p e r a t i n g  and maintenance 
personne l  qu i ck ly  and e a s i l y .  Checks and t e s t s  s h a l l  be accomplished 
by s imple  t e s t  equipment, p r e f e r ab ly  of t h e  "go-no-go" type ,  usab le  by 
s e m i s k i l l e d  personnel .  

d .  Readiness:  

(1 )  To t a l  p r epa ra t i on  r e q u i r e d  a t  t h e  launcher s h a l l  be 
h e l d  t o  a  minimum. 

(2)  The m i s s i l e  s h a l l  be capable  of s t and ing  on t h e  
launcher  i n  a  "ready" cond i t i on  f o r  a t  l e a s t  24 hou r s .  The r e l i a b i l i t y  
requirement  s t a t e d  i n  subparagraph 7 .b . (2 )  above, a p p l i e s  i f  t h e  m i s s i l e  
i s  f i r e d  a t  any time dur ing  t h e  pe r iod  of r e a d i n e s s .  

(3 )  M i s s i l e s  s h a l l  be capable  of be ing  removed from 
"ready- t o -  launch" cond i t i on  and r e t u r n e d  t o  s t o r a g e .  

(4)  E l e c t r i c a  1 components which have a  s i g n i f i c a n t  de lay  
a f t e r  be ing  tu rned  on, due t o  warm-up be fo re  o p e r a t i o n ,  should be 
capable  o f  be ing  kept i n  a  "ready- t o -  launch" s t a t e  f o r  extended p e r i o d s .  

e .  S a f e t y ;  Maximum s a f e t y  p r ecau t ions  s h a l l  be incorpora ted  
t o  reduce hazards  t o  us ing  t roops ,  f r i e n d l y  pe r sonne l ,  and i n s t a l l a t i o n s  

(1)  The atomic warhead, w i t h  a s s o c i a t e d  fuz ing  and arming 
components, and t he  m i s s i l e  system s h a l l  i nc lude  s a f e t y  f e a t u r e s  
r e q u i r e d  t o  g ive  t h e  h ighes t  p o s s i b l e  a s su rance  t h a t  a  nuc l ea r  exp los ion  
w i l l  no t  occur  a t  unsafe a l t i t u d e s  over  f r i e n d l y  t r oops ,  I n  any ca se ,  
t h e  p r o b a b i l i t y  of such a n  explos ion  s h a l l  be l e s s  t han  one i n  10,OOOL 
These s a f e t y  I e a t u r e s  s h a l l  a l s o  be e f f e c t i v e  f o r  missiles which burn 



on t h e  launcher o r  impact i n  f r i e n d l y  t e r r i t o r y .  ~ h & - i n i s s ' i l e  system 
s h a l l  be capable of providing a  s e l f - d e s t r u c t  s i g n a l  t o  the  atomic 
warhead i n s t a l l a t i o n  i n  case of l o s s  of m i s s i l e  c o n t r o l  over f r i e n d l y  
t roops .  

(2)  The con t ro l l ed  fragmentat ion warhead, wi th  a s s o c i a t e d  
fuz ing  and arming components, and the  m i s s i l e  sys  tem sha 11 inc lude  
s a f e t y  f e a t u r e s  requi red  t o  g ive  a n  o v e r - a l l  p r o b a b i l i t y  of the  warhead 
func t ion ing  p r i o r  t o  the  intended po in t  of de tona t ion  i n  space,  
i nc lud ing  to l e rances ,  of l e s s  than one i n  10,000. 

8.  T r a n s p o r t a b i l i t y .  It i s  r equ i r ed  t h a t  t he  complete system be 
h igh ly  mobile and a l l  elements of t he  system inc lud ing  m i s s i l e s  be 
capable of be ing  t ranspor ted  without  damage by: 

a .  Organic t r a n s p o r t a t i o n  over  unimproved roads and f i e l d  
t e r r a i n .  It s h a l l  be a t  l e a s t  a s  mobile a s  medium f i e l d  a r t i l l e r y .  
S p e c i a l l y  designed t r a n s p o r t ,  i f  any,  should employ s tandard  c h a s s i s  
t o  t he  maximum ex ten t  poss ib l e .  I f  p r a c t i c a b l e ,  s tandard  Army t r a i l e r s  
w i l l  be used. 

b .  A i r :  

(1) I n  Phase I a i rbo rne  ope ra t ion  (SR 705-30-10) de l ive ry  
of complete bat  ta  Lion by a s s a u l t  landing a i r c r a f t  i s  r equ i r ed .  Delivery 
by parachute i s  des i r ed .  

(2) Del ivery of a  Lightweight system, t o  inc lude  the  
m i s s i l e  and t e s t ,  checiiout, handl ing,  loading,  and launching equipment 
by h e l i c o p t e r  t r anspor t  i s  r e ~ u i r e 5  (subparagraph 6 .  i. ( 1 ) )  

c .  R a i l .  

d .  Ship.  

e  . Landing c r a f t  . I n  amphibious ope ra t ion  (SR 705- 125- 10) . 

9 .  Associated Equipment: 

a .  Checkout and t e s t  equipment. 

(1) General.  A l l  t e s t  and checkout equipment s h a l l  be a s  
s imple,  r e l i a b l e ,  compact and rugged a s  p o s s i b l e ,  and s h a l l  be designed 
to :  

(a)  Permit f u n c t i o n a l  type t e s t s  which w i l l ,  i n  
themselves,  i n d i c a t e  whether t he  i tem being t e s t e d  i s  ope ra t ing  
proper ly  .. 

(b)  U t i l i z e  mult i -wafer  o r  "gang" switches,  l abe led  
f u n c t i o n a l l y .  

(c)  Trouble shoot ,  c a l i b r a t e ,  and prepare  a l l  
i n d i v i d u a l  m j o r  elements of t he  system f o r  ope ra t ion  except  dur ing  



f i n a l  checkout when t e s t  equipment w i l l  i n d i c a t e  "go-no-go". 

(2)  Miss i le  t e s t  equipment. This t e s t  equipment s h a l l  be 
designed s o  t h a t :  

( a )  Rapid func t iona l  t e s t s  on the  m i s s i l e  can be 
performed . 

(b)  Major m i s s i l e  components which a r e  non-funct ioning 
o r  ope ra t ing  beyond to le rance  l i m i t s  a r e  immediately ind ica t ed .  

( c )  Any de fec t ive  p lug- in  type components can be 
r a p i d l y  i s o l a t e d  except during f i n a l  checkout when t e s t  equipment w i l l  
i n d i c a t e  "go-no-go" . 

b.  Tra in ing  equipment and manuals. Concurrent ly wi th  the  ' 

development of the m i s s i l e  system i t  i s  requi red  t h a t  t r a i n i n g  a i d s  
necessary  f o r  t he  conduct of t roop t r a i n i n g  and Army School Tra in ing  be 
developed. These include:  

(1)  Manuals For a l l  equipment not  s tandard  t o  t he  Army 

( a )  Theory of opera t ion .  

(b)  Maintenance and r e p a i r .  

( c )  Operators i n s t r u c t i o n s .  

(2)  Wall c h a r t s  and s l i d e s .  

( 3 )  Mock-ups and breadboards.  

(4)  P r a c t i c e  warheads. 

(5) Operator Handling Tra ine r .  A rugged r e p l i c a  of the  
m i s s i l e  f o r  f i e l d  handl ing which can accept  t e s t  equipment f o r  checkout 
t r a  i n i n g  , 

(6)  F l i g h t  s imulator .  

c .  Tools and p a r t s  l i s t s .  Concurrent ly wi th  the  development 
of t h e  m i s s i l e  system i t  i s  requi red  t h a t  t h e r e  be developed: 

(1)  Standard and s p e c i a l  t o o l  l i s t s .  

(2)  Spare p a r t s  l i s t s ,  

d .  Packaging. The m i s s i l e  system s h a l l  be so  packaged a s  t o  
wi ths tand  t r a n s p o r t  by r a i l ,  s h i p ,  o r  a i r c r a f t ,  by motor veh ic l e  over 
rough roads and c ros s  country, landings through su r f  and a c r o s s  beaches, 
and t h e  normal hazards of loading,  unloading, and handl ing  inc iden t  t o  
t r a n s p o r t  and s to rage .  

10. Environmental Conditions: 



a .  General .  The m i s s i l e  system s h a l l  be capable  of  ope ra t i on  
and s to rage  under environmental cond i t i ons  a s  s e t  f o r t h  i n  SR 705-70-5 
and MIL-STD-210, 1 June 1953. 

b .  Specia 1 Requirements : 

(1) Ope rab i l i t y :  

(a)  The equipment i s  r equ i r ed  t o  have t h e  inheren t  
c a p a b i l i t y  of  accep tab l e  performance w i t h i n  an  a i r  temperature  extending 
from 125OF (minimum exposure of 4  hours  w i th  f u l l  impact of s o l a r  
r a d i a t i o n  (360 BTUfsq f t f h r ) )  down t o  -40°F (minimum exposure of 3  days 
wi thout  b e n e f i t  of s o l a r  r a d i a t i o n ) .  

(b)  I f  i t  can be accomplished w i t h  r e l a t i v e l y  smal l  
i nc rease  i n  c o s t  and without  m a t e r i a l  i n c r e a s e  i n  s i z e  and weight ,  i t  is  
d e s i r a b l e  t h a t  t h e  des ign  provide a c c e p t a b l e  performance i n  a i r  
temperature  down t o  -65OF. 

(2) Storage and t r a n s p o r t :  

(a)  The equipment i s  r equ i r ed  t o  be capable  of s a f e  
s t o r a g e  and t r a n s p o r t a t i o n  without  impairment of i t s  c a p a b i l i t i e s  from 
t h e  e f f e c t s  of temperature from - 4 0 ' ~  ( f o r  pe r iods  of a t  l e a s t  3  days 
du ra t i on )  t o  140°F ( f o r  per iods  a s  long a s  4  hours  per  day) .  

(b) I f  i t  can be accomplished wi th  r e l a t i v e l y  smal l  
i nc rease  i n  c o s t  and without  m a t e r i a l  i n c r e a s e  i n  s i z e  and weight ,  i t  i s  
d e s i r a b l e  t h a t  t h e  equipment be s u s c e p t i b l e  t o  s a f e  s t o r a g e  and t r a n s -  
p o r t a t i o n  without  impairment of  i t s  c a p a b i l i t i e s  from t h e  e f f e c t s  of 
temperatures  from -800F (du ra t i on  of 24 hou r s ,  preceded and followed by 
equ i l i b r ium a t  -400F) t o  1 6 0 ~ ~  ( f o r  pe r iods  a s  long a s  4  hours per  day) 

(3) Barometric p re s su re :  

(a )  It i s  r equ i r ed  t h a t  t h e  equipment s h a l l  be 
designed t o  permit launching a t  a tmospheric  p r e s s u r e s  encountered from 
sea  l e v e l  t o  10,000 f e e t  a l t i t u d e  above sea  l e v e l .  

(b) It is  r equ i r ed  t h a t  t h e  equipment s h a l l  be 
designed t o  wi ths tand ,  without  damage, p r e s s u r e  encountered a t  25,000 
f e e t  a l t i t u d e  whi le  be ing  a i r  t r a n s p o r t e d .  

(4) Humidity. It is  r e q u i r e d  t h a t  t h e  system perform i t s  
intended func t ion  a t  a l l  r e l a t i v e  humid i t i e s  up t o  100% a t  a l l  
temperatures  below 90°F and i n  those  temperatures  above 90°F a t  a l l  
r e l a t i v e  humid i t i e s  up t o  t h e  maximum o b t a i n a b l e  (no t  i n  excess  of t h a t  
corresponding t o  a  vapor p re s su re  of 36 inches  of  mercury i f  necessary)  

(5) Wind. The system i s  r e q u i r e d  t o  w i th s t and ,  without  
damage, s u r f a c e  gus t s  up t o  75 m i l e s  per  hour ,  and be capable  of des ign  



performance i n  gus t s  up t o  50 mi les  pe r  hour and s t eady  s u r f a c e  winds 
up t o  40 mi l e s  per  hour.  

(6)  Other Condi t ions,  The system i s  r equ i r ed  t o  wi ths tand  
wi thout  damage and be capable of  accep tab l e  performance when sub jec t ed  
t o :  

(a )  Wind blown o b j e c t s  such a s  snow, sand and d u s t ,  

(b)  Extreme p r e c i p i t a t i o n  i n  form of  r a i n ,  snow, 
s l e e t ,  h a i l  and f r e e z i n g  r a i n ;  

( c )  S a l t  spray a s  encountered i n  a  beach loca t ion .  

(d) Swarms of i n s e c t s .  

( e )  Fungus, 

11. K i t  Requirements : 

a .  Low Temperature Operat ions.  The development of k i t s  t h a t  
may be necessary  t o  permit a n  ope ra t i ng  range down t o  - 6 5 ' ~  s h a l l  not  
de l ay  t h e  system. 

b ,  F o r d a b i l i t y .  Waterproofing k i t s  a s  may be r equ i r ed  by 
SR 705-125-10 t o  meet t he  f o r d a b i l i t y  c h a r a c t e r i s t i c s  r equ i r ed  f o r  
comb  t and t a c t  i c a  1 opera t  ions .  

12. Other Requirements: 

a .  Over -a l l  System. This s h a l l  be a n  i n t e g r a t e d  system of 
equipment which w i l l  provide f o r  handl ing ,  s e r v i c i n g ,  launching, 
guidance of t h e  m i s s i l e  t o  the  t a r g e t ,  and d e s t r u c t i o n  of t he  t a r g e t .  
Necessary t o o l s ,  checkout equipment, s p a r e  p a r t s ,  t r a i n i n g  a i d s ,  
i n s t r u c t i o n  manuscripts ,  SNL'S and TM's s h a l l  be inc luded .  

b .  Blackout ,  The system s h a l l  be capable  of performing i t s  
miss ion  e f f e c t i v e l y  under a l l  condi t ions  of weather and v i s i b i l i t y  both 
day and n igh t  where the  p o s i t i o n  of t h e  t a r g e t  can be a c c u r a t e l y  f i xed  
by v i s u a l  o r  o t h e r  means. The system s h a l l  be designed f o r  ope ra t i on  
under cond i t i ons  of complete b lackout .  

c .  A r c t i c  Clothing.  A l l  e lements  of t h e  equipment must be 
operab le  by personnel  d ressed  i n  heavy a r c t i c  c l o t h i n g .  

d .  Minimum Operat ing Personnel .  Cons is ten t  w i th  o the r  
. u l r c   en^: oL t1.e L ; T S L ~ L  , i t  should be s o  designed t o  r e q u i r e  t h e  

...-l~: u. uL pex-omle i 0-1   or ope ra t i on  and maintenance. 

,. . ? n  e r c k l n n , e a k i l i ~ y .  Where p r a c t i c a b l e ,  due considerdeion 
, I  0 u . a  l e ?;.,e~l so  Z1.e use of s tandard  i tems a n d / o r  components which 
ou y e r ~ i ~  LnterchangeaplL4ty wi th  s i m i l a r  components of o t h e r  



s tandard  systems o r  equipment. 

f ,  Storage.  The m i s s i l e  system must be capable of dead 
s to rage  f o r  per iods  of t h r e e  o r  more y e a r s  and s to rage  under f i e l d  
cond i t i ons  f o r  a t  l e a s t  one year  wi th  only minor maintenance and 
p repa ra t ion  f o r  a c t i v e  use 

g.  A l t e rna t e  Employment. S tud ie s  should be made concerning 
the  f e a s i b i l i t y ,  both from a t e c h n i c a l  and t a c t i c a l  viewpoint concerning 
a l l  p o s s i b l e  combination of launching from ground, sh ip  o r  army a i r c r a f t  
( i nc lud ing  h e l i c o p t e r s )  and guiding from ground, s h i p ,  o r  a i r  ( i nc lud ing  
h e l i c o p t e r s )  with changes i n  equipment being minimized, 

13. Order of P r i o r i t y ,  I n  t he  case  of competing c h a r a c t e r i s t i c s ,  
f o r  t h e  system l e s s  warheads, t he  developing agency w i l l  g ive  p r i o r i t y  
i n  t h e  fol lowing order  of abso lu t e  e s s e n t i a l l i t y :  

a .  Accuracy, 

b .  R e l i a b i l i t y .  

c .  Immunity t o  countermeasures. 

d .  Sa fe ty .  

e .  S impl i c i ty .  

f .  Range of e f f e c t i v e  guidance. 

g. Minimum s i z e  and weight .  

Complete concurrence t o  t h i s  r e p o r t  has  been rece ived  from a l l  
members of t h e  Ordnance Technical  Committee, i nc lud ing  the  s p e c i f i c  
Subcommittee members l i s t e d  on t h e  r e p o r t .  

/ s /  E. DERICKSON 

Execut ive Sec re t a ry  

APPROVED 
/ s /  GLENN E.  N I D A  

Col,  Ord Corps 
Chairman Pro Tern 

APPROVED BY ORDNANCE TECHNICAL COMMITTEE 
13 SUN 57 

I s /  JOHN G .  REDMON 
APPROVED BY ORDER OF 

Lt  Col, Ord Corps 
THE SECRETARY OF THE ARMY 

Sec re t a ry  
/ s /  NICHOLSON PARKER, Major, GS 

For t he  Chief of Res* and Dev., OCS 



DOCLTMENT 9 
CGHT TESTS OF THE LACROSSE STEER GUIDANCE SYSTEM 
? c t  a s  above,  J anua ry  1953, pp.  29-32. (Work performed under 

PILOT MONITORED AIRPLANE F: 
SOURCE: CAL Report  No. BE-745-T-105, sub 

I- 115-ORD-47. Report  prepare1 
FLIGHT #l 

9 August 1951 

by S.P.  Cook, LACROSSE P r o j e c t  S t a f f ,  CAL Aero-Mechanics Dept . )  
FLIGHT #2 I FLIGHT #3 

29 August 1951 1 10 September 1951 

Con t r ac t  DA- 

Date 

Te s t Loca l e  

Dura t i on  

Wilson,NY, on Lake On ta r i o  

2 : 15 hou r s  

Objec t  

Near B u f f a l o  A i r p o r t  

1:40 hou r s  

A i rp l ane  shakedown & oper-  
a t i o n a l  check on Commnd 
Link & r e c o r d i n g  equipment.  

Not checked. 

Fuse h o l d e r  d e f e c t i v e .  

- - - - - - - - - 

Wilson,NY, on Lake O n t a r i o  

2 : 00 hours  

Shakedown on H I C O  DME and 
Command Link  Equipment. 

A d d i t i o n a l  f u n c t i o n a l  checks 
on HICO DME and check ou t  of 
v e r t i c a l  c o n t r o l  channe l .  

Checked. H I C O  DME Incomple te  check.  

Command Link 

V e r t i c a l  
Cont ro l  

S i g n a l  s t r e n g t h  low. 

Not checked. Not checked. 

Opera t ing .  

S e n s i t i v i t y  i n c r e a s e d .  

Not Checked. Horizonta  1 
Cont ro l  

Not checked. 

P i l o t ' s  
Comments 

Not checked. 

Genera l  f unc t i ona  1 check of  
t h e  a i r p l a n e  m d e  enlcoute 
t o  Wilson. A i r c r a f t  i n  good 
c o n d i t i o n .  S l i g h t  l e a k  on 
s t a t i c  s i d e  o f  a i r s p e e d  
system.  S e v e r a l  s t r a i g h t  
and  l e v e l  p a s s e s  flown. 

Three s t r a i g h t  and  l e v e l  
runs  flown d i r e c t l y  over  
T r a n s i t  Road from sou th  t o  
n o r t h .  S e v e r a l  pa s se s  t hen  
made ove r  a i r p o r t  runways. 
Ground s t a t i o n  a d v i s e d  on 
p a s s i n g  check p o i n t s .  

A s e r i e s  of s t r a i g h t  and l e v e l  
r uns  flown t o  a d j u s t  t h e  HICO 
DME. A f t e r  t h i s  some runs  
made i n  which t h e  p i l o t  a t -  
tempted t o  f l y  t h e  v e r t i c a l  
c o n t r o l  channe l .  He found 
t h i s  r a t h e r  d i f f i c u l t .  

- - - - - - - 

Visua l  and  r a d i o  c o n t a c t  
e s t a b l i s h e d  w i t h  ground 
s t a t i o n  a t  Wilson. Fuse 
h o l d e r  on t h e  Command Link  
r e c e i v e r  d e f e c t i v e .  It 
proved i m p r a c t i c a l  t o  ho ld  
t h e  f u s e  i n  by hand. 

H I C O  DME and Command Link  
equipment warmed up p r i o r  t o  
f l i g h t .  C o m n d  Link c a r r i e r  
s i g n a l  s t r e n g t h  low; i t  was 
recorded  f o r  each  check 
p o i n t  on T r a n s i t  Road. 
C i r c u i t  b r e a k e r s  i n  a i r p l a n e  
c u t  o u t .  Th is  caused t e rmi -  
n a t i o n  of t h e  t e s t s  of t h i s  
f l i g h t .  

HICO DME checks made; t h e  
check p o i n t  was n o t  a lways 
v i s i b l e  i n  t h e  d r i f t  s i g h t .  
The s e n s i t i v i t y  of t h e  v e r t i -  
c a l  channel  a d j u s t e d  du r ing  
t h e  f l i g h t .  

~ n ~ i n e e r ' s  
Comments 



I FLIGHT #4 FLIGHT #5 I FLIGHT C6 I 
Date 1 12 September 1951 14 September 1951 1 16 October  1951 I 
- - -  - -  - 

Tes t  Loca le  Wilson, on Lake O n t a r i o  

Dura t i on  2  : 30 hours  

- - - 

Wilson,  on Lake On ta r i o  Wilson, on Lake O n t a r i o  

2  : 10 hours  2:25 hours  

Objec t  Check o u t  o f  v e r t i c a l  con- 
t r o l  channe l  and  t h e o d o l i t e  

H I C O  DME 

Command Link  S i g n a l  s t r e n g t h  low. 

Ve r t i c a  1 Not f u n c t i o n i n g  p r o p e r l y .  
Con t ro l  

H o r i z o n t a l  Not checked. 
Con t ro l  

P i l o t ' s  
Comrnen t s 

~ n g i n e e r  's 
Comments 

A s e r i e s  of s t r a i g h t  and 
l e v e l  f l i g h t s  on E-W head ing  
2500 f e e t  o f f s h o r e  made t o  
a d j u s t  i n s  trurnenta t i o n .  
Then p i l o t  a t t emp ted  t o  f l y  
t h e  v e r t i c a l  channe l .  He 
was unable  t o  .do s o .  

A f t e r  t h e  HICO DME checks ,  
and  a f t e r  one d ry  run t o  
check t h e  t im ing ,  f i v e  r e -  
cord  runs  were made. During 
f l i g h t  t h e  eng inee r  was 
unab le  t o  t r o u b l e  shoot  t h e  
v e r t i c a  1 c o n t r o l  channe l .  
The c r o s s - p o i n t e r s  were o f f  
s ca  l e  . 

- - 

Check ou t  of v e r t i c a l  con- I O p e r a t i o n a l  f l i g h t  on bo th  ] 
t r o l  system and  t h e o d o l i t e  I t h e  v e r t i c a l  and  h o r i -  I 
o p e r a t i o n .  1 z o n t a l  channe l s .  I 
Checked. Checked" Mal func t ion ing .  

Checked. No time s igna 1s r e c e i v e d .  

Too s e n s i t i v e  f o r  p i l o t .  Not checked .  

Not checked. Not checked,,  

S e v e r a l  d e v i a t i o n s  from t h e  
f l i g h t  p l a n  were made a t  t h e  
r e q u e s t  of t h e  ground s t a t i o n .  
The v e r t i c a l  c r o s s p o i n t e r  was 
t o o  s e n s i t i v e  f o r  t h e  f i r s t  
r ecorded  pa s s .  I ts  s e n s i -  
t i v i t y  was decreased .  

, A s e r i e s  of f l i g h t  runs  
was performed t o  check 
o p e r a t i o n  o f  t h e  HICO DME. 
S ince  t h i s  equipment was 
n o t  f u n c t i o n i n g  p r o p e r l y  
t h e  remainder of t h e  t e s t  
was cance l ed .  

Th is  was a  r e p e a t  o f  F l i g h t  
#4.  The f l a s h  bu lb  f a i l e d  t o  
f i r e  every  t ime.  Four 
Command Link r eco rd  pa s se s  
were made. Exc lu s ive  of t h e  
f l a s h  bu lb  c i r c u i t ,  every-  
t h i n g  appeared  t o  be 
o p e r a t i n g  p r o p e r l y .  

H I C O  D M .  checks  made p e r  
f l i g h t  p l a n ,  No t ime ' 
p u l s e  o r  f l a s h  bu lb  s i g -  
n a l s  were r ece ived  on any 
of  t h e s e  runs .  No f l i g h t  
r e co rds  were t aken .  The 
HICO DME range i n d i c a t o r  
on t h e  ground was n o t  
o p e r a t i n g  p rope r ly  . 



FLIGHT #7 FLIGHT #8 FLIGHT #9 I 
18 October  . 

Wilson,  on Lake O n t a r i o  

1 November 1951 11 November 1951 

Wilson, on Lake O n t a r i o  T e s t  Loca le  + Wilson,  on Lake On ta r i o  

I Du ra t i on  3 : 45 hours  3 : 15 hours  1 : 20 hours  I 
Ope ra t i ona l  f l i g h t  on bo th  
t h e  v e r t i c a l  and  h o r i z o n t a l  
channe ls .  A c o n t i n u a t i o n  of 
F l i g h t  # 6 .  

Checkout f l i g h t  on bo th  t h e  
v e r t i c a l  and ho r i zon t a  1 
channe 1s. 

H I C O  DME 

Command Link 

- - - -  -- 

Demonstration f l i g h t  on bo th  
t h e  v e r t i c a l  and h o r i z o n t a l  
channe l s .  

F l i g h t  cance led .  

: 

- -- - - 

Checked. 
b 

Checked 
+ 

Not o p e r a t i n g  p r o p e r l y  . 

- 

Checked. 

Checked. F l i g h t  cance led .  I 
Ver t i c a  1 
Con t ro l  

H o r i z o n t a l  
Con t ro l  

Sense of i n d i c a t i o n  F l i g h t  cance led .  I 
i n v e r t e d .  

Checked. F l i g h t  cance led . ,  I Too s e n s i t i v e .  

I P i l o t  Is A f t e r  HICO DME checks ,  
v e r t i c a l  & h o r i z o n t a l  runs  
made. A t  z e r o  count t h e  
p o i n t e r s  would be a t  one o f  
two extremes.  A f t e r  a  l a r g e  
c o r r e c t i o n  t h e  p o i n t e r s  
would go t h e  o t h e r  extreme 

The p i l o t  managed t o  z e r o  
t h e  two c r o s s  p o i n t e r s .  Both 
c r o s s  p o i n t e r s  were very 
s e n s i t i v e  and  r e q u i r e d  con- 
s t a n t  a t t e n t i o n  t o  ho ld  a t  
o r  nea r  z e r o .  

A f t e r  t he  f l i g h t  began i t  
was d i s cove red  t h a t  one of 
t h e  HICO DME an tennas  was 
mi s s ing  from t h e  a i r p l a n e .  
F l i g h t  cance led .  Weather 
c o n d i t i o n s  u n s a t i s f a c t o r y  
a l s o .  (Snow s q u a l s ,  e t c . )  

No t ime p u l s e  o r  f l a s h  bu lb  
s i g n a l  was r e c e i v e d ,  a t  
f i r s t ;  t r o u b l e  was found 
and  r e p a i r e d  i n  ground 
equipment,  P i l o t  found i t  
imposs ib le  t o  f l y  s o  t h a t  
t h e  c r o s s  p o i n t e r s  were 
ze roed .  

A number of runs  were r e -  
corded .  The s ense  of t h e  
v e r t i c a l  c r o s s  p o i n t e r  was 
i n v e r t e d .  A secondary h o r i -  
z o n t a l  i n d i c a t o r  was used t o  
h e l p  t h e  p i l o t  t o  l o c a t e  t h e  
gu ide  beam. Las t  two runs  
b e s t  t o  d a t e .  

F l i g h t  c ance l ed .  No runs  
made o r  r e co rds  k e p t .  



Date 

Tes t  Loca le  

Dura t ion  

Object  

H I C O  DME 

Command Link 

V e r t i c a l  
Cont ro l  

Horizonta  1 
Cont ro l  

p i l o t  's  
Comrnen t s 

~ n g i n e e r ' s  
Comments 

FLIGHT # l o  
9 November 1951 

Wilson, on Lake O n t a r i o  

2 : 30 hours  

Demonstration f l i g h t  on bo th  
v e r t i c a l  and ho r i zon t a  1 
c o n t r o l  channe ls .  

Checked. 

Checked. 

Checked. 

Checked. 

On t h i s  f l i g h t  a w i r e  
r e c o r d e r  was used t o  r e co rd  
t h e  p i l o t ' s  comments a f t e r  
each  run .  The p i l o t  a t ternpt-  
ed t o  z e r o  and  ho ld  a t  z e r o  
bo th  c r o s s  p o i n t e r s .  Run 2 
was regarded  a s  t h e  b e s t .  

It i s  necessa ry  f o r  t h e  
s e n s i t i v i t y  ad jus tment  t o  
be very  low i n  o r d e r  f o r  t h e  
p i l o t  t o  z e r o  t h e  c r o s s  
p o i n t e r s .  A number of r uns  
were m d e  w i t h  r e c o r d i n g  
equipment connected.  Among 
t he se  a r e  probably t h e  b e s t  
runs  t o  d a t e .  

FLIGHT f 11 

19 November 1951 

Buf f a lo  a i r p o r t  

1 : 10 hours  

Maintenance f l i g h t  check 
on a i r p l a n e .  

No check.  

No check.  

No check.  

No check. 

The purpose of t h i s  f l i g h t  
was a gene ra l  f u n c t i o n a l  
check of  t h e  a i r c r a f t  and 
p i l o t  p r o f i c i e n c y .  No c r a b  
i t ems  were no ted  and t h e  
f l i g h t  was complete ly  suc- 
c e s s f u l .  

No comment. 
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'Y DOCUMENT 10 

FLIGHT TESTS OF AIR-LAUNCHED * 
LACROSSE RV-A-22 (GROUP 0) MISSILES 

s / N  and Radia l  
Tes t  Date MID** Remarks 

S/N- 1 141.5 Vehicle f e l l  f r e e  f o r  a 2-sec.  per iod and was r o l l -  
24 Apr 53 yds . s t a b i l i z e d  about 3 s ecs  a f t e r  r e l e a s e  a s  planned. 

The FW computer proper ly  showed t h a t  the  veh ic l e  
was f a r  above the  c o n t r o l  l i n e .  A t  5 .5  s ecs  a f t e r  
r e l e a s e ,  t he  c o n t r g l  l i n e  should have been r o t a t e d  
th ru  the  proper 30 ang le  and the  pitch-down s i g n a l  
reduced t o  br ing  t h e  m i s s i l e  w i t h i n  reasonable d i s -  
tance of c o n t r o l  l i n e .  However, t h e  con t ro l  l i n e  

0 
did not  e r e c t  t o  t he  r equ i r ed  30 angle and the  f u l l  
pitch-down s i g n a l  p e r s i s t e d  u n t i l  t he  veh ic l e  
approached c l o s e  t o  t h e  c o n t r o l  l i n e  a t  about 7 s ecs  
a f t e r  r e l e a s e .  Upon removal of erroneous s i g n a l ,  
v e h i c l e  pul led  hard up throughout the  remainder of 
f l i g h t .  Erroneous p e r s i s t e n c e  of pitch-down s i g n a l ,  
toge ther  w i th  a lower v e h i c l e  v e l o c i t y  a t  r e l e a s e  
than p r e f l i g h t  c a l c u l a t i o n s  had assumed, caused the  
veh ic l e  t o  impact 2052 f t  s h o r t  and 372 f t  south of 
t h e  t a r g e t .  

S/N-2 9 yds.  An erroneous s e t t i n g  of t he  angle  f o r  r e l e a s e  guide 
10 Jun 53 beam caused the  v e h i c l e  r e l e a s e  s i g n a l  t o  be 

generated and t r ansmi t t ed  from ground s t a t i o n  about 
2.25 s e c s .  l a t e r  than intended,  t h i s  in t roducing  a 
l a rge  i n i t i a l  e r r o r .  Vehicle  separa ted  c l ean ly  
from a i r p l a n e ;  f e l l  f r e e  f o r  2 s e c s . ;  and was r o l l  
s t a b i l i z e d  about 3 s e c s .  a f t e r  r e l e a s e ,  a s  planned. 
The AW guidance equipment proceeded t o  compute pos i -  
t i o n  of veh ic l e  w i th  r e s p e c t  t o  t he  c o n t r o l  l i n e  
and t o  genera te  and t r ansmi t  c o r r e c t i v e  s i g n a l s  t o  
veh ic l e .  System performance was s u f f i c i e n t l y  good 
t o  remove the  l a rge  i n i t i a l  e r r o r  and t o  guide 
v e h i c l e  i n t o  t h e  near  v i c i n i t y  of t a r g e t .  

* Source: CAL Report Nos. : BE-745-T-109 (S/N- 1) ; BE-745-T-110 (S/N-2) ; 
and BE-745-T-122 (S/N-3 t h r u  8) . 

** Miss Distance.  (Accuracy Spec i f i ca t ion :  CPE 5 ya rds . )  



SIN & Date M/D Remarks 
SIN-3 - - This  t es t ,  us ing  F a i r  Weather (FW) puidance system, 
17 Jun 53 was unsuccess fu l .  An inadve r t en t  r e v e r s a l  of  1805 

i n  phasing of t h e  p i t c h  and yaw servos  r e s u l t e d  i n  
a  d ivergent  c o n t r o l  system. This  caused t h e  t e s t  
veh i c l e  t o  t u r n  sha rp ly  and d i v e ,  impacting f a r  
s h o r t  and t o  t h e  l e f t  of t h e  t a r g e t .  

SIN-4 412 A h igh ly  s u c c e s s f u l  demonstrat ion of  FW c o n t r o l  
10 Aug 53 yds . system accuracy was achieved i n  t h i s  t e s t .  During 

c o n t r o l l e d  po r t i on  of f l i g h t ,  t h e  RMS d i s t a n c e  from 
des i r ed  pa th  c l o s e l y  approached t h e  u l t i m a t e  ob jec-  
t i v e  of 5  meters. However, a t  16.7 s ec s  a f t e r  
launch, a  sudden f a i l u r e  i n  t h e  r o l l  se rvo  system 
caused the  v e h i c l e  t o  go ou t  of c o n t r o l  and i t  
impacted about 1200 f e e t  s h o r t  and 300 f e e t  t o  t h e  
l e f t  of t h e  t a r g e t .  

SIN-5 47.8 Although t h e  AW system performed w e l l  i n  a  q u a l i t a -  
21 Sep 53 yds.  t i v e  s ense ,  poor accuracy was achieved and a  miss 

d i s t a n c e  of  47.8 yds.  r e s u l t e d .  Two o p e r a t i o n a l  
d i f f i c u l t i e s  were d i s cove red .  Spurious o s c i l l a t i o n s  
of +_ 30 f t .  amplitude w e r e  observed i n  both t h e  
p i t c h  and yaw c o n t r o l  s i g n a l s ,  I n  a d d i t i o n ,  a  s e r i -  
ous curva ture  was d i scovered  i n  t he  v e r t i c a l  p ro jec-  
t i o n  of t he  c o n t r o l  l i n e .  Af t e r  app rop r i a t e  cor -  
r e c t i v e  measures w e r e  t aken ,  f i e l d  t e s t s  showed t h a t  
both of t he se  e f f e c t s  had been e l imina t ed .  

SIN-6 - - A combination of exces s ive  r o l l i n g  of t h e  m i s s i l e  
19 Oct 53 between r e l e a s e  and r o l l  s t a b i l i z a t i o n ,  and below 

normal t r ack ing  s e n s i t i v i t y ,  caused t h e  AW t r a c k e r  
t o  l o s e  t h e  m i s s i l e  about one-half  second a f t e r  
r e l ea se .  A s  a  r e s u l t  t h e r e  was no c losed- loop  
c o n t r o l  dur ing  t h i s  f l i g h t ,  

SIN-8 6 .5  yds.  F e a s i b i l i t y  o f  t he  AW system was c l e a r l y  demonstrated 
19 Jan  54 i n  t h i s  test  under c o n d i t i o n s  more s eve re  than 

intended,  A four-second de l ay  i n  launch due t o  mal- 
func t ion  of  t h e  r e l e a s e  mechanism caused t h e  t e s t  
veh i c l e  t o  overshoot t h e  c o n t r o l  l i n e  by about 600 
f e e t .  However, t h e  c o n t r o l  system was a b l e  t o  
recover  completely w i t h  f i v e  seconds of  f l i g h t  time 
remaining, r e s u l t i n g  i n  a  c l o s e  m i s s  d i s t a n c e .  

SIN-7 6.8 yds.  This  tes t ,  using t h e  AW system, was a  complete 
21 Jan  54 success .  Each component performed p rope r ly ,  a s  

d id  t he  o v e r - a l l  c losed  loop system. 



LACROSSE GROW A FLIGHT TEST PROGRAM (U) 

SOURCE : 

CAL Repor t  No. BE-745-T-137 (pp 26 ,  38-41) 

P r e p a r e d  by: R. Sacher  Date:  Oc tober  15,  1957 

Approved by: R. Re innage l  
LACROSSE P r o j e c t  E n g i n e e r  

W .  E. Crowel l  
Head, Weapons System Design Dep t .  

4, ,. -;, ,PL 

11- 1 -- UNCLASSIFIED - 



LAUNCH TGT RGE* 
DATE (Meters)  TEST OBJECTIVES 

8 / 1 7 / 5 4  935 Demonstrate sys tem 

Not flown - Used 
Eor l a b  t e s t s .  

1 2 / 9 / 5 4  Check p e r f  orrnance 
a t  l o n g e r  range.  

- 

1 / 1 8 / 5 5  2770 Determine e f f e c t  
of i n t e g r a  1 con- 
t r o l  on t e r m i n a l  
t r a j e c t o r y .  

1 /28 /55  2770 Same a s  SIN-4. 

3 /3 /55  2770 Examine a n g l e  
t r a c k e r  perform- 
a n c e  more c l o s e l y .  

$126155 2770 Check performance 
a t  s t e e p e r  d i v e  
a n g l e  & h i g h e r  
m/c a l t i t u d e .  

5110155 1950 Check performance 
of  body-mounted 
p i t o t - s t a t i c  t u b e .  

PITCH 1 REMARKS 
I - - A l l  components performed p r o p e r l y  excep t  

t r a c k e r  which f a i l e d  t o  a c q u i r e  i n  f i n e  
mode. Msl remained on i n t e r n a l  m/c guid- 
a n c e ,  impact ing 14 m i l e s  uprange from 
t a r g e t .  

- 2 . 2  E x c e l l e n t  demons t ra t ion  of  s y s  tem a c c u r a c y  
w i t h o u t  i n t e g r a  1 c o n t r o l .  

- - Power supp ly  r e l a y  f a i l u r e  d f  t e r  launch 

l e d  t o  m s l  maneuver a t  h i g h  speed ,  c a u s i n g  
s t r u c t u r a l  f a i l u r e .  

3 . 3  Comd l i n k  the rmal  r e l a y  i n  yaw channel  
f a i l e d  t o  c l o s e  a u t o m t i c a l l y .  Manual 
c l o s u r e  o c c u r r e d  t o o  l a t e  f o r  c o r r e c t i o n  
of  l a r g e  yaw e r r o r .  P i t c h  guidance 
f u n c t i o n e d  p r o p e r l y .  

21.4  Tracker  unlocked f o r  5 . 4  s e c  a f t e r  p i t c h  
down r e s u l t i n g  i n  off-beam e r r o r s  t o o  
l a r g e  t o  be removed b e f o r e  impact .  

- 4 . 3  DME range  f l u t t e r  a t  4 CPS. (Newly des ign-  
ed t r a n s p o n d e r  i n s t a l l e d  f o r  subsequent  
f i r i n g s . )  

- - Tracker  fa t i l ed  t o  a c q u i r e .  Msl remained 
1 

on m/c guidance,  impact ing 10 m i l e s  up- 
range  from t a r g e t .  

- 2 7 . 8  F a u l t y  grounding of computer c a b l e  caused 
l a r g e  s h i f t  i n  gu ide  beam, a c c o u n t i n g  f o r  
most of  M I D .  ( P i t o t - s t a t i c  tube  r e d r i l l e d  
t o  reduce s e n s i t i v i t y  t o  a n g l e  of  a t t a c k  I changes .) ~ 
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SUMMARY OF SYSTEM IMPROVEMENTS 

During the  course of t he  f i f t e e n  Group A m i s s i l e  f i r i n g s ,  s e v e r a l  
important changes i n  t h e  system were accomplished. Each change was t he  
r e s u l t  of exper ience  i n  m i s s i l e  o r  concurrent  f l i g h t  t e s t s .  The major 
t e c h n i c a l  modi f ica t ions  follow: 

A .  ANGLE TRACKER 

Ear ly  a i r c r a f t  f l i g h t  t e s t i n g  and SIN- 1 m i s s i l e  f i r i n g  d i s c lo sed  
the  e x i s t e n c e  of t r ack ing  no i se  introduced by ground r e f l e c t i o n s  which 
prevented t h e  swi tch  from horn t o  d i s h  which i s  t h e  normal a c q u i s i t i o n  
process .  A ground p lane  was i n s t a l l e d  such a s  t o  reduce low ang le  
coverage of t h e  horn thus e l imina t ing  t h e  d i f f i c u l t y .  

SIN-5 and SIN-6 m i s s i l e s  showed momentary t r a c k i n g  f a i l u r e  a t  a  
c o i n c i d e n t a l  a s p e c t  wi th  r e spec t  t o  t h e  ground s t a t i o n .  Analys i s  and 
experiment revea led  t he  cause t o  be ampli tude modulation induced on t h e  
rece ived  pu l se  by m i s s i l e  and wing motions.  S u s c e p t i b i l i t y  t o  t h i s  
modulation was reduced by a  band pass  f i l t e r  cen te red  a t  t h e  scan 
n u t a t i o n  frequency added before  t h e  n u l l  d e t e c t o r  which switches t he  
t r a c k e r  from the  horn t o  d i s h  mode. The AGC a s s i s t  vo l t age  was a l s o  
increased  by 100% t o  i n su re  a g a i n s t  l o s s  of s i g n a l  du r ing  t h e  swi tch  
from f i n e  t o  coarse  t r ack ing .  

Some d i f f i c u l t y  was encountered i n  t h e  au toma t i c  frequency sea rch  
c i r c u i t  (AFS) w i th  t h e  search  se rvo  pausing a t  t h e  uns t ab l e  image 
frequency. This  cond i t i on  was co r r ec t ed  by i n c r e a s i n g  t h e  r a t i o  of the  
a n t i - s t o p - t o - s t o p  s i g n a l .  

B.  DME TRANSPONDER 

During t h e  f l i g h t  of SIN-1 t h e  o p e r a t i o n  of t h e  DME t ransponder  was 
marg ina l .  I g n i t e r  shock dur ing  launch was suspec ted  a s  the  cause.  A 
ruggedized,  h ighe r  "G", model was designed having a  s l i g h t l y  h igher  ou t -  
put and was used f o r  m i s s i l e  f l i g h t s  SIN-2 through SIN-7. A t  t h e  same 
t ime,  development was s t a r t e d  on a  t ransponder  i nco rpo ra t i ng  a  c r y s t a l  
c o n t r o l l e d  o s c i l l a t o r  t o  r ep l ace  t h e  r eac t ance  tube o s c i l l a t o r  o r i g i n a l l y  
used.  F l i g h t  of SIN-7 was accompanied by a  f l u t t e r  i n  range measurement 
of about  4  cps and 25 f e e t  peak-to-peak ampl i tude .  I n v e s t i g a t i o n  d i s -  
c losed  t h e  source  of t h i s  e r r o r  t o  be a s s o c i a t e d  w i th  a  bea t  frequency 
between t h e  a i r b o r n e  and ground 400 cyc l e  s u p p l i e s .  This  d i f f i c u l t y  was 
e l imina t ed  i n  subsequent f l i g h t s  by us ing  t h e  t ransponder  w i th  c r y s t a l  
c o n t r o l l e d  o s c i l l a t o r  mentioned above. 

C. GROUND DME 

Seve ra l  mi s s i l e .  f i r i n g s  showed e r r o r s  i n  range c y c l i c a l l y  r e l a t e d  
t o  t h e  1000 f e e t  pe r  revolua t ion  r a t e  of t h e  h i g h e s t  modulation 
frequency.  SIN-12 m i s s i l e  impacted about  40 f e e t  i n  e r r o r ,  and the  
source  was t r a c e d  d i r e c t l y  t o  DME c y c l i c  e r r o r .  This  impact e r r o r  was 
confirmed by REAC s t u d i e s  and r e s u l t e d  from a system resonance e x c i t e d  
by t h e  range c y c l i c  e r r o r  of about  12 .5  f e e t  h a l f  
a d d i t i o n  of f i l t e r s  t o  remove the  400 c y c l e  s e rvo  
from t h e  500 kc DC e r r o r  channel and by r e p l a c i n g  

ampli tude.  By the  
modulating frequency 
a  f a u l t y  tube t he  



c y c l i c  e r r o r  was reduced t o  abou t  3 . 5  f e e t  h a l f  a m p l i t u d e .  

D .  BEACON 

A i r c r a f t  f l i g h t  t e s t s  a t  WSPG i n d i c a t e d  t h a t  a r c i n g  o c c u r r e d  i n  t h e  
p u l s e  forming network a t  a l t i t u d e s  above 7500 f e e t ,  r e s u l t i n g  i n  beacon 
f a i l u r e .  By r e p l a c i n g  t h e  open network w i t h  a  h e r m e t i c a l l y  s e a l e d  u n i t  
and making f u r t h e r  m o d i f i c a t i o n s  t o  reduce  corona d i s c h a r g e ,  s a t  i s  f a c t o r y  
performance was ach ieved  a t  a l t i t u d e s  of 15,000 f e e t .  

E. COMPUTER 

S/N-9 and  S/N-13 m i s s i l e  f i r i n g s  were s u b j e c t  t o  impact e r r o r s  
t r a c e d  t o  computer z e r o  d r i f t s .  I n  t h e  f i r s t  i n s t a n c e ,  a  ground c u r r e n t  
caused by a  d e f e c t i v e  c a b l e - t o - p a n e l  connec tor  mat ing  was blamed. The 
second d e f i c i e n c y  was t r a c e d  t o  d r i f t s  w i t h i n  a  b o o s t e r  a m p l i f i e r .  The 
s p e c i f i c  cause  o f  d r i f t  i n  t h e  computer a m p l i f i e r  ( s u p p l i e d  a s  a  u n i t )  
was a  d e f e c t i v e  submin ia tu re  c a p a c i t o r .  Because of t r a c k e r  d e a c q u i s i t i o n  
i n  t h e  f i n e  t r a c k i n g  mode d u r i n g  t h e  f l i g h t s  of m i s s i l e s  S/N-5 and  S/N-6 
t h e  computer was modi f i ed  t o  pe rmi t  guidance by command d u r i n g  c o a r s e  
(horn)  t r a c k i n g  a s  w e l l  a s  d u r i n g  f i n e  ( d i s h )  t r a c k i n g .  

To reduce  o s c i l l a t i o n s  i n  t h e  f l i g h t  p a t h  d u r i n g  t e r m i n a l  guidance 
t h e  damping i n  t h e  shaping network was i n c r e a s e d  by r e p l a c i n g  t h e  1 . 9  mfd 
c a p a c i t o r  w i t h  a  2 . 2  mfd c a p a c i t o r  i n  b o t h  t h e  p i t c h  and  yaw c i r c u i t s .  
Th i s  m o d i f i c a t i o n  r e s u l t e d  i n  a  t r a n s f e r  f u n c t i o n  i d e n t i c a l  t o  t h a t  now 
used i n  t h e  Group B  and t h e  LACROSSE I computer.  

The i n s e r t i o n  p o i n t  of i n t e g r a l  c o n t r o l  o r i g i n a l l y  s e t  a t  + 100 f e e t  
# -  

was d e c r e a s e d  t o  - + 60 f e e t  a f t e r  t h e  f i r i n g  of m i s s i l e  SIN-10. The 
o r i g i n a l  c i r c u i t  employing e l e c t r o n i c  t u b e s  was r e p l a c e d  by a  r e l a y  
d i r e c t l y  a c r o s s  t h e  p i t c h  o f f  -beam e r r o r  channe l  t h a t  i n s e r t e d  i n t e g r a l  
c o n t r o l  a s  a  f u n c t i o n  of s i g n a l  l e v e l .  

F .  GROUND POWER SUPPLY UNIT 

When t h e  t a r g e t  d i s t a n c e  was i n c r e a s e d  from 3000 f e e t  t o  9090 f e e t  
i t  was found t h a t  frequency v a r i a t i o n s  i n  t h e  government f u r n i s h e d  
pr imary power u n i t  (PU-107) i n t r o d u c e d  a  n o i s e  l e v e l  i n  t h e  computer of 
approx imate ly  8 f e e t  i n  t h e  yaw channe l  and  3  f e e t  i n  t h e  p i t c h  channe l .  
By r e p l a c i n g  t h e  h y d r a u l i c  governor w i t h  a n  e l e c t r o n i c  f requency 
r e g u l a t o r  t h e  n o i s e  l e v e l  i n  t h e  yaw channe l  was reduced t o  4 f e e t .  

G .  MISSILE 

The o r i g i n a l  m i s s i l e  c a r r i e d  t h e  p i t o t  t u b e  on a  boom p r o t r u d i n g  
from t h e  n o s e .  However, t h i s  mounting was n o t  d e s i r a b l e  on m i s s i l e s  
c a r r y i n g  l i v e  warheads,  and a  s i d e  arm mount was deve loped .  Th is  was 
used f o r  t h e  f i r s t  t ime on m i s s i l e  S/N-9. During t h i s  f l i g h t  i t  was 
found t h a t  t h e  h o r i z o n t a l l y  o r i e n t e d  s t a t i c  s e n s i n g  h o l e s  were unduly 
s e n s i t i v e  t o  p i t c h  e r r o r s .  REAC s t u d i e s  i n d i c a t e d  t h a t  t h i s  o r i e n t a t i o n  
would produce a  s e l f - i n d u c e d  1 . 3  c y c l e  o s c i l l a t i o n  i n  t h e  m i s s i l e  f l i g h t  
p a t h .  The h o l e s  were then  r e d r i l l e d  90° from t h e i r  o r i g i n a l  p o s i t i o n  
and i n  t h i s  l o c a t i o n  were found t o  be s a t i s f a c t o r y .  
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iJ~C&ifiSiJ@D :i 
Revlew O~T-A f l i g h t  r e c o r d s  conf i rms  t h e  c a u s e  of rnaior e r r o r s  

t o  be i n  guidance equipment.  Mechanical  d e s i g n  o f  m i s s i l e ,  l a k c h e r ,  
and  ground s t a t i o n  was found t o  be s a t i s f a c t o r y .  Accomplishment of t h e  
t e c h n i c a l  o b j e c t i v e s  of t h e  program was i n  a l a r g e  measure c r e d i t e d  t o  
e n e r g e t i c  e f f o r t s  of s k i l l e d  o p e r a t o r s .  To reduce  requ i rements  f o r  
o p e r a t o r  s k i l l s ,  s u b s t a n t i a l  improvement i n  e l e c t r o n i c  d e s i g n  toward 
s i m p l i f i c a t i o n  and r e l i a b i l i t y  w i l l  be r e q u i r e d  i n  f u t u r e  equipments.  

UNCLASSIFIED 11-6 
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LACROSSE GROUP B FLIGHT TEST PROGRAM IU 
C 
C 

I I I FGS-TO- I I OFF BEAM I I ,- 

ance equipment. 

Further check on opera- -2.45 
tional accuracy of Gp 
B Guidance equipment 

Check terminal guidance +1.0 
perf at low velocities 
& large F.0.-Tgt-Ranges 

Evaluate system perf at +2.6 
minimum launcher-target 
range (8000 meters) 

Check system perf using -2253 
reduced system gains & 
extended FGS-Tgt-Range 

17 9/21/56 588 Demonstrate LACROSSE - 1670 
a operation to the Indus- 

trial College of the 
Armed Forces at APG 

zters) L 

PITCH REMARKS 

All components performed satisfactorily. 
M/D was primarily due to errors in 
zeroing DME transponder. 

All components performed properly , 3 *.. 

resulting in an excellent flight. i., 
b 

Excellent demonstration of long range 
guidance. 

Low command link gain and excessive 
climb angle at P.D. Resulted in pitch 
oscillations on the terminal beam. 

Relay failure in the computer prevented 
yaw signals from being transmitted to 
the missile. 

-35 / Component failure in the yaw propor- 
tional channel resulted in no yaw 
control. 
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SYSTEM MODIFICATIONS 

During the course of the Group B program it was found necessary to 
make important technical changes in the guidance equipment. Each change 
was the result of experience in missile or aircraft flight tests. The 
major technical modifications follow: 

Angle Tracker 

Early flight tests indicated that the horn-to-dish switch-over 
performance was very poor. The poor performance was attributed to 
insufficient time to null the tracker while on the horn before the null 
detector operated to switch the tracker to the dish. By increasing the 
time delay in the operation of the null detector by a factor of 2, this 
difficulty was eliminated. 

DME/ Command Link 

During early flight tests a cyclic error of 7 meters peak-to-peak 
was discovered in the ground station. This error was reduced to 1.5 
meters peak-to-peak by coupling an out-of-phase signal to cancel the 
error. 

Slippage of the range pot driving gear caused erroneous signals to 
be sent to the computer from the DME. A new limit stop was designed 
and installed to eliminate this slippage. An oscillation in the command 
section of the transponder was found and eliminated by a design change. 

Computer 

Although no difficulty was encountered during flight tests, addi- 
tional relays were added in the pitch and yaw channels to insure comple- 
tion of the hard-over missile maneuver during the transition from mid- 
course to terminal guidance in the event that ground control of the 
missile was lost. Interaction of the DME/counnand link, angle tracker, 
and computer thru the three-phase 400-cycle primary power resulted in 
transient noise appearing in the output signal of the computer. Some 
of this difficulty was alleviated by changing the sequence of the power 
distribution. Additional improvement was achieved by grounding all 
units in the computer. A filter network added in the reference phase 
considerably reduced the interaction between the tracker and the 
computer. 

In addition to the above modifications, a considerable number of 
changes were recommended for consideration in the design of the tactical 
guidance equipment. The major portions of these changes were of a 
mechanical nature or involved the instrumentation of the system and 
thus have not been reported here. 
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MSL SIN* 

203 
2000 

LAUNCH 
DATE 

1/22/57 

LACROSSE TASK 11 FLIGHT TEST PR( 
FGS-TO- 

I TGT RGE 
(Meters) 

, 1,944 

1,059 

12,800 

GRAM 
10 
C 
03 

OFF BEAM 
M/D(Meters) 

TEST OBJECTIVES YAW PITCH 

Demonstrate s u c c e s s f u l  +I20 -2835 
performance of LX-1 m s l  
under nomina 1 cond i t i ons  
Evalua te  performance +5.9 -1 .4  
nea r  upper l i m i t  of a 
s t anda rd  t r a j e c t o r y  

Demonstrate increased  
guidance range 

1,944 

3,050 

1,699 

1,016 

1,699 

REMARKS 2 
A 

Obtain add i t i ona  1 -3 .7  
hyd rau l i c  da t a  

System performance i n  -14.3 
s h o r t  range f l i g h t  

Demonstrate succes s fu l  +I937 
performance us ing  18' 
yaw t u r n  w/a l e f t  pass  
Evaluate  performance i n  -4 .0  
a s h o r t  range f l i g h t  
Demonstrate s u c c e s s f u l  +1.0 
performance us ing  t h e  
180 yaw t u r n  w/a l e f t  
hand pas s  

beam s e t  i n t o  computer. 

Success fu l  t e s t .  

* Each Task I1 M i s s i l e  a s s igned  two s e r i a l  numbers: 
3 - d i g i t  numbers by Mar t in ;  4 - d i g i t  numbers by Ordnance. 
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Tables I and I1 contain r e s u l t s  of the  59 f l i g h t  t e s t s  conducted by 
Martin Company crews and the  55 t e s t s  by Ordnance Mission System Test  
Division (STD-OM) crews, respect ive ly .  Table I11 presents  a  b r i e f  sum- 
mary of the  67 f l i g h t  t e s t s  conducted by A r t i l l e r y  Board and Army crews. 
A desc r ip t ion  of those parameters appearing on the  t a b l e s  which need 
c l a r i f i c a t i o n  is given below. 

PURPOSE 

For s impl ic i ty  of i d e n t i f i c a t i o n ,  the  primary t e s t  ob jec t ives  a r e  
broken down in to  15 d iv is ions ,  a s  follows: 

1. GENERAL EVALUATION TEST (GET) - Any m i s s i l e  not  flown under one 
of the  o ther  primary objec t ive  t i t l e s  is  l i s t e d  under t h i s  objec t ive ;  
however, any of the  miss i les  could be placed under t h i s  general  heading. 

2. GENERAL ELECTRIC/SAM)IA (GE/S) - Test  of the  GE/S XM13 Warhead. 

3 -  MINNEAPOLIS-HONEYWELL (MH) - Test  of the  MH T52 Warhead. 

4. PICATINNY ARSENAL (PA) - Test  of the  PA T34 Warhead. 

5. ON TARGET COMMAND (OTC) - Test  of the  OTC funct ions .  

6 -  NOISE FIX (NF) - Test  of adequacy of the  Noise Fix.  

7. LATE ACQUISITION (LAC) - Test  of l a t e  a c q u i s i t i o n  capab i l i ty .  

8. DUAL ANTENNA (DA) - Test  of performance with a i rborne  Dual 
DME Antenna System. 

9 .  ROLL ERECTION (RE) - Test  of Roll  Erec t ion  Mechanism. 

10. PROGRAM PITCH (PP) - Test  of Program P i t c h  Midcourse Contro l ler .  

11. INDUCED ROLL FIX ( I W )  - Test  adequacy of Induced Roll  Fix. 

12. LIGHTWEIGHT LAUNCHER (LWL) - Test  of the  CAL Lightweight Laun- 
cher. (The launcher used i n  o ther  t e s t s  was t h e  t ruck  launcher.) 

13. PICUE BARREL (PB) - Missi les  flown during "Operation P ick le  
Barrel"  t o  i s o l a t e  problem areas  and e s t a b l i s h  f i x e s .  

14. DEMONSTRATION (DEM) - Missi les  flown f o r  demonstration purposes. 

15. TRAINING (T) - Troop Training f l i g h t s .  

ACCURACY 

The miss i l e  d is tances  were determined by a c t u a l  survey and a r e  
measured i n  the  horizontal  plane. The accuracy i n  CPE is  determined by 
d iv id ing the  r a d i a l  m i s s  d is tance  by the  al lowable CPE, the  l a t t e r  being 
based on the  guidance range. A cause of m i s s  i s  given only i f  the  miss 
d is tance  exceeded 2.0 CPE. 



TABLE I - MARTIN FIRINGS 

Date Fired. . .  . .... 
Ordnance Number... 

Mart i n  Number. . . . . 
Purpose ........... 
Warhead...... ..... 
Range (Meters) 

Laun-to-Tgt.. . . . . 

Accuracy (Meters) 
Ln 
t Miss i n  P i t ch . .  . . 

M i s s  i n  Yaw.. . . . . 
1% Radial  Miss D i s t .  

Allowable CPE.. . . 
Accuracy i n  CPE.. 

Cause of Miss.. . . 

3/10/58 

2030 

403 

GET 

T 50E 1 

17,400 

11,766 

17,239 

2028.0 

2.0 

20 28 

18 .5  

Abort 

Did not  
acqu i re ;  
Broken 
Wave- 
guide.  

3/19/58 4/15/58 4/24/58 5/5/58 

2029 2033 2037 4037 

40 2 40 6 410 459 

GET GET GET GE/S 

T50E1 T 50E 1 T50E1 XM13 

-1830 - 0  -57.5 -1 a 5 Oe6 

141.0 6 . 4  391.7 -2.2 

1836 57.8 391.7 2.2 

13.7 18.5 13.7 5.0 

Abort 3 . 1  Abort 0 . 4  

Bat te ry  Noise Noise - - -  
F a i l u r e  
a t  X +3 
seconds. 

51 131 58 

2045 

418 

GET 

T50E1 

-51.3 

2 .5  

51.4 

16.3 

3.2 

Noise 



TABLE I (Cont) 

Date F i r e d . .  . . . . . . 6110158 6/12/58 7/1/58 7/8/58 7/14/58 8/28/58 9/4/58 9/9/58 

Ordnance Number. . . 4045 2048 2034 4004 40 2 5 4033 403 4 

Mart i n  Number. . . . . 467 42 1 40 7 445 447 45 5 456 47 7 
V, 

Purpose ........... GE/S PP DEM GE /S GE/S GE/S MH GET n 

Warhead. .......... 
Range (Meters) 

Laun-to-Tgt.. . . . . 
MGC-to-Tgt o . .  . . . . 
MGC-to-Laun...... 

Accuracy (Meters) 

Miss i n  P i t c h . .  . . 
Hiss  i n  Yaw.. . . . . 
Radia l  Miss D i s t .  

Allowable CPE.... 

Accuracy i n  CPE. . 
Cause of Miss.... 

XM13 

8,257 

5,872 

12,909 

28.5 

5.9 

29.1 

11.1 

2.6 

DME 
f a i l u r e  & 
n o i s e  

XM13 

16,844 

517 

17,222 

-1265 . O  

-291.0 

1298 

5.0 

Abort 

Induced 
r o l l  

XM13 

27,529 

6,159 

22,203 

-1023 

265 

1057 

11 .4  

Abort 

Induced 
r o l l  

T52 

22,683 

6,953 

17,239 

- - 
- - 
- - 
- - 
Abort 

Beacon 
power 
f a i l u r e  

Abort 

DME 
Ranging 
Error  



Date F i r ed  ........ 
Ordnance Number... 

Mart i n  Number. . . . . 
Purpose ........... 
Warhead..... . . . . . .  

Range (Meters) 

Laun-to-Tgt. ..... 
MGC-to-Tgt.. . . . 

_ MGC-to-Laun.. . . . . 
Accuracy (Meters) 

Miss i n  P i t ch . . . .  

Miss i n  Yaw.. . . . . 
Radial  Miss D i s t .  

Allowable CPE.... 

Accuracy i n  CPE . . 
Cause of Miss.. . . 

-2.9 

-30 6 

30.7 

6.2 

5.0 

Displaced 
Guide 
Beam & 
Noise 

- - 
- - 
- - 
- - 
Abort 

Trans - 
ponder 
f a i l u r e  

TABLE I (Cont) 

11/28/58 12/3/58 

4162 4138 

584 560 

PB PB 

T50E1 T 50E 1 

7.4 -261.0 

-3.2 -64.0 

8 . 1  269 

5 .4  6.2 

1 . 5  Abort 

- - - Trans - 
ponder 
f a i l u r e  

24,850 

1,688 

23,666 

-130 . O  

-400.0 

420 

5.9 

Abort 

17,952 

1,287 

16,821 

-11,625 

-2298 

- - 
5 . 4  

Abort 

F a i l u r e  Highly Broken so lde r  
i n  yaw o s c i l l a -  j o i n t  on 
command tory  a t  va lve  
c i r c u i t  i n i t i a t i o n  

of i n t e g r a l  , 
c o n t r o l  



TABLE I (Cont) 

Date F i r e d  ........ 
Ordnance Number ... 
Martin  Number. .... 
Purpose 

Warhead ........... 
Range (Meters) 

Laun-to-Tgt. .  - .  . . 
MGC-to-Tgt.. . . . . . 
MGC-to-Laun.. .. . *  

Accuracy (Meters) 

Miss i n  P i t c h . .  . . 
Miss i n  Yaw... . . . 
Radia l  Miss D i s t .  

Allowable CPE .... 
Accuracy i n  CPE.. 

Cause of Miss.. . . 

457 587 

MH NF OTC MH NF 

T 52 T52 

- - Abort 

Success - Trans-  
f u l  A i r  - ponder 
b u r s t  f a i l u r e  



Date F i r ed . . . . . . .  . 3110159 3/16/59 

Ordnance Number... 4160 40613 

Piar t in  Number.. . . . 582 49 0 

Purpose.. . . . . . .  ... GE/S LWL DA 

Warhead.... . . . . . .  . . a 1 3  T50E1 

Range (Meters) 

Laun-to-Tgt . . . . + .  

MGC-to-Tgt.. . . . . . 
MGC-to-Laun...... 

Accuracy (Meters) 

M i s s  i n  P i t c h . .  . . 
Miss i n  Yaw.. . . . . 
Radia l  Miss D i s t .  

Allowable CPE. . . .  
I2 Accuracy i n  CPE. . 2 . 3  3 . 5  

TABLE I (Cont) 

3130159 

4094 

516 

GE/S OTC 
RE LWL 

3.113 

27,583 

3,961 

27,278 

-21,926 

-223 

S, 5UO 

8 7 

Abort 

F a i l u r e  
Ro l l  
: i rect  ion 
C i r c u i t  

4/1/59 4110159 

4064 4038 

48 6 460 

LAC NF GEIS OTC 
RE 

T 50E 1 :;PC13 

41 101 59 

4026 

448 

LWL GE/S 
OTC RE 

XK13 

13,199 

4,384 

13,958 

1,642 

11,509 

- - 
26.7 

Abort 

3 a i l u r e  
k o l l  
E rec t  ion 
C i r c u i t  

LAC 

Abort 

Induced Roll  cil - 
Combined A* 

P i t c h  & Yaw ~ E J  
Maneuvers i: 

C. = 

a 
, #= 
U 



Date F i r e d . .  . . . . . . 4/24/59 

Ordnance Number... 4071 

Mart i n  Number. . . . . 493 

Purpose. .......... DA 

W a r h e a d . . , . . . . . . . .  

Range (Meters) 

Laun-to-Tgt ...... 
MGC-to-Tgt.. . . . . . 
MGC-to-Laun...... 

Accuracy (Meters) 

Miss i n  P i t c h . .  . . 
Miss i n  Yaw.. . . . . 
Radia l  Miss D i s t .  

Allowable CPE. . . .  
Accuracy i n  CPE. . 
Cause of Miss.. . . 

4/27/59 

4172 

59 4 

T 

T 50 

28,560 

2,956 

2,954 

0) 
M 
a 
t-l 
a) 
3 

0 0 z U 

7.6 

Abort 

Suspect  
clogged 
p i t o t  
tube 

TABLE I (Cont) 

5/6/59 5/12/59 

LC0 40 4079 

46 2 50 1 

GE/S OTC G E / S  
LWL 

XM13 XM13 

-14.2 14 .1  

70.7 15.2 

72.1 20.7 

25.8 18.0 

2.8 1 .2  

E r ro r  i n  --- 
FGS s e t  
UP 

51 261 59 

40 46 

468 

LWL G E / S  
OTC 

XM13 

8,005 

17,644 

17,750 

?O.O 

-145 

147 . O  

25.8 

5.7 

F a i l u r e  
DME 
Rang ing 

6/  101 59 

4041 

A6 3 

GE/S  OTC 
LWL 

XM13 

14,342 

6,404 

14,721 

-4.8 

-5.6 

7 .4  

11 .8  

0 .6  

---  

6/11/59 

40 50 

47 2 

MH OTC 

T52 

19,919 

9,995 

14,732 

- =, 

- - 
- 

- - 
- C~ 

Success fu l  
A i rbu r s t  

Extended 
Guidance 
Range 



Date F i r e d . .  . . . . . . 
Ordnance Number... 

Mart in Number.. . . . 
Purpose ........... 
Warhead. . . . . . . . . . .  

Range (Meters) 

Laun-to-Tgt ...... 
MGC-to-Tgt.. . . . . . 
MGC-to-Laun...... 

Accuracy (Meters) 

Miss i n  P i t c h . .  . . 
Miss i n  Yaw.. . . . . 
Radial  Miss D i s t .  

Allowable CPE.... 

Accuracy in  CPE.. 

MH LWL 

TABLE I (Cont) 

7/17/59 7/24/59 7/28/59 7/28/59 8/4/59 8/7/59 

4065 4134 4144 4121 400 3 4128 

48 7 556 566 543 42 5 5 50 

IRF GE/S GE/S  LWL GE/S PP MH 

T50E1 2CM13 XM13 XM13 T50E1 T 52 

Cause of Miss. . . .  Successfu l  Successfu l  
A i rbur s t  A i rbur s t  

16,636 9,007 29,646 29,830 29,837 12,131 

6,285 7,431 19,887 17,110 19,097 17,050 

10,791 7,889 13,136 12,913 11,710 12,798 

-4.4 30.5 -18.2 -64.4 -273 . O  

6 .6 0 . 6  -65.5 .20 .3  3616 
V) 

7.9 30.6 68 67 .5  3626 

11.6 13 . O  28.6 25.1 27.6 

0.7 2.4 2.4 2.7 Abort - - 
, - -  Guidance Auto- Guidance Dis- Success -, 

cu to f f  & p i l o t  cu to f f  placed f u l  A i r - .  
misplaced e r r o r s  due t o  Guide bu r s t  . -- 
t a r g e t  mask Beam & L -. .. 

Induced +%. .'k 
Roll  



TABLE I (Cont) 

Date F i r e d a . . . . o . .  8 /18/59 

Ordnance Numbero.. 4066 

Mart i n  Number. . . . . 488 

Purpose ........... IRF 

Warhead. . . . . . " .  . . . T50E1 

Range (Meters) 
m 

Laun-to-Tgt.. . . . 
MGC-to-Tgt.. . . . . 
MGC-,to-Laun.. . . . 

Accuracy (Meters) 

Miss i n  P i t c h . .  . . 
Miss i n  Yaw... . . . 
Radia l  Miss D i s t .  

Allowable CPE.... 

Accuracy i n  CPE.. 

Cause of Miss.. . . -- 

MH MH LAC 

1 . 4  - - - cz 

67.2 - - 9000 

13.0 - u 13 .4  

5.2 - - Abort 

M i s s i l e  Succes s fu l  Induced 
o s c i l l a t e d  A i r b u r s t  R o l l  
about guide 
l i n e  & f a i l e d  
t o  go through 
OTC 

9/11/59 

4067 

48 9 

IRF 

T50El 



TABLE 11 - STD-OM FIRINGS 

Date Fi red . .  . . . . . . 
Ordnance. Number. . . 
Martin Number.... . 
Purpose ........... 
Warhead. . . . . . . . . .  . 
Range (Meters) 

Laun-to-Tgt.. . . . . 

Accuracy (Meters) 
I-' 
V1 
I Miss i n  P i t c h . .  . . 
I-' 
I-' Miss i n  Yaw.. . . . . 
15 Radial  Miss D i s t .  
- 

1 Allowable CPE. . . . 
b 
.W Accuracy i n  CPE. . 

9/ 21 58 

2042 

41 5 

GET 

T 50E 1 

29,111 

9,198 

21,734 

-112.4 

-125.9 

168.7 

15.2 

11.1 

DME .. 

Noisy; 
P i t c h  
Eias  

9/15/58 

2040 

413 

GET 

T 50E 1 

29,644 

9,150 

24,071 

-86.1 

-164.0 

185.2 

15.2 

Abort 

Dm 
Malfunc - 
t ion 

9/19/58 

2041 

414 

GET 

T 5OE 1 

7,904 

4,814 

12,082 

-937 0 

-25.0 

937 

9 .8  

Abort 

Dm - 
Antenna 
P a t t e r n  
Mask 

lO/9/ 58 

4001 

423 

GET 

T 5OE 1 

29,838 

18,646 

16,275 

-95.5 

49.4 

107.5 

27 .O 

Abort 

Radio 
I n t e r -  
fe rence  

10/17/58 

2049 

422 

GET 

T 50E 1 

7,904 

10 789 

18,192 

3.1 

13.2 

13.6 

17 .2  

0.8 

--a 

10/22/58 

4015 

43 7 

GET 

T50E1 

29,644 

50 2 

29,904 

2.6 

-0.7 

2.6 

5.0 

0 . 5  

- L, 

11/25/58 

400 2 

424 

GET 

T50E1 



Date F i r e d . .  . . . . . . 
Ordnance Number... 

Mar t in  Number.... .  

Purpose ...*....... 
Warhead . . . . . . . .  . . .  
Range (Meters) 

Laun-to-Tgt. . . . . . 
MGC-to-Tgt * . . . . . . 
MGC-to-Laun.. . . ". 

Accuracy (Meters) 

Miss i n  P i t c h . .  . . 
Miss i n  Yaw...... 

Radia l  Miss D i s t .  

Allowable CPE... . 
Accuracy i n  CPE . . 
Cause of Miss.... 

11/25/58 

40 16 

43 8 

GET 

T50E1 

3/3/59 

4143 

56 5 

GET 

T34E2 

TABLE I1 (Cont) 

3/5/59 3/12/59 3/18/59 

4166 4168 4167 

588 590 589 

MH MH PA 

T52 T52 T34E2 

-18.8 

c-77.8 

8 0 

11.1 

7 .2  

M i s -  
p laced 
a i m  ing 
s t a k e  

L7 - -6 .6  

- - -5.9 

- ,.. 8 . 8  

- - 5.0 

- - 1 .8  

Success-  --- 
f u l  A i r -  
b u r s t  

4/ 231 59 

4018 

440 

GET 

T 5OE 1 

41231 59 41241 59 

4170 40 57 

592 47 9 

MH GET 

T52 T50E1 

Success-  --- 
f u l  A i r -  
b u r s t  



Date F i r ed . .  . ... .. 
Ordnance Number... 

Mart in  Number..... 

Purpose ........... 
Warhead. . . . . . . . . . . 
Range (Meters) 

Laun-to-Tgt.. . . . . 
MGC-to-Tgt.. . . . . . 
MGC-to-Laun.. . . . . 

Accuracy (Meters) 

M i s s  i n  P i t c h . .  . . 
M i s s  i n  Yaw...... 

Radia l  M i s s  D i s t .  

Allowable CPE.... 

Accuracy i n  CPE.. 

Cause of M i s s . .  . . 

5/1/59 

40 58 

480 

GET 

T50E1 

14,228 

12,402 

16,277 

-43.4 

-26.4 

50.8 

19.2 

2.6 

--- 

5/7/59 

4019 

44 1 

GET 

T 50E 1 

14,924 

10,094 

11,356 

-14.8 

-7.1 

16.4 

16 .4  

1.0 

--- 

TABLE I1 (Cont) 

5/16/59 

4082 

50 4 

DEM 

T 50 

15,334 

1,367 

14,741 

-750 

40 0 

8 50 

5.4 

Abort 

Success - Beacon 
f u l  A i r -  malfunc- 
b u r s t  t ion 

5/29/59 

4017 

439 

GET 

T50E1 

20,082 

10,678 

16,275 

-7.7 

-84.9 

85.3 

1 7 . 1  

5.0 

5/29/59 

40 20 

442 

GET 

T50E1 

20,082 

10,678 

16,275 

5008 

1933 

- - 
1 7 . 1  

Abort 

Sa tu ra t ed  Beacon 
Yaw malfunc- 
Commands t ion 

5/29/59 

40 21 

443 

GET 

T50E1 

20,082 

5,080 

17,239 

80 . O  

41 . O  

90 

10.1 

8 , 9  

Sa tu ra t ed  
Yaw 
Commands 



TABLE I1 (Cont) 

Date F i r e d . .  . . . . . . 6/2/59 

Ordnance Number.. . 4063 

Mar t in  Number.... . 485 

Purpose. .......... GET 

Warhead. . . . . . . . . . . T 50E1 

Range (Meters) 

Laun-to-Tgt.. .... 16,636 

MGC-to-Tgt.. . . . . . 7,400 

MGC-to-Laun...... 9,363 

6 Accuracy (Meters) 
vl 
I 
P Miss i n  P i t c h . .  . . -8.7 
C 

Miss i n  Yaw.. . . . . 12.6 

Radia l  Miss D i s t .  15 .3  

Allowable CPE.... 13.0 

Accuracy i n  CPE . . 1.2  

Cause of Miss.. . . --- 

6/41 59 

419 5 

617 

GET 

T 50 

20,082 

10,678 

16,275 

-27.5 

-10 ? 1 

29.3 

17 .1  

1.7 

---  

6/41 59 

40 54 

47 6 

GET 

T 50E 1 

21,684 

18,549 

4,690 

-37.2 

-9.8 

38.4 

26.9 

1 . 4  

- - - 

61 4/ 59 

417 5 

597 

GET 

T 50 

20,082 

10,678 

16,275 

-35.8 

-14.5 

38.6 

17 .1  

2.3 

--c% 

61 51 59 

4022 

444 

GET 

T50E1 

21,684 

14,7 24 

15,226 

45.1 

-194.4 

199 .5  

22.2 

9 . O  

P o s s i b l e  
Rang ing 
Malfuncb 
t ion 

6/  121 59 

40 48 

47 0 

MH 

T 52 

15,024 

2,379 

14,261 

- - 
- - 
- - 
- - 
Abort 

Gyro 
F a i l u r e  

61 261 59 

4115 

537 

MH 

T 52 

7,904 

9,205 

9,479 

- - 
- c., 
- - 
- - 
- - 
Success- 
f u l  A i r -  
b u r s t  

7/1/59 

4086 

50 8 

GET 

T34E2 

14,364 

1,186 

13,758 

1 . 5  

-2.5 

2 .9  

5 .2  

0 .6  

- - - 



Date F i r e d . .  . . . . .. 
Ordnance Number.. . 
Mart in  Number. . . . .  

Purpose. . . . . . . . . . . 
Warhead. . . . . . . . . . . 
Range (Meters) 

Laun-to-Tgt . . . . . .  

+ Accuracy (Meters) 
UI 
I + Miss i n  P i t c h . .  . . 
UI 

Miss i n  Yaw.. . . . . 
I t  - 

Radia l  Miss D i s t .  IF Allowable C I E . .  . . 

7/14/59 

4069 

49 1 

GET 

T50E1 

Success  - 
f u l  A i r -  
b u r s t  

TABLE I1 (Cont) 

7/31/59 8/12/59 8120159 8/28/59 9/24/59 g/30/5g 

4110 4158 40 44 418 1 4171 41 19 

53 2 580 466 603 593 541 

MH MH GET GET PA MH 

T52 T52 T34E2 T34E2 T34E2 T52 

29,830 

6,299 

24,953 

-20,553 

-1,618 

- - 
- .. 
Abort 

Success-  Clogged --- - - -  - - - - - - 
f u l  A i r -  P i t o t  
b u r s t  Tube 



Date  F i r e d  . . . . . . . .  10/8 /59  

Ordnance Number . . .  4152 

Mar t i n  Number . . . . .  574 

7 Purpose . .  . . . . . . . . . MH 

rT Warhead.. . . . . . . . . . T52 

Range (Meters)  

Laun-to-Tgt. .  . . . . 
MGC-to-Tgt . . . . . . . 

rl 
I.- Accuracy (Meters) 
wl 
I 
I.- Miss i n  P i t c h . .  . . 
m 

Miss i n  Yaw.. . . .. 
Rad ia l  Miss D i s t .  

Accuracy i n  CPE . . 
Cause of  Miss . . . .  Success -  

f u l  A i r -  
bur  s t  

10/15/59 

4074 

49 6 

MH 

T52 

23,206 

3,817 

21,361 

,= - 
- - 
- .. 
- - 
- - 
Success-  
f u l  A i r -  
b u r s t  

101 27 / 59 

4088 

5 10 

MH 

T52 

20,115 

17,276 

e3 \- 

- - 
- - 
- 
- - 
- - 
Success  - 
f u l  A i r -  
bur  s t  

111 101 59 

4148 

570 

FIH LWL 

T52 

13,004 

5,920 

7,299 

- - 
- - 
- - 
- - 
- - 
Success -  
f u l  A i r -  
b u r s t  

TABLE I1 (Cant) 

111 l 6 /  59 

4047 

469 

MH LWL 

T52 

12,984 

13,143 

13,373 

- - 
- .- 
.a a 

- 
<2 - 
Success  - Unknown 
f u l  A i r -  
b u r s t  

435? 

47 4 

i f J  

T 5 2 

27, 546 

16,414 

17,322 

- L, 

- - 
L- - 
- - 
A i r -  
b u r s t  
Abort  
S i d e -  
Lobe 
Acqui- 
s i t  ion 

4083 

40 5 

M1 I 

T52 

20,082 

13,194 

8 ,175  

- - 
- L. 

- - 
- - 
- - 
Abort 
Trans-  
ponder 
malfunc- 
t ion  



TABLE I1 (Cont) 

Date F i r e d  ........ 1/14/60 

4116 

538 

LWL 

T 50 

Ordnance Number... 

Mart in Number..... 

Purpose.. ......... MH LWL MH LWL 

T52 T52 

GET : . 
T341N Warhead..... . . . . . .  

Range (Meters) 

Laun-to-Tgt.. . . . . 
MGC-to-Tgt.. . . . . . 
MGC-to-Laun...... 

Accuracy (Meters) 
I 
w 
4 

Miss i n  P i t ch . .  . . -1500 

20 0 

- - 
5.2 

Abort 

Unknown 

-315.0 

-103 .O 

331.0 

10 .o 
Abort 

Miss i n  Yaw.. . . . . 
Radial  Miss D i s t .  It 
Allowable CPE.... 

c Accuracy i n  CPE.. 

Cause of Miss. .  . . Success- --- Side  Lobe 
f u l  A i r -  Acquis i t ion  
b u r s t  



Missile SIN 
Ordnance Mart in Date Fired 

3/23/58 
8/12/58 
8/22/58 
9/41 58 
9/11/58 
10/1/58 
10/17/58 
101 l7/ 58 
101 23 / 58 
101 281 58 
10/28/58 
10/31/58 
11/10/58 
121 161 58 
12/17/58 
6/ 261 59 
6/ 271 59 
6/29/59 
6/ 291 59 
6/29/59 
6/29/59 
7/6/59 
7/9/59 
7/11/59 
7/15/59 
7/15/59 
7 1211 59 
7/23/59 
7/23/59 
7/27/59 
11/18/59 
111 l8/ 59 
11/19/59 
11 19/60 
1/22/60 
1/25/60 
1/26/60 
1/29/60 
2/7/60 
2/9/60 
2/11/60 
2/17/60 
21 17/60 
3/29/60 

Calculated CPE 
; (Meters) 

27.9 

* Fired as part of "Operat ion Pickle Barrel." 

Miss CPE 
(Meters) 
Abort 
Abort 
3.5 
1.2 

Abort 
2.0 

Abort 
Abort 
Abort 
Abort 
1.7 
1.9 

Abort 
Abort 
0.9 
0.9 
0.7 
0.7 
2.1 
1.6 
1.6 

Abort 
0.5 
1 .o 
0.2 
1.1 

Abort 
Abort 
1.3 

Abort 
1.0 

Abort 
3.5 
0.8 
Abort 
Abort 
0.6 
2.3 
2.44 

Abort 
Abort 
Abort 
Abort 
Abort 

UNCLASSIFIED 
15-18 



M i s s i l e  SIN 
Ordnance Mart i n  

TABLE 111 (Cont) 

Army Firings* 

Calculated CPE 
Date Fired (Meters) 

* F i r s t  44 f i r i n g s  ( l i s t e d  above) were conducted by the 
A r t i l l e r y  Board. 

Miss CPE 
(Meters) 

No Data 
0 

Abort 
Abort 

0.54 
Abort 

2.55 
Abort 

4.68 
Abort 
Abort 
Abort 
Abort 
Abort 
Abort 
Abort 
Abort 
Abort 

0.4  
Abort 

0 
Abort 
Abort 



ORDXM-X 

HEADQUARTERS 
U .  S. ARMY ORDNANCE MISSILE COMMAND 

Redstone Arsena l ,  Alabama 

18 Dec 59 

Lieu tenant  General  J .  H. Hinr ichs  
Chief of  Ordnance 
Washington 25,' D .  C .  

Dear Jack: 

I have j u s t  had a look a t  t h e  A r t i l l e r y  Board r e p o r t  t i t l e d  
"Service T e s t  of  t h e  LACROSSE Missile System." A copy of  t h i s  16 
November r e p o r t  has  been furn ished  t o  ORDTX, It i s  s i g n i f i c a n t  t h a t  
t h e  major shortcomings i n  LACROSSE, a s  pointed up by the  r e p o r t ,  
approximate those  which we have long known, Our proposa ls  f o r  co r r ec -  
t i o n  have n o t  been supported by DA s t a f f  and s o  we a r e  l e f t  w i th  s e r i -  
ous d e f e c t s  i n  t h e  system such a s  i t s  ECM v u l n e r a b i l i t y .  

YOU may r e c a l l  t h a t  e a r l y  i n  May 1959 I furn ished  you i n  
d e t a i l  a p lan  f o r  LACROSSE improvements which would have brought i t  i n  
l i n e  w i th  User requirements .  I n  our  meeting of 11 May, you approved 
t h a t  p lan  and accepted i t  a s  t h e  o f f i c i a l  Ordnance p o s i t i o n .  We have 
he ld  t o  t h a t  p o s i t i o n  a s  a v a l i d  and reasonable  means of  g e t t i n g  t h e  
bugs o u t  o f  t he  system. Army s t a f f  would no t  buy i t  and i n  August 
d i r e c t e d  t e rmina t ion  of our main e f f o r t  f o r  an improved LACROSSE. A s  
General  Shinkle  pointed ou t  i n  h i s  b r i e f i n g  t o  you on 11 November, 
LACROSSE is  no t  now a s o l i d ,  dependable system - and i t  w i l l  not be 
u n t i l  w e  g e t  t he  approval  and funds t o  make i t  s o .  

(U) I s t r o n g l y  urge t h a t  you a g a i n  focus t h e  a t t e n t i o n  of S t a f f  
on t h i s  problem and t r y  once more t o  prod them i n t o  a c t i o n .  

S ince re ly  yours ,  

s / t  J. B. MEDARIS 
Major Genera l ,  USA 
Commanding 

C O P Y  

l 6 -  1 U N CLASSIF LED 



DOCUMENT 1 7  

Cost Center 
402 0 1  

P r i o r i t y  
X D A 

CG, USAOMC, Redstone Arsenal ,  Alabama 

COFORD, DA, WASHINGTON, DC 

I n  r e p l y  r e f e r  t o  ORDXR-CR-503-Signed (Barclay) 

1. & Reference the  following: 

a .  USCINCEUR Msg EC 9-6304 of 8 Dec 59 t o  DA which requested 
information concerning LACROSSE System. 

b. OCO TT Msg #002 of 11 Dec 59 which quoted Reference 1 . a .  
above and requested AOMC provide informat ion  involved.  

c .  OCO TT Msg #011 of 18 Dec 59 which provided guidance for  
AOMC response t o  quer ies  contained i n  Reference 1 . a .  above. 

2 .  & I n  response t o  t he  information reques ted  i n  paragraph 3 .  b.  
of Ref 1.a .  above, the l i m i t a t i o n s  of t he  c u r r e n t  LACROSSE System, i n  
terms of t h e  M i l i t a r y  C h a r a c t e r i s t i c s  a s  contained i n  OTCM 36527 
approved 13 June 57, a r e  a s  follows: 

a .  Refer t o  Paragraph 6 .a  of OTCM 36527 - I n  Mis s i l e  range 
performance, t he  present  system does provide the  r equ i r ed  minimum and 
maximum ranges .  However, a l i m i t a t i o n  a r i s e s  i f  30,000 meters i s  t o  be 

1800 Z 

7 Jan 60 

ORDXR-CR 

GWoodward / a  l e  
3 -30 19 

s/ t JOHN A. BARCLAY 

C O P Y  

17-1 



CG, USAOMC, Redstone Arsena l ,  Alabama 

achieved wi th  a l l  types  of warheads, under o t h e r  than s tandard  NACA day 
c o n d i t i o n s ,  and wi th  a i r  b u r s t  and t a r g e t  a l t i t u d e  requirements  included.  
Presen t  system can f i r e  t o  30,000 meters a t  20' t e rmina l  d i v e  on ly ,  
under only s tandard  NACA day cond i t i ons ,  w i t h  only a  ground b u r s t ,  and 
w i t h  no a l t i t u d e  d i f f e r e n t i a l  between launcher and t a r g e t .  In t roduc ing  
only  t h e  45' d i v e  angle ,  which i s  d e s i r a b l e  i n  t he  use  of atomic war- 
heads f o r  s a f e t y  purposes,  t he  maximum range is  reduced t o  approximately 
24,600 meters .  A new requirement has a r i s e n  which c a l l s  f o r  engagement 
of  t a r g e t s  a s  much a s  5000 f e e t  above o r  below t h e  launcher ,  w i th  he igh t s  
of b u r s t  up t o  3,000 f e e t  above such t a r g e t s .  While t h i s  new r e q u i r e -  
ment i n f e r s  acceptance of whatever range deg rada t ion  occu r s ,  t h e  e f f e c t  
on h o r i z o n t a l  range of any i n s i s t e n c e  on t h i s  requirement  w i l l  be 
cons ide rab l e .  Lower i n i t i a l  m i s s i l e  v e l o c i t y ,  o r  t h r u s t  t e rmina t ion ,  
would be necessary  t o  achieve t he  des i r ed  minimum range of 4,000 meters .  
Nei ther  of those  approaches i s  considered f e a s i b l e  wi th  t h e  presen t  
rocke t  motor. 

I n  maximum guidance range performance where t a r g e t  l o c a t i o n  
d a t a  is  obta ined  by use of t h e  Target  Ranging S e t ,  a  l i m i t a t i o n  a r i s e s  
i n  t h a t  t h e  range of t h e  presen t  TRS, a g a i n s t  t a r g e t s  of low r e f l e c -  
t i v i t y  and under varying ambient l i g h t  c o n d i t i o n s ,  i s  considered t o  be 
no t  g r e a t e r  t han  3,000 meters .  There is  evidence t h a t  t h e  p re sen t  TRS 
w i l l  range t o  almost 5,000 meters i f  t h e  t a r g e t  i s  of s u f f i c i e n t  r e f l e c -  
t i v i t y ,  but t h e  ex i s t ence  of such a  type t a r g e t  i n  a  t a c t i c a l  environ-  
ment i s  ques t i onab le .  

Where maximum guidance ranpe performance involves  t a r g e t  
l o c a t i o n  d a t a  obtained from e x t e r n a l  sou rces ,  t h e  p re sen t  guidance 
system does provide t h e  requi red  range of 20,000 meters .  

The minimum requi red  guidance range of  250 meters  i s  not  met 
by t h e  p re sen t  system. Cons is ten t  w i th  o t h e r  c h a r a c t e r i s t i c s  of  t he  
system, such a s  antenna p a t t e r n s  and t r a c k i n g  r a t e  c a p a b i l i t i e s ,  the  
p re sen t  system cannot t o l e r a t e  any p o r t i o n  of  t h e  m i s s i l e  f l i g h t  t r a -  
j e c t o r y  being c l o s e r  than 400 meters from t h e  guidance c e n t r a l  t r a c k e r .  

b .  Refer  t o  Paragraph 6 . c .  of OTCM 36527 - I n  accuracy a  CPE 
of 5  meters  i s  r equ i r ed  when t a r g e t  l o c a t i o n  d a t a  i s  obta ined  by use of  
t h e  Targe t  Ranging S e t .  The presen t  system meets t h i s  requirement only 
a t  a  guidance c e n t r a l - t o - t a r g e t  ranges of 1,000 meters  o r  l e s s .  The 
CPE i n c r e a s e s  approximately 1 meter per a d d i t i o n a l  1,000 meters of range 
a t  ranges  from 1,000 meters t o  t he  maximum usab le  range of t h e  Target  
Ranging S e t .  Accordingly, t h e  achieved CPE i s  6  meters  i n s t e a d  of  5  a t  
2,000 meters  guidance range,  7 meters i n s t e a d  of 5  a t  3,000 meters ,  and 
s o  on t o  approximately a  9 - 10 meter CPE a t  5,000 meters ,  assuming the  
TRS can range t o  5,000 meters .  This l i m i t a t i o n  i s  no t  a t t r i b u t a b l e  t o  
ranging inaccuracy of t h e  TRS, but merely t o  
i ng  system i s  involved.  

C O P Y  

t h e  f a c t  t h a t  a  1 m i l  t r a ck -  
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CG, USAOMC, Redstone Arsena l ,  Alabama 

When us ing  t a r g e t  l o c a t i o n  d a t a  ob ta ined  from e x t e r n a l  sources ,  
such a s  reconnaissance a i r c r a f t ,  and exc lus ive  of t h e  accuracy of t h e  
map o r  photo d a t a  involved,  t h e  system is  r equ i r ed  t o  provide a  CPE of 
40 meters ,  w i t h  30 meters  d e s i r e d .  The d e s i r e d  CPE of  30 meters  i s  met 
by t h e  p re sen t  guidance system out  t o  t h e  r equ i r ed  guidance range of 
20,000 meters .  

The M i l i t a r y  C h a r a c t e r i s t i c s  a n t i c i p a t e  t h a t  a  guidance s t a -  
t i o n  w i l l  be masked from t h e  t a r g e t  by t e r r a i n ,  and s t a t e  t h a t  i n  such 
ca se s  t h e  accuracy s h a l l  no t  be degraded but  remain a  func t ion  of  t he  
guidance c e n t r a l - t o - t a r g e t  range .  LACROSSE accuracy i s  a  func t ion  of 
t h a t  range ,  but  is  f u l l y  r e a l i z e d  only when t h e  m i s s i l e  can be t racked  
i n t o  t h e  t a r g e t .  Hence t e r r a i n  masking does degrade t h e  accuracy 
achieved,  w i t h  t h e  degrada t ion  being a  func t ion  of t h e  he igh t  and s l a n t  
d i s t a n c e  from the  t a r g e t  a t  which t r a c k i n g  and ranging i s  l o s t .  
Cont inual  reconnaissance and p r e - s e l e c t i o n  o f  optimum guidance c e n t r a l  
l o c a t i o n s  i s  a t  p resen t  t h e  only s o l u t i o n  t o  minimizing t h e  e f f e c t s  of 
t e r r a i n  masking on system accuracy.  

c .  Refer  t o  Paragraph 6.d.  (2) of OTCM 36527 - t h e  r e c e n t  
d i r e c t i v e  t o  te rmina te  the  T-52 warhead development has  been p a r t i a l l y  
modified t o  permit t he  completion of combined R&D - Engineering f l i g h t  
t e s t s .  Presen t  p lans  c a l l  f o r  p l ac ing  t h e  T-52 i n  a  she l f - i t em s t a t u s  
by mid-1960, without  l i v e  t e s t i n g  by u s e r  agenc ies .  A warhead of t h i s  
gene ra l  type  should be provided,  s i n c e  lack  of same somewhat nega tes  
e f f i c i e n t  use  of  t h e  accuracy of LACROSSE, i t s  ou t s t and ing  f e a t u r e  when 
compared w i t h  o t h e r  d e l i v e r y  systems. 

d .  Refer  t o  Paragraph 6.g.  of OTCM 36527 - The p re sen t  system 
meets t h e  360 degree requirement f o r  t h e  guidance c e n t r a l  only i f  
launchers  can be proper ly  deployed i n  suppor t  of t h a t  c e n t r a l .  The 
system i s  r e s t r i c t e d  i n  t h a t  overhead t r a c k i n g  i s  impossible ,  and m i s -  
s i l e  approaches t o  t a r g e t  must be s e l e c t e d  s o  a s  t o  a s s u r e  t h a t  t h e  
guidance c e n t r a l  l oca t ion  i s  included i n  t h e  m i s s i l e  antenna r a d i a t i o n  
p a t t e r n  a t  a l l  t imes.  

The FM-CW ranging and c o n t r o l  l i n k  of  t h e  p re sen t  system, 
ope ra t i ng  a t  420 mc and 450 mc, is  cons idered  v i r t u a l l y  n o n - r e s i s t a n t  
t o  jamming by smal l ,  low-powered, and inexpensive jamming s i g n a l  dev i ce s .  

Presen t  LACROSSE guidance systems cannot o p e r a t e  f r e e l y  and 
s imul taneous ly ,  without  mutual i n t e r f e r e n c e ,  un l e s s  s epa ra t ed  by a  
d i s t a n c e  of 30 m i l e s  o r  more. Mutual i n t e r f e r e n c e  can only  be avoided 
by m u l t i p l e  system ope ra t i on  on a  t ime-sharing b a s i s .  

Development of t h e  MOD I a l l - p u l s e  Ka band guidance system, 
which was intended t o  provide t h e  l e v e l  of  anti-jamming and a n t i -  
i n t e r f e r e n c e  f e a t u r e s  d e s i r e d ,  has  been te rmina ted .  
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e. Refer to Paragraph 6.h. of OTCM 36527 - The present system 
can meet the intent of the rate of fire requirement insofar as launching 
and handling requirements are concerned. A possible limitation arises 
in the form of the time required at the LACROSSE FDC to process and dis- 
seminate fire control data in certain guidance modes of operation. The 
FADAC computer will be evaluated for LACROSSE purposes by mid-1960. 
Subject to the final results of the evaluation and a positive decision 
to employ same, LACROSSE FADAC units could be made available to LACROSSE 
units by mid-1961. 

f. Refer to Paragraph 6.i. of OTCM 36527 - The present self- 
propelled launching and handling system is definitely not helicopter 
transportable. Four (4) sets of helicopter transportable launching and 
handling equipment are currently being tested and evaluated by ordnance 
and user agencies. It is anticipated that testing will be completed 
and a production configuration will be firmed by July 1960. Subject to 
DA procurement desires as yet unstated, it is anticipated that complete 
HT I&H system can be made available to LACROSSE units by the spring of 
1961. 

g. Refer to Paragraph 6.j. of OTCM 36527 - Prior comments 
concerning the T-52 warhead are again applicable. Suitable practice 
and training warheads are being provided; however, development of a 
chemical or an incendiary warhead for LACROSSE has not been required to 
date. The On Target Command System, in conjunction with present fuze 
designs, for arming and detonation of both ground and air bursts, is 
considered to fulfill the fuzing requirements imposed by the military 
characteristics. 

h. Refer to Paragraph 7 of OTCM 36527. 

Ruggedness has not been attained throughout the complete 
system, particularly in the test and maintenance equipment. The majority 
of test equipment chassis have been manufactured to "best commercial 
practices" due to limitations on time and funds. Studies are now in 
process for the complete militarization of system equipment. Redesign 
of test equipment appears to be mandatory to improve ruggedness and 
reliability and increase the confidence level of the troops employing 
such equipment. 

Reliability requirements obviously embrace other require- 
ments such as ruggedness, simplicity and readiness. The degree of satis- 
faction of the requirement for 90 per cent reliability in missiles 
removed from six months storage cannot be assessed until considerably 
more missiles are produced, stored, and checked upon removal from storage. 
Using missiles directly from the production line, with no six months 
storage, the 90 per cent prefiring checkout reliability has not been 
achieved. This area of reliability is presently estimated at between 
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45 and 60 per c e n t .  The planned inco rpora t ion  of an improved a u t o p i l o t ,  
w i th  concurren t  redesign of the  2nd echelon Guided M i s s i l e  Tes t  Se t  and 
r e l a t e d  3rd Echelon t e s t  i tems,  i s  expected t o  improve t h i s  a r e a  of 
r e l i a b i l i t y  by approximately 20 per  c e n t .  Improvements i n  t he  r e l i a -  
b i l i t y  of the  m i s s i l e  beacon, m i s s i l e  t ransponder ,  and ground guidance 
equipments a r e  being sought through a concerted r e l i a b i l i t y  program, 
which t o  d a t e  has revealed t h e  need f o r  improved q u a l i t y  and d u r a b i l i t y  
of key components r a t h e r  than major assembly redes igns .  While consider-  
a b l e  d i f f i c u l t y  has been experienced wi th  t h e  PPU of t h e  MGC i n  t he  p a s t ,  
recent  performance of improved models of t h i s  power u n i t  has been 
encouraging. The des ign  of the  PPU i s  marginal ;  however, t he re  i s  no 
known power supply of comparable c o s t ,  weight and s i z e  which i s  capable 
of adequate ly  r ep l ac ing  i t .  

The present  system i n f l i g h t  r e l i a b i l i t y  i s  approximately 
75 per  c e n t ,  a s  opposed t o  t he  95 per  cent  requirement .  The requirement 
involves  the  degree of assurance t h a t  a f t e r  launch, t h e  m i s s i l e  w i l l  not  
abo r t  due t o  f a i l u r e  of m i s s i l e  o r  ground components, but  w i l l  d e l i v e r  
its payload t o  t he  s p e c i f i e d  t a r g e t  w i t h i n  t h e  normal d i s p e r s i o n  l i m i t s  
a s soc i a t ed  w i t h  requi red  accurac ies .  Excluding p r e - f l i g h t  checkout and 
p repa ra t ion ,  t h e  m i s s i l e  guidance c e n t r a l  has  proven t o  be inhe ren t ly  
more r e l i a b l e  than  the  m i s s i l e  dur ing  a c t u a l  f l i g h t  ope ra t ions .  Very 
few f l i g h t s  have aborted a s  a r e s u l t  of MGC f a i l u r e .  The m i s s i l e  - 2nd 
Echelon M i s s i l e  Tes t  Set  combination i s  the  problem, and the  major 
problem components a r e  t he  a u t o p i l o t ,  t ransponder  and beacon. 

S impl ic i ty  has been achieved i n  requi red  opera t ions  from 
removal from s to rage  t o  a c t u a l  f i r i n g ,  i n  t h a t  a minimum of personnel  
a r e  needed. System opera t ion  is  poss ib l e  by semi - sk i l l ed  personnel ,  
however, p resent  test and maintenance ope ra t ions  a t  3rd and 4 t h  and 5th 
Echelon r e q u i r e  s k i l l e d  ordnance personnel  who have completed formal 
t r a i n i n g  and have cons iderable  on-the-job exper ience .  This  is  caused 
by the  abundance of s t a r r e d  va lue  and c r i t i c a l l y  matched components 
throughout t he  system. 

i. Refer t o  Paragraph 8 of OTCM 36527 - Excepting the  3rd 
Echelon Tes t  and Maintenance Vans, t h e  p re sen t  system has  the  degree of 
mobi l i ty  d e s i r e d .  The non-mi l i ta r ized  3rd  Echelon equipment i s  not  con- 
s ide red  s u f f i c i e n t l y  rugged t o  withstand cross-count ry  ope ra t ions .  
Every component and ind iv idua l  of t he  LACROSSE b a t t a l i o n  is  t ranspor ted  
by organic  wheeled veh ic l e s  ranging i n  capac i ty  from 1/4-Ton t o  5 Ton. 
A l l  components of the  m i s s i l e  guidance c e n t r a l  a r e  man-transportable  
w i th  l i m i t a t i o n s .  The t a r g e t  Ranging Se t  c o n s i s t s  of an  80 pound head 
and a 30 pound t r i p o d .  The MGC t r a c k e r  c o n s i s t s  of two 60 pound u n i t s ,  
w i t h  t he  t r a c k e r  head being d i f f i c u l t  t o  c a r r y  wi thout  t he  s p e c i a l  frame 
The guidance c e n t r a l  primary power supply c o n s i s t s  of two 62 pound pack- 
ages ,  w i t h  t he  volume of t he  housing u n i t  being somewhat undes i rab le  
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from a man-carrying standpoint. Helicopter transportability has been 
discussed in preceding paragraphs. The present M-108 loading crane 
weighs 19,785 pounds and is thereby not usable in assault landing air- 
craft for Phase I airborne operations wherein the upper weight limit is 
16,000 pounds. A lightweight crane weighing 14,000 pounds, which 
includes the 10,700 pound curb weight of the M45 2112 Ton Truck, is now 
being tested. 

j. Refer to Paragraph 9 of OTCM 36527. 

Compactness in test equipment has not been achieved. The 
test equipment consists of five (5) M-109 vans with five (5) trailer- 
mounted power units at 3rd Echelon and four (4) M-lO9'vans with four ( 4 )  
trailer-mounted power units at 4th Echelon. 

Although final go-no-go checkout of major assemblies is 
considered satisfactory, the subchassis go-no-go tests, trouble shooting, 
and calibration of system equipment presents many difficulties. Many of 
the chassis are not standardized and extreme difficulty is experienced 
in testing a subchassis with the go-no-go tester designed for that 
purpose. On a few subchassis, such as an intermediate frequency ampli- 
fier, it is possible to use the provided go-no-go tester but the tester 
does not have the capability of isolating a malfunction, nor does field 
maintenance have a repair and alignment capability. 

k. Refer to Paragraph 10 of OTCM 36527. 

Minor deficiencies discovered in recent cold chamber tests 
are now in the process of being corrected by modification work orders. 
The complete LACROSSE System will be Arctic tested at Fort Churchill 
beginning in January 1960. 

1. Refer to Paragraph 12 of OTCM 36527. 

Interchangability is a major problem in the LACROSSE 
system. Although this problem is prevalent in many of the major 
assemblies, the Missile Guidance Central and the DME test set are 
principal offenders. Engineering has been completed and manufacturing 
started on a non-militarized Dynamic Range and Computer Simulator to 
replace the DME Test Set. It was recently determined that only 13 of 
the 25 MGI chassis were interchangeable. Of the remaining 12 chassis, 
the effort required to assure interchangeability varies from a relatively 
minor modification to 6 chassis, more serious modification to 2 chassis, 
and a complete redesign of 4 chassis. Such modifications and redesign 
are now under advisement. The decision will be based on the extent of 
the changes required, as well as the time and funds to be involved. 
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No serious attempts have been made to incorporate alternate 
employment in the system. Launching from a moving or stationary ship, 
to a fixed guidance point ashore, is considered feasible for naval post- 
landing ship-to-shore bombardment. The air-dropping or launching of 
LACROSSE missiles from high speed aircraft, to the control of guidance 
centrals aground, is considered feasible. It is not planned to pursue 
either the ship-launching or air-craft-launching method for LACROSSE at 
the present time. 

m. The comments above are from an Ordnance view and are broad 
in nature. For a more detailed reply, the using troops should be 
contacted. 

3. (U) In response to the information requested in paragraph 3.c. 
of Reference lb and paragraph 2.c. of Reference 1.c. above, the costs 
of MAP program are based on the following assumptions: 

a. Requirement for MAP is as reflected in Five Year Materiel 
Program received at this agency November 1959. 

b. Equipment for MAP will be delivered after Army require- 
ment has been satisfied, as reflected in Five Year Materiel. 

c. Since there will be an Army procurement of missiles in FY 
61, no additional indirect costs will be required to support MAP in the 
missile area. 

d. Since there will not be an Army procurement of ground or 
test equipment in FY 61, funds will be required to support engineering 
for the MAP requirement in this area. 

e. A minimum of 15 percent concurrent repair parts will be 
required. 

f. Since the Army requirement will have been satisfied prior 
to delivery of MAP requirements, no funding for Engineering Orders will 
be applicable specifically to MAP. 

4 .  Costs for MAP FY 60 Procurement are as follows: 

Item - Quantity Unit Cost Total 

Missile 
Current Autopilot 
New Autopilot 
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Item - Quantity Unit Cost Total 

Ground Equipment 
Current Autopilot 
New Autopilot 

Type IV Test Equipment 
Old Autopilot 3 9 54,300 2,863,000 
New Autopilot 3 917,300 2,751,900 

T34E2 Warhead 120 3,912 469,400 

The cost figures given above for the new autopilot are only estimates 
and have not been confirmed by the contractor. 

5. & The availability of an all pulse Ka band guidance system 
would be contingent upon the Army R&D effort continuing on the quanti- 
ties of equipment desired. Since these factors are unknown at the 
present time, cost information on a Ka band system can not be furnished 
within the time frame allowed. 
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I n  Reply 
Refer To 00/60S 340 

DOCUMENT 18 

HEADQUARTERS 
DEPARTMENT OF THE ARMY 

OFFICE OF THE CHIEF OF ORDNANCE 
WASHINGTON 25, D .  C .  

22 J A N  1960 

Major General  J .  B. Medaris 
Commanding General  
Army Ordnance M i s s i l e  Command 
Redstone Arsena l ,  Alabama 

Dear Bruce: 

(U) I have c a r e f u l l y  reviewed your l e t t e r  of 18 December 1959 on 
LACROSSE and have been b r i e f ed  on the  A r t i l l e r y  Board Se rv i ce  Tes t  a s  
w e l l  a s  t h e  ARGMA TWX which t o l d  of a c t i o n  t aken  t o  c o r r e c t  d e f i c i e n c i e s  
l i s t e d  by the  Board. 

& A s  I look a t  t h i s  program I am astounded a t  t h e  s i m i l a r i t y  be- 
tween LACROSSE and DART. You remember how t h e  improvements on t h e  l a t t e r  
were always " j u s t  around t h e  corner." To me, t h e  fundamental d i f f e r e n c e  
is  t h a t  LACROSSE i s  b a s i c a l l y  a  good system. The d i f f i c u l t y  i s  t h a t  the  
c o r r e c t i o n s  f o r  t h e  known d e f i c i e n c i e s  which have appeared i n  t h e  equip- 
ment t o  d a t e  a r e  marginal .  

& Our a c t i o n  a t  t h i s  time should be concent ra ted  on g e t t i n g  sound 
c o r r e c t i o n s  f o r  t h e  d e f i c i e n c i e s  i nd i ca t ed  by Engineer ing and User Tes t  
i n t o  e x i s t i n g  m a t e r i e l .  When we have t h e s e  under our b e l t ,  i t  w i l l  be 
time t o  cons ider  t h e  f u r t h e r  improvements incorpora ted  i n  our 29 May 
proposal .  

2 Under t h e  provis ion  t h a t  i t  does no t  d i l u t e  o r  de l ay  g e t t i n g  
e f f e c t i v e  c o r r e c t i o n s  i n t o  t he  b a s i c  system, I do no t  o b j e c t  t o  a  very 
l im i t ed  e f f o r t  w i th  e x i s t i n g  funds t o  b e t t e r  prepare us t o  reclama the  
August D/A S t a f f  p o s i t i o n .  (The scope of  t h e  LACROSSE Program could 
i nc rease  o r  you may d iscover  a  means f o r  making a  major r educ t ion  i n  
t h e  c o s t  and r i s k  of t h e  May proposa l ) .  

& I r e a l i z e  t h a t  t h i s  i s  t ak ing  advantage of a  D / A  S t a f f  dec i s ion .  
However, they a r e  s tuck  w i t h  i t  and I am i n c l i n e d  t o  hold them t o  i t  a t  
t h i s  t ime. S t a f f ' s  r e f u s a l  of our May 1959 proposa l  was pred ica ted  
p r imar i l y  on budgetary l i m i t a t i o n s  and,  p o s s i b l e ,  an ACSI eva lua t ion  t h a t  
t h e  ECM l i m i t a t i o n s  would no t  be a c t i v e l y  e x p l o i t e d  by t h e  enemy. ( I  be- 
l i e v e  ACSI was na ive ) .  The FY 1961 RDT&E budget i s  going t o  be t i g h t .  
The t o t a l  Surface- to-Surface m i s s i l e  p o r t i o n ,  excluding PERSHING, i s  only 
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about 11.8 m i l l i o n .  The k i s s  

- - -  

of dea th  i s  on 
inc reases  i n  t h e  LACROSSE program t o  provide 

any r eques t  now f o r  fund 
s u b s t a n t i a l  ECM improvement. 

(U) I expect  your Command t o  a c t i v e l y  pursue means of improving 
the  LACROSSE t o  t h e  ex t en t  permit ted by a v a i l a b l e  funds.  I am inc los ing  
some a c t i o n s  suggested by my S t a f f .  Do you have any b e t t e r  ones? 

1 I n c l  
Suggested AOMC 
Act i ons .  
(C) 

S ince re ly  yours ,  

s / t  J. H .  HINRICHS 
Lieu tenant  General ,  USA 
Chief of  Ordnance 
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SUGGESTED ACTIONS ON LACROSSE - 

1. & High p r i o r i t y  AOMC a c t i o n s  t o  r ece ive  concent ra ted  e f f o r t .  

a .  E s t a b l i s h  an e s p e c i a l l y  q u a l i f i e d  t e c h n i c a l  team, - 
( u t i l i z i n g  Ordnance-wide and I n d u s t r i a l  sources)  t o  conduct an extended 
review of t h e  progress  being made i n  e l i m i n a t i n g  the  c u r r e n t  LACROSSE 
problems a s  revea led  by R&D, Engineer and User T e s t s .  The output  of 
t h i s  team should be a  l i s t  of d e f i c i e n c i e s ,  a long  with:  

(1) An a n a l y s i s  o f  t h e  e x t e n t  of t h e  c u r r e n t  de f i c i ency .  

(2) A t e c h n i c a l  e v a l u a t i o n  of t he  proposed s o l u t i o n  
through t h e  a p p r o p r i a t e  engineer ing  c a l c u l a t i o n s  
requi red  t o  i n d i c a t e  t h a t  i t  i s  fundamentally 
sound. 

(3) The time s c a l e  involved a t  a r r i v i n g  a t  a  s o l u t i o n .  

(4) A c o s t  e s t i m a t e  t o  accomplish t h e  t echn ica l  t a s k .  

(5) The submission of conc re t e  proposa ls  and t a s k s  
t o  be supported.  

b.  A review s i m i l a r  t o  t h a t  of paragraph 1 d i r e c t e d  a t  - 
t h e  t e s t  equipment problem. The output  o f  t h i s  team should be: 

(1) An a n a l y s i s  of t h e  impact of suppor t ing  LACROSSE 
wi th  i t s  e x i s t i n g  3 rd  and 4 t h  Echelon Tes t  
Equipment. 

(2) The p r a c t i c a l i t y  of hardening p o r t i o n s  of  t he  
t e s t  equipment only ( e .g .  harden con tac t  team 
t e s t  equipment) . 

(3)  Discussion of o t h e r  a l t e r n a t e s  a v a i l a b l e .  
(S imi la r  t o  paragraph l . b . ( 2 ) . )  

(4) Appl ica t ion  of UTE. A development and f  ive-year  
m a t e r i a l  p lan  should be included a s  w e l l  a s  an  
e s t ima te  of t he  r i s k  involved i n  ob t a in ing  r e l i -  
a b l e ,  t a c t i c a l  type equipment i n  an app rop r i a t e  
time s c a l e .  

(5) A concre te  proposa l  on t he  work t o  be done i n  t he  
t e s t  equipment a r e a .  

I n c l  1 
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SUGGESTED  ACTION^-ZN UCROSSE.. (Cont ' d) 

c .  Ca re fu l ly  review a l l  system l i m i t a t i o n s  prev ious ly  
furn ished  t o  the User t o  i n su re  t h a t  they a r e  a c t u a l l y  r equ i r ed  w i th  t h e  
c u r r e n t  equipment being fu rn i shed  ( t h i s  is  t o  i nc lude  f i r i n g  parameter 
l i m i t a t i o n s  furn ished  t o  t he  User) .  Resu l t s  of t h i s  review should be 
made a v a i l a b l e  t o  OCO a s  soon a s  a v a i l a b l e .  

2 .  (lt4 Low p r i o r i t y  AOMC a c t i o n s  t o  r e c e i v e  very  l im i t ed  e f f o r t .  
These a r e  t o  be undertaken only i f  they do n o t  d i l u t e  o r  de lay  e f f e c t i v e  
c o r r e c t  ions t o  t he  bas i c  sys  t e m r  

a .  Give moral support  t o  the  Mar t in  Company i n  t h e  demon- 
s t r a t i o n  of t h e  work they have done (understood t o  be a t  t h e i r  expense) 
on the  improved guidance system. Martin should not be mi s l ed  i n t o  be- 
l i e v i n g  t h a t  suppor t  f o r  t he  ex t ens ion  of  t h i s  program i s  imminent. 

b .  E s t a b l i s h  t he  c o s t s  and t i m e  s c a l e  of b r ing ing  one - 
complete s e t  of improved guidance LACgOSSE w i t h  suppor t ing  t e s t  equip-  
ment t o  a t a c t i c a l  prototype s t a g e  - t h a t  i s ,  e s s e n t i a l l y  a s h e l f  R&D 
i tem.  This  ~ rou ld  inc lude  approximately 25 - 30 f l i g h t  t e s t s .  (E/U 
Tes t ing  should not  be included,  but complete i n t e g r a t i o n  of White Sands 
Mis s i l e  Range and User personnel  i n  t h e  program is sugges ted) .  When 
a v a i l a b l e ,  t h i s  program should be submit ted t o  OCO 

c .  A review of t he  AOMC 19 May 1959 p lan  f o r  improved - 
guidance and, s e p a r a t e l y ,  t h e  improved motor program. The output  of 
t h i s  review would be a program, reviewed i f  necessary ,  which has f u l l y  
considered previous adequacy of  t e c h n i c a l  performance, a s  w e l l  a s  pa s t  
experience of program t i m e  s l i ppages  and increased  c o s t s ,  so  a s  t o  
l i m i t  r i s k s  t o  a reasonable  l e v e l .  When a v a i l a b l e ,  t h i s  program should 
be submitted t o  OCO. 

3 .  OCO Actions: 

a .  Follow c o r r e c t i v e  a c t i o n s  c l o s e l y  - p a r t i c u l a r l y  f o r  - 
evidence of e l imina t ion  of d e f i c i e n c i e s  by sound, proven f i x e s .  

b .  Be a l e r t  t o  f u r t h e r  expansion o f  t h e  LACROSSE program 
and poss ib l e  reclama of t h e  D / A  S t a f f  August d e c i s i o n  i f  t h i s  should 

a 
occur .  

c .  Review c a r e f u l l y  t h e  programs submit ted under paragraphs 
2.b.  and 2 .c. above and advise  t h e  Chief of Ordnance whether e i t h e r  of 
them ( i n  conjunc t ion  wi th  progress  being made on f i x e s  of t h e  c u r r e n t  
system) j u s t i f y  a reclama. 
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THE MARTIN COMPANY 
Orlando , F l o r i d a  

25 March 1960 

Refer t o :  60-1107 
Mail No.: MP-17 

Brig.  General  J. G .  Shinkle  
Army Ordnance Miss i l e  Command 
Army Rocket & Guided M i s s i l e  Agency 
Redstone Arsenal ,  Alabama 

Subj: Pro jec ted  Overrun of Contract  Funds Required t o  Complete Indus- 
t r i a l  Contract  DA-36-034-ORD-2524 

Dear General  Shinkle: 

A s  we approach the  completion of c o n t r a c t  DA-36-034-ORD-2524, which we 
have previous ly  r e f e r r e d  t o  a s  t he  F i s c a l  '57 I n d u s t r i a l  Buyyour l a t e s t  
e s t ima te  t o  complete i n d i c a t e s  t h a t  we w i l l  no t  need $75,000 c u r r e n t l y  
i n  the  d e f i n i t i v e  c o n t r a c t .  Since a l l  t he  hardware t o  be furnished 
under t h i s  c o n t r a c t  has been de l ive red  and we a r e  i n  the  process of 
t y ing  up loose ends c o n t r a c t u a l l y ,  we f e e l  i t  appropr i a t e  a t  t h i s  time 
t o  i n d i c a t e  t o  you t h a t  t h i s  amount of funds may be deobl iga ted  a t  your 
e a r l i e s t  convenience. 

Fu r the r ,  you w i l l  r e c a l l  t h a t  on c o n t r a c t  DA-01-009-ORD-614 an overrun 
requirement of $2,245,588 was nego t i a t ed  l a s t  f a l l  a s  a  r e s u l t  of the  
extreme emergencies and e f f o r t s  requi red  dur ing  the  period p r i o r  t o  
a c t i v a t i o n  l a s t  Ju ly ;  we have now l ikewise  completed a l l  major end item 
d e l i v e r i e s  of hardware under t h i s  c o n t r a c t ,  and a r e  pleased t o  r epo r t  
t h a t  we w i l l  not  need $180,000 of t h a t  t o t a l  amount which had not  been 
funded through t h i s  d a t e .  

We have been ab le  t o  meet o r  beat  our  c o n t r a c t  schedule requirements 
every month s i n c e  l a s t  November, inc luding  the  ground and t e s t  equipment 
c u r r e n t l y  being de l ivered  f o r  the  a c t i v a t i o n  of the  four  reduced s t r eng th  
b a t t a l i o n s .  We were ab le  t o  d e l i v e r  l a s t  month's b a t t a l i o n  and 3rd eche- 
lon  equipment complete by the  23rd of t he  month a s  a g a i n s t  a  r equ i r e -  
ment of t h e  30th  of the  month. We have d e l i v e r e d  the  second b a t t a l i o n  
on the  17th  of March aga ins t  a  requirement of the  31s t  of March, and we 
a r e  s i m i l a r l y  hopeful  of completing the  remaining two b a t t a l i o n  comple- 
ments of hardware p r i o r  t o  our c o n t r a c t  requirements .  You may be 
assured  t h a t  t he  equipment which we a r e  d e l i v e r i n g  t o  meet t h i s  y e a r ' s  
a c t i v a t i o n  requirement has been b u i l t  and t e s t e d  under a  calm and 
thorough q u a l i t y  and t e s t  environment, and has i n  f a c t  been marriage 
t e s t e d  t o  t h e  s a t i s f a c t i o n  of your q u a l i t y  r e p r e s e n t a t i v e s  a s  wel l  a s  
those  i n  our  o rgan iza t ion .  



We f e e l  t h a t  we a r e  pass ing  through a  major mi lepos t  on Lacrosse and 
b e l i e v e  t h a t  t h e  f u t u r e  looks even b r i g h t e r .  I n  our meeting wi th  rep-  
r e s e n t a t i v e s  of t h e  A r t i l l e r y  and Ordnance, he ld  l a s t  week, I must admit 
t h a t  we had some anxious moments a t  t h e  s t a r t  of t h e  meeting. However, 
Messrs.  Gonsalves, Hightower and Kel ley were a b l e  t o  r a p i d l y  b r ing  t h e  
meeting back on an even kee l  and t o  a  s u c c e s s f u l  completion. We a t  
Mart in  a r e  thoroughly convinced t h a t  t h e  h ighes t  p r i o r i t y  program 
problem today i s  t h e  clean-up of those  i tems which se rve  a s  an i r r i t a n t  
today t o  t h e  A r t i l l e r y  and t o  Ordnance, a s  noted i n  t h e  minutes of t h e  
meeting. You may r e s t  assured  t h a t  we w i l l  bend every e f f o r t  t o  expedi te  
r e s o l u t i o n  of t he se  problems, and a r e  v igo rous ly  working wi th  your key 
Lacrosse managerial  people t o  implement t h i s  c o r r e c t i v e  a c t i o n  i n  t h e  
f i e l d  throughout t h e  weapon system. 

We rece ived  a  most unusual r e a c t i o n  from t h e  A r t i l l e r y  i n  response t o  
our proposa l  t o  so lve  t h e i r  de f i c i ency  item c a l l e d  ECM (namely, t h e  
implementation of t h e  improved guidance program), a s  I am s u r e  has been 
r epo r t ed  t o  you by Colonel Lehtonen and o t h e r s  who were p re sen t .  We 
a r e  convinced t h a t  t h e  A r t i l l e r y  is  overwhelmingly concerned wi th  t h e  
p r e s e n t ,  and a t  t h e  moment no t  t oo  concerned wi th  long term s o l u t i o n  of 
t h e  fundamental system problem. However, we a r e  equa l ly  convinced t h a t  
they w i l l  no t  be s a t i s f i e d  wi th  Lacrosse a f t e r  we have cleaned up t h e  
d e f i c i e n c i e s  which d i s t u r b  them now, and t h a t  they w i l l  then have no 
o t h e r  weapon system a v a i l a b l e  i n  t h e  f i e l d  f o r  s e v e r a l  yea r s  which can 
l i v e  i n  t h e  e l e c t r o n i c  environment a n t i c i p a t e d .  

We f e e l  t h a t  a s  an urgent but secondary p r i o r i t y  endeavor,  we must and 
should cont inue  wi th  our e f f o r t s  on t h e  improved guidance program t o  
whatever l e v e l  a v a i l a b l e  funding w i l l  pe rmi t ,  s i n c e  we w i l l  be unable 
t o  s o l v e  t h e  ECM problem i n  a  s h o r t  t ime span s i m i l a r  t o  t h a t  which w i l l  
be r equ i r ed  t o  so lve  t h e  o the r  d e f i c i e n c i e s  t h a t  were noted i n  t h e  meet- 
ing l a s t  week. We recommend t h a t  every e f f o r t  be made t o  provide some 
means t o  keep t h i s  program a l i v e  u n t i l  s i g n i f i c a n t  funding can be made 
a v a i l a b l e  t o  pursue it on a  sound and conse rva t ive  b a s i s  t o  remove t h e  
stigma of t h e  p a s t  from Lacrosse,  which has accrued due t o  our rush ing  
t o  t h e  f i e l d  prematurely wi th  unproven hardware. Our r e p r e s e n t a t i v e s  a r e  
t h i s  week meeting wi th  R&D personnel  t o  develop a  j o i n t  program p l an  f o r  
such implementation. Should any a s s i s t a n c e  be r equ i r ed  i n  making t h e s e  
p r e s e n t a t i o n s  a t  higher  l e v e l s ,  p l e a s e  do no t  h e s i t a t e  t o  c a l l  upon us.  

It has  been a  r e l a t i v e l y  r a r e  occasion i n  t h e  p a s t  when we have been 
a b l e  t o  r e p o r t  good news t o  your o f f i c e ,  and we a r e  p leased  t o  submit 
t h e  foregoing .  

S ince re ly ,  

THE MARTIN COMPANY 

H. R. STAUDT 
Lacrosse P r o j e c t  D i r e c t o r  

C O P Y  
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DOCUMENT 20 
HEADQUARTERS 

U .  S.  Army Ordnance M i s s i l e  Command 
Redstone Arsena l ,  Alabama 

27 Apr 60 

SUBJECT: LACROSSE Weapons System (U) 

TO : Chief of Ordnance 
Department of t he  Army 
Washington 25, D .  C .  

1. (U) Reference i s  made t o  Chief of Ordnance l e t t e r  of 22 
January 1960 t o  Commanding General ,  U .  S. Army Ordnance M i s s i l e  Command, 
s u b j e c t  : "LACROSSE Miss i l e  System." 

2. (U) Inc losu re  #1 t o  t h i s  l e t t e r  s p e l l s  ou t  t he  s p e c i f i c  
d e f i c i e n c i e s  of t h e  cu r r en t  LACROSSE System a s  j o i n t l y  def ined  by CONARC 
and t h i s  Command, and provides  proposed s o l u t i o n s  and c o s t s .  The d e f i -  
c i e n c i e s  do not  inc lude  those  t h a t  may be c o r r e c t a b l e  from the  cu r r en t  
R&D improved a u t o p i l o t  program, nor any f u t u r e  improved guidance o r  
improved motor programs. A t o t a l  of $14,030,000, i nc lud ing  engineer ing  
funds,  and a  time per iod  of approximately two yea r s ,  a r e  r equ i r ed  t o  
c o r r e c t  those  d e f i c i e n c i e s  considered and t o  incorpora te  t h e  involved 
f i x e s  i n  f i e l d  equipment. Deduction of $4,189,000 of engineer ing  funds 
a l r e a d y  committed toward the  FY 60 LACROSSE Program r e s u l t s  i n  a  r equ i r e -  
ment f o r  $9,841,000 of a d d i t i o n a l  funds t o  remedy only those  d e f i c i e n c i e s  
cons idered  i n  t h e  i nc lo su re .  

3 .  & This  Command cons iders  i t  i l l o g i c a l  t o  propose a n  improve- 
ment program which does no t  inc lude  inco rpo ra t i on  of t h e  advantages 
planned t o  acc rue  from the  R&D improved a u t o p i l o t  program, A succes s fu l  
improved a u t o p i l o t  program w i l l  r e s u l t  i n  r e l i a b i l i t y ,  c o s t ,  t e chn ica l  
performance, t a c t i c a  1 performance, and t e s t  equipment advantages which 
a r e  no t  p o s s i b l e  i n  a  program l imi t ed  t o  t h e  e x t e n t  o u t l i n e d  i n  Para-  
graph 2.  above. It i s  es t imated  t h a t  i n d u s t r i a l  procurement and incor -  
p o r a t i o n  of t h e  a u t o p i l o t  program hardware w i l l  involve a n  a d d i t i o n a l  
c o s t  of approximately $7,600,000 and a  t o t a l  time per iod  of approximately 
t h r e e  y e a r s .  I n  s h o r t ,  s i g n i f i c a n t  improvement of t he  e x i s t i n g  LACROSSE 
System i s  considered t o  involve a  t o t a l  of approximately $17,441,000 
(9,841,000 p l u s  $7,600,000) and a  t o t a l  t ime per iod  of t h r e e  years , .  

4. X) P r i o r  t o  any commitment of a  sum of money i n  t h e  order  of 
$17,441,000 t o  fund a  th ree-year  program t o  improve LACROSSE wi th in  i t s  
p r e sen t  system l i m i t a t i o n s ,  i t  i s  cons idered  mandatory t h a t  a  f i rm 
dec i s ion  be made a s  t o  t he  f u t u r e  of LACROSSE beyond t h a t  th ree-year  
pe r iod .  S p e c i f i c a l l y ,  a  dec i s ion  i s  r equ i r ed  a s  t o  whether a  second 
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ORDXR-FML 
SUBJECT: LACROSSE Weapons System (U) 

gene ra t i on  LACROSSE System w i l l  o r  w i l l  no t  
fo l lowing  f a c t o r s  must be considered:  

27 Apr 60 

become a r e a l i t y .  The 

a .  Simultaneous provis ion  of an improved guidance system and 
an improved motor i s  i n  o rde r .  

b .  Development of the  improved guidance system has been con- 
t inued  on a  minimum e f f o r t  b a s i s  and has a  c u r r e n t  pos tu re  which lends 
i t s e l f  t o  immediate implementation wi th in  t h i s  f i s c a l  y e a r .  

c .  An improved motor (probably a  d u a l  t h r u s t  packaged l i q u i d  
design)  can be developed, t e s t e d ,  and q u a l i f i e d  w i t h i n  t h e  time frame 
of p rov i s ion  of the  improved guidance system, and a t  a  reasonable  c o s t .  

d .  The improved a u t o p i l o t  system w i l l  be developed and t e s t e d  
i n  t h e  next  four  months, and can be incorpora ted  w e l l  w i t h i n  t h e  pos s ib l e  
phasing of t h e  improved guidance system. It should be noted t h a t  t h e  
improved a u t o p i l o t  system i s  i n  r e a l i t y  an ou t -c rop  of t h e  o r i g i n a l  MOD 
I a u t o p i l o t  e f f o r t .  

e .  The improved guidance system (MOO I ) ,  i n  combination wi th  
t he  improved a u t o p i l o t  system and an improved propuls ion  system, w i l l  
provide t he  fol lowing f e a t u r e s  i n  t he  LACROSSE System which a r e  no t  
a t t a i n a b l e  i n  a  mere c o r r e c t i o n  of t h e  e x i s t i n g  system a s  ou t l i ned  i n  
Paragraph 2: 

(1) High anti-ECM c a p a b i l i t y  (improved guidance) .  

(2) High r e s i s t a n c e  t o  c r o s s - b a t t e r y  i n t e r f e r e n c e ,  so  a s  
t o  permit  mu l t i p l e  f i r i n g s  i n  t h e  same l o c a l  a r e a  (improved guidance) .  

( 3 )  High r e s i s t a n c e  t o  random e l e c t r o n i c  communication 
i n t e r f e r e n c e  (improved guidance) .  

(4) Inc rease  of guidance range from 20,000 t o  40,000 
meters  (improved guidance) .  

( 5 )  Induced r o l l  s t a b i l i t y  du r ing  combined p i t c h  and yaw 
b 

maneuvers, which w i l l  permit l a t e r  a c q u i s i t i o n  and m u l t i p l e  yaw approaches 
t o  t a r g e t  (improved a u t o p i l o t ) .  

(6) A clamping a l t i m e t e r  system which w i l l  provide a  more 
e f f i c i e n t  pitc.h plane t r a j e c t o r y  which w i l l  prevent  l o s s e s  of range i n  
t he  o rde r  of 2,000 meters (improved a u t o p i l o t ) .  

(7) A more producible  and l e s s  expensive a u t o p i l o t  
(improved a n t o p i l o t ) ,  
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(8) A modularized Guided M i s s i l e  Tes t  Set  a t  1st and 2nd 
Echelons which i s  more r e l i a b l e ,  e a s i e r  t o  main ta in ,  and possesses  
d e s i r a b l e  s e l f - v e r i f i c a t i o n  f e a t u r e s  (improved guidance and a u t o p i l o t ) .  

(9) Modularized 3rd  and 4 t h  Echelon t e s t  equipment which 
is  more r e l i a b l e ,  m i l i t a r i z e d ,  e a s i e r  t o  ope ra t e  and main ta in ,  b e t t e r  
packaged i n  t h e  van con f igu ra t i on ,  and e l i g i b l e  f o r  use i n  t he  event  
m u l t i p l e  purpose t e s t  equipment i s  no t  a v a i l a b l e  i n  t h e  t ime frame 
involved . 

(10) Reduction of minimum launching range from 8,000 t o  
4,000 meters  (improved motor).  

(11) Increase  of maximum launching range from 24,600 meters 
a t  45' d i v e  and 30,000 meters a t  20' d i v e  t o  approximately 40,000 meters 
a t  a 45O d i v e  under normal cond i t i ons .  This  w i l l  open up the  system t o  
f i r i n g  a t  l e a s t  30,000 meters ( t h e  m i l i t a r y  requirement) a t  a 45' d ive  
( d e s i r a b l e  f o r  atomic d e l i v e r i e s )  under most any cond i t i ons  of a i r  b u r s t ,  
me teo ro log ica l  and t a r g e t  e l e v a t i o n  requirements  (improved motor).  

(12) Increased m i s s i l e  midcourse v e l o c i t y  which provides  a 
more respons ive  m i s s i l e  a l l  t he  way t o  t a r g e t ,  dec reases  t he  f l i g h t  t ime,  
i n c r e a s e s  p o s s i b l e  f i r i n g  r a t e ,  and reduces per iod of time t h e  m i s s i l e  
i s  s u b j e c t  t o  e l e c t r o n i c  and phys ica l  countermeasures (improved motor).  

(13) El iminate  excess ive  smoke upon launch by s u b s t i t u t i o n  
of  a l e s s  amount of steam which d i s s i p a t e s  more r a p i d l y  (improved motor).  

(14) Higher o v e r a l l  system r e l i a b i l i t y .  

5.  I nc lo su re  #2 shows i n  c h a r t  form t h e  c o r r e c t i o n  program 
o u t l i n e d  i n  Paragraphs 2 .  and 3 .  above toge the r  w i t h  corresponding t i m -  
i ng  and c o s t s  of an improvement program a s  o u t l i n e d  i n  paragraph 4. 
H e r e a f t e r  fo l lows  p e r t i n e n t  remarks r e l a t i v e  t o  funding an improvement 
e f f o r t .  

a .  The use of $15,441,000 of t he  $17,441,000 ( see  Paragraph 3) 
on a second gene ra t i on  LACROSSE, r e se rv ing  $2,000,000 f o r  minimum c lean-  
up of t h e  e x i s t i n g  system, would fund 52% of t he  e f f o r t  requi red  t o  
b r ing  t h e  improved system t o  a f l i g h t  t e s t  s t a g e  and p o i n t  of pos s ib l e  
r e l e a s e  t o  i n d u s t r i a l  procurement. An a d d i t i o n a l  $13,800,000 could be 
r e a l i z e d  i n  FY 60 by an app rop r i a t e  r educ t ion  of Army Mate r i e l  Ob jec t ives .  
The t o t a l  of $29,241,000 t h a t  could be r e a l i z e d  by the  d i v e r s i o n  of 
$15,441,000 and $13,800,000 from t h e  p re sen t  system requirements  would 
p r a c t i c a l l y  fund t h e  e n t i r e  Phase I and 11 Programas  shown on Inc losu re  
2. Such an  approach would put t he  LACROSSE System i n  a more enhanced 
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p o s i t i o n  than  could  be accomplished by e x p e n d i t u r e  of t h e  same amount 
o f  money i n  a n  e q u i v a l e n t  pe r iod  of t ime on t h e  p r e s e n t  system. 

b.  S ince  t h e  funding f i g u r e s  shown on I n c l o s u r e  2  a r e  p re -  
l i m i n a r y  e s t i m a t e s ,  i t  i s  p o s s i b l e  t h a t  t h e  Phase  I11 would r e q u i r e  a n  
a d d i t i o n a l  $10,000,000; the reby ,  i n c r e a s i n g  t h e  p r i c e  d i f f e r e n t i a l  by 
t h e  same amount. 

c .  S ince  Phase I and I1 of t h e  improved LACROSSE Program a s  
shown on I n c l o s u r e  2  can be cons idered  a s  p roduc t  improvement w i t h  t h e  
p o s s i b l e  e x c e p t i o n  of t h e  motor and t e s t  equipment,  i t  i s  recommended 
t h a t  PEMA monies be u t i l i z e d .  

6 .  $ Based on t h e  fo rego ing  f a c t o r s  and a  complete a n a l y s i s  of 
t h e  c u r r e n t  LACROSSE s i t u a t i o n ,  t h i s  Cormnand recommends t h e  fo l lowing  
c o u r s e  of a c t i o n :  

a .  An immediate reclama be made t o  t h e  mid-1959 DA S t a f f  
d e c i s i o n  on a  second g e n e r a t i o n  LACROSSE System. The reclama should 
invo lve  a  r e q u e s t  f o r  c o n s i d e r a t i o n  of r e d u c t i o n  of t h e  FY 60 LACROSSE 
buy by 1 4  s e t s  o f  ground equipment,  3  s e t s  of g e n e r a l  s u p p o r t  t e s t  
equipment,  and 200 m i s s i l e s  t o  r e a l i z e  t h e  $13,800,000 mentioned i n  
Paragraph 5 . a .  above.  

b .  Tha t  upon r e c e i p t  o f  d e t a i l e d  p l a n s  f o r  t h e  second genera -  
t i o n  sys tem from t h i s  Command i n  t h e  f i r s t  week of May, 1960, a  f i n a l  
DA S t a f f  d e c i s i o n  w i t h  regard  t o  such a  sys tem be o b t a i n e d  by no l a t e r  
t h a n  20 May 19 60. 

7. T h i s  Command s t r o n g l y  recommends immediate d i v e r s i o n  of 
funds toward p rov i s ion . .  of a  second g e n e r a t i o n  LACROSSE System w i t h i n  
t h r e e  y e a r s  i n  l i e u  of mere improvement o f  t h e  e x i s t i n g  sys tem over  t h e  
same t ime span .  Mere improvement of t h e  e x i s t i n g  sys tem w i l l  n o t  r e n d e r  
LACROSSE more p a l a t a b l e  t o  u s e r s  o t h e r  t h a n  t h e  U .  S.  Army, and w i l l  
n o t  f o s t e r  nor  prolong t h e  u s e f u l  l i f e  of t h e  sys tem i n  t h e  f i e l d .  

2 I n c l  s / t  
*I. LACROSSE Wpn Sys 

E v a l u a t i o n  Report  (U) 
d t d  Apr 60, SECRET 

*2. Photo,  LACROSSE Presen t  
Sys v s  Improved Sys 
CO NF 

*Not reproduced.  
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DOCUMENT 21  
UNCLASSIFIED 

HEADQUARTERS 
DEPARTMENT OF THE ARMY 

O f f i c e  o f  t h e  Chief o f  Ordnance 
Washington 25, D .  C .  

00/6OS 3645 

ORDTX 

SUBJECT: LACROSSE Program (U) 

22 J u l y  1960 

TO : Commanding General  
U .  S. Army Ordnance M i s s i l e  Command 
Redstone A r s e n a l ,  Alabama 

REFERENCE: L e t t e r  from Commanding G e n e r a l ,  U .  S .  Army M i s s i l e  Command, 
Sub jec t :  "LACROSSE Weapons System," f i l e  ORDXR-FML, da ted  
27 A p r i l  1960. 

1. & Referenced l e t t e r  has  been c a r e f u l l y  reviewed by t h e  Chief 
o f  Ordnance. Th is  review has  r e s u l t e d  i n  a  d e c i s i o n  n o t  t o  reclama t o  
D/A S t a f f  t h e  improved guidance sys tem - (Coded Ka band) .  The primary 
r e a s o n s  a r e :  

a .  Time s c a l e  and c o s t s  invo lved  and t h i s  o f f i c e ' s  
a ssessment  of t h e  p r a c t i c a l i t y  of o b t a i n i n g  such fund ing .  

b. Such a c o u r s e  would r e q u i r e  d i s r u p t i o n  of t h e  t r o o p  
a c t i v a t i o n  p lan .  

c .  I n  view of t h e  l i m i t e d  f i r i n g  t e s t s  and t h e  f a c t  t h a t  
t h e  m u l t i p u r p o s e  t e s t  equipment upon which your p l a n  depends i s  n o t  
funded, i t  i s  a h i g h  r i s k  program. 

d .  The Army S t a f f  has  r e - a f f i r m e d  t h e i r  p o s i t i o n  r e l a t i v e  
t o  ECM l i m i t a t i o n s  ( s e e  paragraph 3 . c .  of I n c l o s u r e  1 ) .  

2 -  jsl It i s  r e q u e s t e d  t h a t  you c e a s e  a l l  work on t h e  "improved 
guidance '  LACROSSE (Ka  band) excep t  f o r  such  o t h e r  components a s  a r e  
r e q u i r e d  t o  improve t h e  e f f e c t i v e n e s s ,  r e l i a b i l i t y  o r  m a i n t a i n a b i l i t y  
o f  t h e  b a s i c  LACROSSE now i n  t h e  f i e l d .  

3 .  tkr The remarks con ta ined  i n  I n c l o s u r e  1 t o  r e f e r e n c e  l e t t e r  
r e l a t i v e  t o  50% down t ime  and p o s s i b i l i t y  of r e q u i r i n g  a d d i t i o n a l  
maintenance personne l  a r e  d i s t u r b i n g .  T h i s  i s  p a r t i c u l a r l y  t r u e  i n  view 
of  i n f o r m a l  i n f o r m a t i o n  from User p e r s o n n e l  t h a t  t h e  down-time e s t i m a t e  
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i s  conse rva t ive .  Also, i t  i s  noted t h a t  t h e  time s c a l e  t o  apply f i x e s  
t o  a l l e v i a t e  t h i s  s i t u a t i o n  i s  beyond the  t ime s c a l e  of t he  cu r r en t  
product ion buy. Information is  reques ted  a s  t o  your p l an  f o r  improve- 
ment of system r e l i a b i l i t y  and your proposed s t e p s  t o  o b t a i n  t he  maximum 
emphasis from Mart in  i n  applying necessary f i x e s  i n  t h e  event  t h a t  pro- 
duc t ion  i s  completed p r i o r  t o  f i n a l i z a t i o n  and r e t r o f i t  of t h e  necessary 
f i x e s  . 

4 .  I n  view of paragraph 2 and 3 above, Ordnance i s  cons ider -  
ing  recommending t o  t h e  D / A  S t a f f  t h a t  plans f o r  LACROSSE be held a t  
t h e  c u r r e n t  e i g h t  b a t t a l i o n  procurement commitment. Also,  t h a t  PADA 
LITTLEJOHN o r  M i s s i l e  A be considered f o r  any a d d i t i o n a l  t roop  r equ i r e -  
ments i n  t h i s  a r e a .  PADA LITTLEJOHN appears  t h e  most p r a c t i c a l  i f  e a r l y  
time frame requirement e x i s t s .  Your comments on t h i s  ma t t e r  would be 
app rec i a t ed .  

5 .  (U) The Inc losu re  1 t o  t h i s  l e t t e r  r eques t s  in format ion  which 
we a r e  unable  t o  e x t r a c t  from t h e  d a t a  incorpora ted  i n  re fe renced  l e t t e r .  
By s e p a r a t e  correspondence we a r e  ask ing  your Command t o  supply t h i s  
d a t a  and t o  up-date and i d e n t i f y  t h e  funding informat ion  contained 
t h e r e i n .  Upon r e c e i p t  of t h i s  answer we w i l l  fo rmal ize  our  r eques t s  t o  
D / A  S t a f f  f o r  funds.  I n  t h e  meantime we a r e  forwarding gene ra l  informa- 
t i o n  on b a s i c  LACROSSE f i x e s  t o  D / A  S t a f f  f o r  t h e i r  planning purposes.  

1 I n c l  s / t  C. W. CLARK 
*Thermofax cy of  l t r  f m  Hq., B r igad ie r  Genera l ,  USA 

USCONARC, d t d  29 Feb 60 wi th  Ch ie f ,  Research and Development 
1st Ind t h e r e t o  fm C/R&D t o  OCO Div is ion  
d t d  27 June 60. (S) 

*Not reproduced. 
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HEADQUARTERS 
DEPARTMENT OF THE ARMY 

Off i ce  of the Chief of  Ordnance 
Washington 25, D .  C .  

I n  Reply Refer to :  7704 10 October 1960 

ORDGX 

Major General August Schomburg 
Commanding General 
U.S. Army Ordnance Miss i l e  Command 
Redstone Arsena l ,  Alabama 

Dear Augie: 

I wish t o  reemphasize my very  deep concern over t he  o p e r a b i l i t y  
of t h e  IACROSSE System. I am not  s a t i s f i e d  t h a t  s u f f i c i e n t  e f f o r t  i s  
being placed on LACROSSE t o  a s su re  t h a t  a r e l i a b l e  system w i l l  be 
de l ive red  t o  t he  f i e l d  . 

Last February when General Co lg l az i e r  and I appeared before  t he  
House Appropriat ions Committee, we heard t h e  LACROSSE System a l t e r n a t e l y  
r e f e r r e d  t o  a s  "a p i l e  of junk," "a h igh ly  ques t ionable  weapon," and 
I I  h a l f  a weapon.'' I wonder how c l o s e  t o  the  t r u t h  such s ta tements  would 
be today? Frankly, I had t o  admit t o  Congress t h a t  we had r e l i a b i l i t y  
d i f f i c u l t i e s .  I s t a t e d ,  however, t h a t  we had made cons iderable  progress  
toward improving the system's  performance. Was I j u s t i f i e d ,  r e a l l y ,  i n  
t h a t  s ta tement? It w i l l  soon be a year  s i n c e  my appearance before  the  
Appropriat ions Committee. When the  next  hea r ings  a r e  conducted, w i l l  
we be a b l e  t o  demonstrate any apprec i ab le  improvement i n  t h e  system? 
Progress must cont inue wi th  a s t rong  sense  of urgency. No r e l a x a t i o n  
of e f f o r t  w i l l  be t o l e r a t e d  simply because the  program is  i n  a buy-out 
p o s i t i o n .  O r  should we cance l  t he  program now? 

I n  t h i s  connect ion,  it  would be t o  our  i n t e r e s t  t o  prepare a 
d e t a i l e d  review showing the  problems conf ron t ing  us  a year  ago, t h e  
a c t i o n s  taken t o  r e so lve  them, and t h e  improvement which has been o r  
w i l l  be made, toge ther  wi th  remaining problems and what i s  being done 
o r  can be done t o  so lve  them. I need t h i s  so  t h a t  I can t ake  t h e  
o f f e n s i v e  and be ab le  t o  r e l a t e  t o  one and a l l  t he  s t r i d e s  we have 
taken t o  make LACROSSE a dependable,  workable system. Your review must 
cover a l l  f a c e t s  of the  system - R&D through f i e l d  ope ra t ions  and 
support  . 

My r e a l  concern i s  whether we a r e  producing the most r e l i a b l e  
system poss ib l e  w i t h i n  t h e  l i m i t a t i o n s  placed upon us .  I r e c e n t l y  
rece ived  your A S - 5 ' s  reques t ing  an a d d i t i o n a l  $7 m i l l i o n  f o r  t he  
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LACROSSE System. I presume t h a t  a s i d e  from t h e  a u t o p i l o t ,  t h e s e  funds  
w i l l  e n a b l e  you t o  c o r r e c t  a l l  known d e f i c i e n c i e s  i n  t h e  p r e s e n t  system. 
I f  t h i s  i s  n o t  t h e  c a s e ,  I w i l l  e x p e c t  you t o  g i v e  me t h e  d e t a i l s  of 
any f u r t h e r  requ i rements  i n  connec t ion  w i t h  t h e  review mentioned above.  
I want you t o  pursue t h e  review on t h e  p r e s e n t  sys tem,  not a second 
g e n e r a t i o n  system.  It seems t o  me t h a t  much of t h e  d i f f i c u l t y  we have 
now may be cured  by improved i n s p e c t i o n s  and q u a l i t y  c o n t r o l ,  and good 
manufac tu r ing  p r a c t i c e s .  

The q u e s t i o n  o f  a  second g e n e r a t i o n ,  o r  LACROSSE 11, is  s e p a r a t e '  
It must be c o n s i d e r e d  i n  t h e  l i g h t  o f  t h e  spectrum of  weapons now i n  
be ing ,  o r  s h o r t l y  t o  be f i e l d e d ,  which w i l l  accomplish  t h e  job  a s s i g n e d  
t o  LACROSSE, t h e  p robab le  d o l l a r s  t o  be a v a i l a b l e ,  and t h e  t ime  frame 
i n  which s u c h  a  second g e n e r a t i o n  LACROSSE cou ld  be f i e l d e d  and 
s u p p o r t e d .  I doubt  s e r i o u s l y  t h a t  we cou ld  j u s t i f y  going f o r  i t .  

I want t o  r e p e a t  t h a t  I a m  c e r t a i n  t h a t  LACROSSE is  going t o  be 
under f i r e  a g a i n  d u r i n g  t h i s  budget c y c l e .  It is  impor tan t  t h a t  we 
have a complete  and o b j e c t i v e  review from which,  o r  on  which t o  b u i l d  
o u r  c a s e *  I do n o t  want t o  have t o  weave a f a b r i c  of f a i r y  t a l e s  t o  
"ge t  i t  by". I want some r e a l l y  s o l i d  r e s u l t s  and a r e a l l y  s o l i d  and 
d e t a i l e d  rev iew.  I want you and your people  & t h e  M a r t i n  people  t o  
r e a d  t h e  p u b l i s h e d  Hear ings  b e f o r e  The House A p p r o p r i a t i o n s  Subcommittee 
t h a t  cover  t h i s  s u b j e c t .  It starts on page 118 of P a r t  5 ,  Procurement,  
and r u n s  th rough  page 125. While t h e  " o f f - t h e - r e c o r d "  p a r t  i s  o m i t t e d ,  
i t  was e q u a l l y  j u i c y .  

Get h o t !  

UNCLASSIFIED 

S i n c e r e l y  , 

s / t  J. H. HINRICHS 
L i e u t e n a n t  G e n e r a l ,  USA 
Chief  o f  Ordnance 
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HEADQUARTERS 
U .  S .  Army Ordnance M i s s i l e  Command 

Redstone Arsena 1, Alabama 

1 Nov 60 

L i e u t e n a n t  Genera l  J .  H. H i n r i c h s  
Chief  of  Ordnance 
Department o f  t h e  Army 
Washington 25,  D .  C .  

Dear J a c k :  

(U) R e f e r e n c e  i s  made t o  your  "get  h o t "  l e t t e r  of  10 October  1960 
i n  which you e x p r e s s  your  d e s i r e  f o r  a d e t a i l e d  rev iew of  t h e  LACROSSE 
M i s s i l e  System; such review t o  show t h e  problems c o n f r o n t i n g  u s  a y e a r  
a g o ,  t h e  improvements which have been made o r  w i l l  be  made t o  c o r r e c t  
them, and  a run-down of t h e  remain ing  problems a n d  what i s  b e i n g  done 
t o  s o l v e  them. 

(U) S i n c e  r e c e i p t  o f  your l e t t e r  t h e r e  have been s e v e r a l  s i g n i -  
f i c a n t  e v e n t s  r e g a r d i n g  t h e  LACROSSE Program which I f e e l  have over -  
t a k e n  t h e  requ i rements  of  your  let ter  and  which have p rov ided  you w i t h  
i n f o r m a t i o n  t o  g i v e  you t h e  major  s t a t u s  o f  t h e  LACROSSE Program. 

w 
A s  I p o i n t e d  o u t  i n  my d i s c u s s i o n  w i t h  you on 24 Oc tober ,  and 

a s  n o t e d  i n  t h e  copy of  my t a l k i n g  p a p e r s  which I l e f t  w i t h  you,  t h e  
seven  m i l l i o n  d o l l a r s  which w e  have r e q u e s t e d  a s  a d d i t i o n a l  funds  i n  
FY-61 and FY-62 w i l l  complete  t h e  e f f o r t  n e c e s s a r y  t o  e l i m i n a t e  t h e  133 
d e f i c i e n c i e s  of  t h e  LACROSSE System which a r e  p r e s e n t l y  d e f i n e d .  I 
would l i k e  t o  p o i n t  o u t  t h a t  t h e s e  funds  w i l l  - n o t  p e r m i t  t h e  i n c o r p o r a -  
t i o n  of t h e  new a u t o p i l o t  n o r  w i l l  t h e y  p r o v i d e  a n y  improvement i n  t h e  
a r e a  of  v u l n e r a b i l i t y  t o  f r i e n d l y  i n t e r f e r e n c e ,  i n c l u d i n g  i n t e r f e r e n c e  
between b a t t e r i e s  o r  enemy e l e c t r o n i c  coun te rmeasures .  With r e g a r d  t o  
t h e s e  a r e a s  I f e e l  t h a t  t h e  User  w i l l  j u s t  have t o  l i v e  w i t h  t h e  p r e s e n t  
s i t u a t i o n  f o r  t h e  p e r i o d  o f  t i m e  i n  which t h e  LACROSSE i s  i n t e n d e d  t o  
b e  u t i l i z e d  i n  t h e  f i e l d .  

(U) I f e e l  t h a t  e v e r y t h i n g  t h a t  can  be  done t o  g i v e  you a s t a t u s  
r ev iew h a s  been done.  Unless  you s i g n i f y  o t h e r w i s e ,  I c o n s i d e r  t h a t  
t h e  l a t e s t  LACROSSE e x e r c i s e s  have m e t  t h e  r e q u i r e m e n t s  of r e f e r e n c e d  
l e t t e r .  With r e s p e c t  t o  t h e  importance  o f  t h e  s u b j e c t ,  you may r e s t  
a s s u r e d  t h a t  f o r  some t i m e  I have c o n s i d e r e d  t h i s  one o f  our  "ho t"  
programs. 

S i n c e r e l y  , 

s / t  AUGUST SCHOMBURG 
Major Genera 1, USA 
Commanding 

C O P Y  ' .  
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HEADQUARTERS 
U S. Army Ordnance M i s s i l e  Command 

Reds tone Arsena 1, Alabama 

2 November 1960 
Lieutenant  General J s  H. Hinr ichs  
Chief of Ordnance 
Department of t h e  Army 
Washington 25, D -  C .  

Dear Jack:  

Reference is made t o  t h e  ve rba l  r eques t  of your s t a f f  on 31 October 
1960 t o  t h i s  Corumand t o  answer ques t ions  concerning s i x  poss ib l e  courses  
of a c t i o n  wi th  r e spec t  t o  t he  LACROSSE Program" It i s  my understanding 
t h a t  t he  answers t o  t h e s e  ques t ions  a r e  r equ i r ed  by your o f f i c e  and 
DCSLOG t o  support  a  DA S t a f f  recommendation on t h e  LACROSSE Program t o  
t h e  Sec re t a ry  of t h e  Army. 

On t h e  n igh t  of 31 October 1960, M r .  Bruce Smith from your o f f i c e  
handcar r ied  approximately 36 pages of handwri t ten  ques t ions  t o  personnel 
of t h i s  Command. We were advised  t h a t  t hese  ques t ions  were prepared by 
s e v e r a l  segments of DCSLOG. I n  review, i t  appea r s  they were apparent ly  
not  coordinated and were no t  given s e r i o u s  cons ide ra t ion  p r i o r  t o  t h e i r  
submi t t a l .  I n  a d d i t i o n ,  some of t hese  ques t ions  were poorly worded 
l eav ing  cons iderable  room f o r  i n t e r p r e t a t i o n .  Therefore ,  i n  answering 
some of t h e  ques t ions ,  we had t o  use c e r t a i n  assumptions,  We have been 
hampered by the  manner i n  which t h e  informat ion  reached us ,  bu t  have 
done t h e  b e s t  we can under t h e  time l i m i t s  and p r e v a i l i n g  circumstances.  

Inc losed  a r e  twenty copies  of a  brochure con ta in ing  the  s p e c i f i c  
ques t ions  which were asked us and t h e  a p p l i c a b l e  answers f o r  each course 
of a c t i o n .  1 ' d  l i k e  t o  po in t  out  t h a t  some of t hese  answers a r e  a  "best. 
guess" on t h e  p a r t  of t h i s  Command. Time d id  no t  permit a  thorough 
eva lua t ion  and review of a l l  t h e  r a m i f i c a t i o n s  and condi t ions  surrounding 
these  courses  of a c t i o n ,  e s p e c i a l l y  s i n c e  we were i n s t r u c t e d  t h a t  we 
were not  t o  consul t  d i s t r i c t s  o r  c o n t r a c t o r s .  

To t h e  b e s t  of our knowledge and a b i l i t y ,  under t hese  adverse  
cond i t i ons ,  t h e  f a c t s  presented i n  t h e  inc losed  brochures  a r e  v a l i d .  

S ince re ly  yours ,  

1 I n c l  
Brochure (20 cys)  
( Inc losu res  handcarr ied  
t o  OCO by M r .  On i f r io )  

I s /  August Schomburg 
AUGUST SCHOMBURG 
Major General ,  USA 
Commanding 



LACROSSE POSSIBLE COURSES 
OF ACTIONS AND EVALUATION (U) 

2 November 1960 
ARGMA 

INTRODUCTION 

SECTION A,  COURSE OF ACTION I 

Undertake The Improved Guidance Program 
A t  A Cost  Of A t  L e a s t  $66 M i l l i o n  I n  P E M A . . . . . L . . r . . . . . . . . .  

SECTION B, COURSE OF ACTION 11 

Terminate  The LACROSSE Program Immediate ly  
And I n a c t i v a t e  A l l  U n i t s  ................................... 

SECTION C ,  COURSE OF ACTION 111 

Keep C u r r e n t  E i g h t  (8) B a t t a l i o n s  Thru FY 
66 Reduced S t r e n g t h  I n  Personne l  But F u l l  
S t r e n g t h  I n  Equipment ...................................... 

SECTION D ,  COURSE OF ACTION I V  

B r i n g  Four (4) B a t t a l i o n s  To F u l l  S t r e n g t h  
And Ma i n t a  i n  Thru FY 66 ; Remaining Bat  t a  1 i o n s  
To Be I n a c t i v a t e d  Immediately . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SECTION E, COURSE OF ACTION V 
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- 
INTRODUCTION 

The purpose of t h i s  brochure i s  t o  answer ques t i ons  regard ing  the  
LACROSSE system and encompasses t h e  p o s s i b l e  fo l lowing  s i x  courses  of 
a c t i o n .  DCSLOG reques ted  t he  subsequent q u e s t i o n  f o r  a d d i t i o n a l  back- 
$round and guidance. References used i n  t h e  p r e p a r a t i o n  of t h i s  da ta  
a r e :  t e l e t y p e  from OCORD, Number 013, da t ed  Oct 31, 1960, t o  AOMC; and 
working papers  handcar r ied  by OCO r e p r e s e n t a t i v e  t o  I n d u s t r i a l  Operat ions,  
ARGMA, on 1 November 1960. 

(1) The f i r s t  course of a c t i o n  p e r t a i n s  t o  under tak ing  t h e  Improved 
Guidance Program a t  a  cos t  of a t  l e a s t  $ 6 6 , 1  m i l l i o n .  

(2) The second course of a c t i o n  is  t o  t e rmina t e  t h e  LACROSSE program 
immediately and i n a c t i v a t e  a l l  u n i t s .  

(3)  The t h i r d  cons ide ra t i on  is  t o  keep t h e  c u r r e n t  e i g h t  b a t t a l i o n s  
through FY 66 a t  reduced s t r e n g t h  i n  personnel  bu t  f u l l  s t r e n g t h  i n  
equipment. 

(4) The f o u r t h  course is  t o  b r i n g  f o u r  b a t t a l i o n s  t o  f u l l  s t r e n g t h  
and main ta in  through FY 66. Remaining b a t t a l i o n s  t o  be i n a c t i v a t e d  
immediately. 

( 5 )  Course f i v e  cons ide r s  te rmina t ion  wi th  FY 61 buy and c o r r e c t i o n  
of those  d e f i c i e n c i e s  c u r r e n t l y  planned t o  be co r r ec t ed .  

(6)  The s i x t h  course of a c t i o n  cons ide r s  t e rmina t ing  Mar t in  Company 
p e r t i c i p a t i o n  i n  the  LACROSSE program and c o n t r a c t i n g  elsewhere f o r  
c u r r e n t  requi rements ,  

SECTION A 
COURSE OF ACTION I 

Undertake the  "Improved Guidance" Program a t  a  c o s t  of a t  l e a s t  
$66 m i l l i o n  i n  PEMA. 

1. Eight  (8) f u l l  s t r e n g t h  b a t t a l i o n  through FY 66. 

2. Annual s e r v i c e  p r a c t i c e  consumption of 96 m i s s i l e s .  

3 .  Objec t ives  of 120 m i s s i l e s  per  b a t t a t i o n .  

QUESTION: 

1. W i l l  i t  be necessary  t o  s t o p  c u r r e n t  p roduct ion  t o  implement 
t h i s  course of a c t i o n ?  

ANSWER: Common m i s s i l e  i tems under procurement c u r r e n t l y  scheduled 
f o r  completion i n  September 1961, w i l l  be s t r e t c h e d  out  through February 
1963, t o  main ta in  manufacturing c a p a b i l i t y .  LACROSSE I m i s s i l e  c e n t e r  
s e c t i o n s  c u r r e n t l y  under procurement w i l l  be te rmina ted .  MOD I c e n t e r  
s e c t i o n s  w i l l  be produced from March 1962 through December 1963. 
LACROSSE I ground and t e s t  equipment ( l e s s  common i tems)  w i l l  be termi-  
na t ed .  MOD I ground and t e s t  equipment w i l l  be produced from A p r i l  1962 
through December 1963. 

2. I f  p roduct ion  i s  s topped,  what w i l l  be t h e  s l i p p a g e  i n  d e l i v e r i e s ?  



ANSWER: Even though a  complete s toppage  i n  p r o d u c t i o n  w i l l  n o t  
o c c u r ,  d e l i v e r y  of u s a b l e  t a c t i c a l  m i s s i l e s  w i l l  s t o p  December 1960, and 
w i l l  n o t  resume u n t i l  November 1961. A  l o s s  w i l l  r e s u l t  i n  a s s e t s  
p o s i t i o n  from a  t o t a l  of 762 m i s s i l e s  t o  a  t o t a l  of 458 m i s s i l e s ,  June  
1961; from a  t o t a l  of 988 m i s s i l e s  t o  a  t o t a l  of 441 m i s s i l e s  December 
1961. Equipment t o  Augment 8  LACROSSE I R/S b a t t a t i o n s  t o  8  F/S 
b a t t a l i o n s  would n o t  be d e l i v e r e d ,  and  4  s e t s  of LACROSSE I f o u r t h  
e c h e l o n  t e s t  equipment would n o t  be d e l i v e r e d .  

3 .  W i l l  i t  be necessa ry  t o  a l t e r  p r o d u c t i o n  s c h e d u l e s  under t h e  new 
program? I f  s o ,  How? 

ANSWER: I f  t h e  improved guidance program i s  implemented, a  change 
i n  p r o d u c t i o n  s c h e d u l e s  w i l l  be r e q u i r e d .  Missile p r o d u c t i o n  w i l l  be 
changed from a n t i c i p a t e d  d e l i v e r y  of complete m i s s i l e s  a t  t h e  r a t e  of 
approx imate ly  60 p e r  month January  1961 th rough  October  1961, t o  a  
d e l i v e r y  of m i s s i l e  a i r f r a m e s  a t  a  r a t e  of approx imate ly  20 p e r  month 
J a n u a r y  1961 through February 1963L I n  a d d i t i o n ,  a n  a u x i l i a r y  schedu le  
f o r  new beacons ,  t r a n s p o n d e r s ,  and a u t o p i l o t s  w i l l  be added i n  o r d e r  t o  
m a i n t a i n  developed s k i l l s  f o r  t h e s e  i t e m s ,  a s  w e l l  a s  p r o v i d e  a d d i t i o n a l  
complete m i s s i l e s  i n  t h e  even t  of a  n a t i o n a l  emergency. Schedules  f o r  
p r o d u c t i o n  of equipment f o r  augmentat ion of R/S b a t t a t i o n s  t o  form F/S 
b a t t a l i o n s  w i l l  be  d e l e t e d ,  excep t  f o r  t h e  p r o d u c t i o n  o f  l a u n c h e r s ,  P P U ' S ,  
and  t a r g e t  r a n g i n g  s e t s  which w i l l  remain a s  p r e s e n t l y  schedu led .  Pro- 
d u c t i o n  s c h e d u l e s  f o r  Type I V  test equipment w i l l  be d e l e t e d ,  e x c e p t  f o r  
one s e t  of f i f t h  eche lon  test equipment which w i l l  remain a s  now scheduled .  

4 .  How much w i l l  i t  c o s t  t o  suspend p r o d u c t i o n  u n t i l  a  new program 
i s  ready  t o  be implemented? 

ANSWER: To suspend t h e  program f o r  t h e  month of November, i t  i s  
e s t i m a t e d  t h a t  t h e  c o s t  would be $2,000,000.00; however, t h e r e  i s  no 
s u s p e n s i o n  a n t i c i p a t e d  under p r e s e n t  p l a n .  

5 .  What w i l l  be t h e  new l e a d  t imes  under  t h e  Improvement program? 

ANSWER: From r e c e i p t  of program a p p r o v a l  u n t i l  d e l i v e r y  of t a c t i c a l  
m i s s i l e s ,  l e a d  t i m e  w i l l  be 22 months; u n t i l  equipment i s  a v a i l a b l e  f o r  
convers ion  of t a c t i c a l  b a t t a l i o n s ,  27 months ; u n t i l  equipment i s  a v a i l a -  
b l e  f o r  convers ion  of maintenance suppor t  de tachments ,  29 months. 
T h e r e a f t e r ,  r e o r d e r  l e a d  t ime f o r  each i t e m  i s  15 months (12 p r o d u c t i o n  
and  3  a d m i n i s t r a t i v e ) .  

6 ,  F u r n i s h  p r o j e c t e d  142 r e p o r t  on e a c h  i t e m .  (Superseded: a g r e e -  
ment w i t h  OCO t o  f u r n i s h  u n i t  p r i c e  of m i s s i l e s ,  ground equipment,  and  
t e s t  equipment . )  

ANSWER: A.  M i s s i l e  program u n i t  c o s t  i n c l u d i n g  improved motor and  
r e p a i r  p a r t s :  $136,000 ( e s t i m a t e d ) .  

B.  Ground equipment u n i t  c o s t  i n c l u d i n g  r e p a i r  p a r t s  F/S 
b a t t a l i o n s :  $1,829,000 ( e s t i m a t e d ) .  

C .  Improved system Ordnance t e s t  equipment i n c l u d i n g  r e p a i r  
p a r t s ,  e x c l u d i n g  s a l v a g e  v a l u e  of vans ,  e t c . ,  a v e r a g e  b a t t a l i o n  s u p p o r t  
c o s t :  $2,287,000 ( e s t i m a t e d ) .  



7 .  I f  t h e  LACROSSE "Improved Guidance Program" is  implemented, what 
would be t h e  d o l l a r  impact on p r e s e n t  and  f u t u r e  buys? 

ANSWER: A. P a r t s  procurement 

PEMA M , A  ( M i l l i o n s  of D o l l a r s )  

B .  Overhaul 

m , A  ( M i l l i o n s  o f  D o l l a r s )  

C .  M o d i f i c a t i o n  

-,A ( M i l l i o n s  o f  D o l l a r s )  

D .  Techn ica l  R e p r e s e n t a t i v e s  

M , A  ( M i l l i o n s  of D o l l a r s )  

E. Manuals 

M , A  ( M i l l i o n s  o f  D o l l a r s )  

(NO Add-on C o s t s )  

8 .  Would t h e  "Improved Guidance Program" a f f e c t  t h e  p r e s e n t  suppor t  
p l a n  a s  t o  t h e  numbers of d i r e c t  s u p p o r t  and  g e n e r a l  s u p p o r t  u n i t s  
p r e s e n t l y  deployed? Are they c a p a b l e  o f  s u p p o r t i n g  w i t h i n  e x i s t i n g  
TO&E's? I f  n o t ,  what would they  r e q u i r e ?  

ANSWER: The p r e s e n t  LACROSSE sys tem h a s  (8) d i r e c t  s u p p o r t  de tach-  
ments and (2)  genera 1 s u p p o r t  detachments  . Under t h e  "Improved Guidance" 
concept  a  t o t a l  of 5  f i e l d  maintenance detachments  w i l l  f u l f i l l  t h e  
s u p p o r t  r o l e .  They w i l l  be a s s i g n e d  on a n  a r e a  b a s i s  w i t h  a  c o n t a c t  
team added f o r  each  a d d i t i o n a l  b a t t a l i o n  s u p p o r t e d .  The p r e s e n t  TO&E'S 

w i l l  n o t  s u f f i c e  and t h e  f o l l o w i n g  i s  t h e  recommended t a b l e  of o r g a n i -  
z a t i o n :  

C/T 
Detachment Commander 480 1 Cap t 1 
O p e r a t i o n  O f f i c e r  480 1 L t  1 
Maintenance O f f i c e r  48 15 WO 1 
Opera t ions  S g t  248.60 E8 1 
SR. E x t e r n a l  Guid,  Repm 248.60 E6 1 1 
E x t e r n a l  Guid,  Repm 248.10 E5 2  1 
~ s s ' t  Ext Repm 248.10 E4 1 



Sect  Chief I n t e r n a l  Repm 
I n t e r n a l  Guid Repm 
~ s s ' t  I n t e r n a l  Repm 
ORD Supply Spec 
ORD Supply Spec 
Wrecker Operator  
Pwr Gen Spec 
Clerk  Typis t  
E l e c t r o  Mech Repm 
E l e c t r o  Mech Repm 

Equipment l i s t  w i l l  be developed a t  a l a t e r  d a t e  i f  t h i s  
program i s  approved. 

9 .  Assuming the  MAC'S would have t o  be r ev i sed ,  what would be the 
e s t ima ted  c o s t  of t h i s  program? 

ANSWER: $57,600 O&M,A ( e s t i m a t e ) .  

10. What a r e  OGMS requirements i n  suppor t  of t h i s  program? 

ANSWER: 2 s e t s  of ground equipment 
2 s e t s  of Type I V  t e s t  equipment 
9 modi f ica t ion  k i t s  f o r  m i s s i l e s  
2 s e t s  of t r a i n i n g  spa re s  
Except f o r  t r a i n i n g  spa re s  a l l  a r e  i n  t h e  $66 mi l l i on  

program. 

11. Does MOD I r equ i r e  a d d i t i o n a l  t e s t  equipment? I f  so ,  what i s  
t he  d o l l a r  amount? I s  t h i s  included i n  t h e  $66 m i l l i o n  buy? 

ANSWER: Yes, t he  MOD I program w i l l  r e q u i r e  a d d i t i o n a l  t e s t  
equipment. The c o s t  of t h i s  equipment i s  $6.0 m i l l i o n  FY 61, $6.0 
m i l l i o n  FY 62, and $3.6 m i l l i o n  FY 63 and t h i s  c o s t  i s  included i n  t he  
$66 m i l l i o n  program. This  a d d i t i o n a l  t e s t  equipment r ep l aces  t he  
p re sen t  test equipment. 

12. I s  any of t he  $66 m i l l i o n  a p p l i c a b l e  t o  O&M,A? 

ANSWER: No. 

13. Dele ted .  

14. What w i l l  be the  c o s t  f o r :  

A .  Engineer ing the modi f ica t ion  and /o r  redes ign  of e x i s t i n g  
m i s s i l e s ?  

ANSWER: $4,750,000 ( e s t i m a t e ) .  

B .  Engineer ing the  modi f ica t ion  and /o r  redes ign  of e x i s t i n g  
ground hand l ing  equipment? 

ANSWER: $6,250,000 ( i nc lud ing  m i s s i l e  guidance c e n t r a l )  ( e s t ima te )  

C .  Engineer ing the  modi f ica t ion  and /o r  redes ign  of t r a i n i n g  
equipment? 



ANSWER: $200,000 ( e s t i m a t e )  . 
15.  What a r e  t h e  c o s t s  o f  deve lop ing  i n s p e c t i o n  p rocedures  ( q u a l i t y  

a s s u r a n c e ) ?  

ANSWER: $1,500,000 ( e s t i m a t e ) .  

16.  What added c o s t s  w i l l  be i n c u r r e d  f o r  m a t e r i e l  consumed, 
f a c i l i t i e s ,  and s e r v i c e s  u t i l i z e d  i n  proof  and  a c c e p t a n c e  t e s t i n g ?  

ANSWER: $690,000 ( e s t i m a t e )  t o t a l .  Of t h i s  $550,000 i s  f o r  
m a t e r i a l  and $140,000 i s  f o r  s e r v i c e s .  

17.  What i s  t h e  added c o s t  of in -house  e n g i n e e r i n g  t o  e s t a b l i s h  
requ i rements  t o  be performed by t h e  c o n t r a c t o r  and  t o  i n s u r e  a d e q u a t e  
c o n t r a c t o r  performance o f  e n g i n e e r i n g  s e r v i c e s ?  

ANSWER: None ( e n g i n e e r i n g  p e r s o n n e l  a r e  n o t  o r i e n t e d  by system) 

18.  What a r e  t h e  c o s t s  f o r  amending and  r e v i s i n g  s p e c i f i c a t i o n s ,  
drawings ,  and s t a n d a r d s  t o  up-date  t h e  procurement package? 

ANSWER: $4,300,000 ( e s t i m a t e )  ( i n c l u d e s  $1,500,000 c i t e d  i n  
q u e s t i o n  15 under t h i s  a c t i o n ) .  

NOTE: The funds c i t e d  i n  answers  t o  q u e s t i o n s  14 ,  15,  16,  17 & 18 - 
a r e  i n c l u d e d  i n  t h e  $66.1  m i l l i o n  improved guidance program. 

19. Would a d d i t i o n a l  f a c i l i t i e s  be r e q u i r e d ?  

ANSWER: No a d d i t i o n a l  f a c i l i t i e s  w i l l  be r e q u i r e d  f o r  t h e  MOD I 
program. 

20. I f  a d d i t i o n a l  f a c i l i t i e s  a r e  r e q u i r e d ,  what would be t h e i r  c o s t  
and  how would t h e y  be f inanced  under t h e  p r e s e n t  4200 budget?  

ANSWER: None r e q u i r e d .  

21. How long  would i t  t a k e  t o  a c q u i r e  a d d i t i o n a l  f a c i l i t i e s ,  i f  
needed? 

and  

ANSWER: None r e q u i r e d .  

22. What amount of PEMA 4231 would be r e q u i r e d ?  By f i s c a l  y e a r s ?  

ANSWER: None. 

23. T r a n s p o r t a t i o n  c o s t s  r e t u r n i n g  m i s s i l e s ,  warheads ,  guidance 
l aunch ing  equipment (b reakout  s e p a r a t e l y  and show t o t a  1s)  ? 

ANSWER: $40,000. 

24. S t o r a g e  ( o r d e r  o f  magnitude and  c o s t s ) ?  

ANSWER: N / A  

25. Should oversea  d e m i l i t a r i z a t i o n  be c o n s i d e r e d ?  (Give c o s t  - 
oversea  vs  . CONUS) . 

ANSWER: D e m i l i t a r i z a t i o n  of o b s o l e s c e n t  equipment shou ld  be 
accomplished o v e r s e a s .  Est imated c o s t  $150,000 f o r  d e m i l i t a r i z a t i o n  
Type I V ,  ground equipment and  m i s s i l e  components. 



26" Recommend a p p l i c a t i o n s  f o r  a l t e r n a t e  u t i l i z a t i o n  of p e c u l i a r  
equipment? 

ANSWER: N / A  

27. F i n a n c i a l  impl ica t ions  of r e p a i r  p a r t s  support  requi red?  

ANSWER: Same a s  7  A .  

SECTION B 
COURSE OF ACTION I1 

Terminate t h e  LACROSSE program immediately and i n a c t i v a t e  a l l  u n i t s  

1. Stop a l l  procurement immediately and recoup maximum funds 
es t imated  a t  $20 m i l l i o n  a f t e r  t e rmina t ion  c o s t ;  

QUESTION : 

1. How much money w i l l  be recouped by t h e  Army? By MAP? 

ANSWSR: An es t imated  20 m i l l l i n  . .o l la rs  by Army a f t e r  t e r m i n a t i ~ n  
c o s t .  Not a p p l i c a b l e  f o r  MAP s i n c e  no MAP funds have been ob l iga t ed .  

2. W i l l  t h e r e  be any s e r i o u s  impact on c i v i l i a n  communities a s  a  
r e s u l t  of t h e  te rmina t ion  of the  LACROSSE program? I f  so ,  where and 
how much? 

ANSWER: A. Orlando, F lo r ida :  The Mar t in  Company, prime con t r ac to r  
f o r  LACROSSE, i s  loca ted  i n  Orlando, F l o r i d a ,  and employs approximately 
8,100 people .  Of t h i s  number approximately 2,500 work on t h e  LACROSSE. 
A sudden unemployment of 2,500 people i n  a  c i t y  the  s i z e  of Orlando 
would d e f i n i t e l y  cause a  s e r ious  impact.  Local merchants,  banks and 
investment i n s t i t u t i o n s  would immediately f e e l  a  d e c l i n e  i n  bus iness .  
I n  a d d i t i o n ,  
revenue a t  a  

a n  impact of 

l o c a l  government and school6 would be pena l ized  i n  l o s s  of 
time when t h e i r  yea r ly  budget i s  a l r e a d y  i n  ope ra t i on .  

B .  Due t o  c o n t r a c t s  of  a  smal le r  na tu re  and subcon t r ac to r s ,  
a  l e s s e r  degree w i l l  r e s u l t  i n  t h e  fol lowing communities: 

S p r i n g f i e l d ,  Mo. - Trai l lnobi le ,  I n c .  - m i s s i l e  con ta ine r  
Nutley,  -N.  J. - ITT' Federa l  - a i r b o r n e  guidance 
Elmhurst,  N .  Y .  - K o l l s m n  I n s t .  Co. - a l t i t u d e  c o n t r o l  u n i t  
Santa Monica, Ca l i fo rn i a  - Summers Gyro - gyroscopes 
Bur l ing ton ,  Mass. - Assoc ia t e s ,  I n c ,  - magnetron tubes 
Marsha l l ,  Texas - Longhorn Ordnance Works - b o t o r  load ing  
Bur l ing ton ,  Iowa - Iowa Ordnance P l a n t  - warhead loading  

NOTE: The above i s  no t  a l l  i n c l u s i v e  but t akes  i n t o  con- - 
s i d e r a t i o n  t h e  major s u p p l i e r s  and suppor t i ng  Government i n s t a l l a t i o n s .  

3 .  W i l l  t h e  LACROSSE te rmina t ion  r e s u l t  i n  increased  PERSHING G&A 
c o s t :  I f  s o ,  how much by percent  and by d o l l a r s .  

ANSWER: Termination of LACROSSE w i l l  i nc rease  PERSHING overhead 
approximately 4 t o  5  m i l l i o n  d o l l a r s  Mar t in  does no t  breakout G&A c o s t .  

4. How much committed O&M,A money can be recouped? 



ANSWER: $l,35O,OOO ( e s t i m a t e )  

5 .  How much money s p e n t  can be saved i n  t e rms  o f  s a l v a g e  and  o t h e r  
r equ i rements?  

ANSWER: E s t i m a t e d  $2 .2  m i l l i o n .  T h i s  i s  i n  a d d i t i o n  t o  $20 m i l l i o n .  

6 .  What would be t h e  c o s t  t o  t e r m i n a t e  t h e  p r e s e n t  c o n t r a c t s ?  

ANSWER: $ 7 . 8  m i l l i o n  ( e s t i m a t e ) .  

7 .  D e l e t e d .  

8 .  What i s  t h e  t ime  e s t i m a t e d  t o  complete  a l l  t e r m i n a t i o n  a c t i o n s ?  

ANSWER: Army procurement r e g u l a t i o n s  p r o v i d e  12 months f o r  t e r m i -  
n a t i o n ,  and  t h a t  a d d i t i o n a l  t ime may be a l l o w e d  upon a p p r o v a l  by h i g h e r  
a u t h o r i t y .  It i s  e s t i m a t e d  t h a t  a p p r o x i m a t e l y  24 t o  36 months w i l l  be 
r e q u i r e d  t o  complete  a  11 t e r m i n a t i o n  a c t i o n s .  

9 .  What i s  t h e  e s t i m a t e d  v a l u e  of t h e  t e r m i n a t i o n  i n v e n t o r y ?  

ANSWER: Es t ima ted  $15 m i l l i o n .  

10.  D e l e t e d .  

11. What l i tems i n  t h e  t e r m i n a t i o n  have a p p l i c a t i o n  o r  can  be adap ted  
f o r  o t h e r  use? 

ANSWER: An e s t i m a t e d  $3 .2  m i l l i o n  f o r  t h e  sys tem hardware i s  g iven  
i n  l i e u  o f  t h e  i t e m  i d e n t i f i c a t i o n  due t o  t h e  numerous l i s t i n g s  i n v o l v e d .  

12.  What f a c i l i t i e s  would be  l a i d  away and what would be t h e  c o s t  
t h e r e o f ?  

ANSWER: $45,000 ( e s t i m a t e ) .  The $455,000 f o r  layaway i n  t h e  
c u r r e n t  5  y e a r  m a t e r i e l  p l a n  was based on a  f u t u r e  requ i rement  f o r  t h e  
LACROSSE sys tem.  Under t e r m i n a t i o n  o f  t h e  program, i t  i s  assumed t h a t  
a n y  f u t u r e  requ i rement  would be  d e l e t e d .  

13.  T r a n s p o r t a t i o n  c o s t s  r e t u r n i n g  m i s s i l e s ,  warheads ,  guidance and  
l a u n c h i n g  equipment (b reakou t  s e p a r a t e l y  a n d  show t o t a l s ) ?  

ANSWER: $557,000 ( e s t i m a t e ) .  

14 .  S t o r a g e  ( o r d e r  o f  magnitude a n d  c o s t s ) ?  

ANSWER: $64,300 ( e s t i m a t e ) .  

1 5 . . S h o u l d  oversea  d e m i l i t a r i z a t i o n  be c o n s i d e r e d ?  (Give c o s t  - 
o v e r s e a  v s ,  CONUS). (Cost  i n c l u d e d  i n  i t e m s  13  and  1 4 ) .  

ANSWER: N / A  

16.  Recommend 
equipment? 

ANSWER: N / A  

17.  F i n a n c i a  1 

ANSWER: N / A  

a p p l i c a t i o n s  f o r  a l t e r n a t e  u t i l i z a t i o n  of  p e c u l i a r  

i m p l i c a t i o n s  of  r e p a i r  p a r t s  s u p p o r t  r e q u i r e d ?  



SECTION C 
COURSE OF ACTION 111 

Keep c u r r e n t  8  b a t t a l i o n s  through FY 66 and reduce s t r e n g t h  i n  
personnel  but  f u l l  s t r e n g t h  i n  equipment. 

1. M i s s i l e  ob jec t ive  of approximately 100 per  b a t t a l i o n  

2.  Annual s e r v i c e  p r a c t i c e  consumption of 48 m i s s i l e s .  

3 .  Correc t  those d e f i c i e n c i e s  t h a t  a r e  c u r r e n t l y  planned t o  be 
co r r ec t ed .  

4 .  Terminate a l l  procurement not  necessary  t o  support above 
ob jec t ives .  

5 .  No a d d i t i o n a l  procurement of m i s s i l e s  i n  FY 61. 

QUESTION : 

1. How much w i l l  i t  cos t  t o  c o r r e c t  t he  d e f i c i e n c i e s  i n  sub- 
paragraph 3.C. and where do you propose t o  ge t  t he  funds? 

ANSWER: $7.2 m i l l i o n .  I f  funds cannot be made a v a i l a b l e  by OCO 
and hardware reduct ion  were a  n e c e s s i t y ,  then a l l  FY 61 hardware pro- 
curement, w i th  except ion of range s a f e t y  warheads and warhead con ta ine r s ,  
would be cance l l ed  An a d d i t i o n a l  20 m i s s i l e s  from the  FY 60 program 
would a l s o  have t o  be termindted.  With these  c a n c e l l a t i o n s  and the  
necessary a u t h o r i z a t i o n  t o  u t i l i z e  a v a i l a b l e  in-house r e p a i r  p a r t s .  
a u t h o r i t i e s ,  t he  $7.2 m i l l i o n  could be r e a l i z e d  f o r  c o r r e c t i o n  of 
d e f i c i e n c i e s .  Should t h i s  course of a c t i o n  be pursued, t he  bas i c  load 
of m i s s i l e s  f o r  each f u l l  s t r e n g t h  b a t t a l i o n  must be reduced t o  108 each.  

2. W i l l  t h e r e  be any cos t  i nc rease  f o r  t he  remaining procurement 
(CA-3D) i f  so  how much? W i l l  t h e r e  be any s l i ppage  i n  procurement? I f  
so ,  where and how much? 

ANSWER: This  answer i s  based on the  assumption t h a t  the ques t ion  
a p p l i e s  t o  1 . D .  of "Course of Act ion 111" and the  assumption t h a t  1 . E .  
of "Course of Action 111" means NO m i s s i l e s  w i l l  be procured i n  FY 61; 
consequent ly,  t h e r e  w i l l  be no increase  i n  c o s t  and no s l ippage  i n  
procurement. 

3. W i l l  t h e r e  be any s e r i o u s  impact on c i v i l i a n  communities a s  a  
r e s u l t  of t h e  te rmina t ion  of t h e  LACROSSE program? I f  so ,  where and 
how much? 

ANSWER: No te rmina t ion  under assumptions l i s t e d  i n  Question 2; 
t h e r e f o r e ,  no impact,  

4 .  What would be the  impact on Ordnance s p e c i f i c a l l y  i n  re ference  
t o  maintenance of t h i s  equipment i f  u s e r s  were a t  ha l f - s t r eng th?  

ANSWER: This  approach would enhance the  Ordnance p o s i t i o n  a s  f a r  
a s  maintenance i s  concerned. This would a l low f o r  t u r n  around major 
items t o  t h e  b a t t a l i o n  and would reduce the  ope ra t iona l  down time of the 
b a t t a l i o n .  I f  a  dec i s ion  t o  implement t h i s  approach i s  rendered, i t  i s  
recommended t h a t  b a t t a l i o n s  go t o  f u l l  s t r e n g t h  i n  personnel  and 



equipment i n  t h e  f i r i n g  s e c t i o n ,  and t h a t  t h e  gu idance-sec t ibn ' remain  a t  
reduced s t r e n g t h  i n  p e r s o n n e l  and 314 s t r e n g t h  i n  equipment.  Approxi- 
mate ly  8  guidance s t a t i o n s  cou ld  be d e l e t e d  from procurement by t h i s  
a c t i o n .  T h i s  would save  $ 2 . 8  m i l l i o n .  

5  I n  c o n n e c t i o n  w i t h  I t em 5 ,  what would be t h e  a d d i t i o n  c o s t ,  if 
a n y ,  due t o  a  slow down of p r o d u c t i o n  w h i l e  t h e  e n g i n e e r i n g  change o r d e r s  
t o  c o r r e c t  d e f i c i e n c i e s  a r e  b e i n g  i n c o r p o r a t e d  i n  t h e  c o n t r a c t ?  

ANSWER: There  i s  no a n t i c i p a t e d  s low down of  p r o d u c t i o n  whi le  t h e  
e n g i n e e r i n g  change o r d e r s  t o  c o r r e c t  d e f i c i e n c i e s  a r e  b e i n g  i n c o r p o r a t e d  
i n  t h e  c o n t r a c t .  

6 .  A .  What would be t h e  e s t i m a t e d  c o s t s  t o  t e r m i n a t e  based on t h e  
r e v i s e d  Army and  MPLP requ i rements?  

ANSWER: I n  o r d e r  t o  suppor t  t h e  c r i t e r i a  s t a t e d ,  t h e r e  would be 
no t e r m i n a t i o n  c o s t s .  I n s t e a d ,  i t  would be  n e c e s s a r y  t o  p rocure  i n  FY 
61: 56 m i s s i l e s  f o r  Army; 40 m i s s i l e s  f o r  MAP; 24 range  s a f e t y  warheads 
f o r  Army; 10 T34E2 HE warheads f o r  MAP; 1 F/S b a t t a l i o n  equipment s e t  
f o r  MAP; 1 s e t  Type I V  t e s t  equipment f o r  MAP. 

6 .  B .  What i s  t h e  e s t i m a t e  of d e o b l i g a t e d  funds  i n  t h e  e v e n t  o f  
p a r t i a l  t e r m i n a t i o n  checkout funds d e o b l i g a t e d  on a PRORATA b a s i s  of 
Army and  MAP requ i rements?  

ANSWER: I n  view of 6 .A. ,  n o t  a p p l i c a b l e .  

6 .  C .  What would be a  f a i r  d o l l a r  e s t i m a t e  of t h e  t e r m i n a t i o n  
i n v e n t o r y ?  (Breakout s e p a r a t e l y  any i t ems  which would have a  use  on 
o t h e r  sys tems) .  

ANSWER: I n  view of 6 .A. ,  n o t  a p p l i c a b l e .  

6 .  D .  D e l e t e d .  

7 .  What w i l l  be t h e  c o s t  f o r :  

A.  Eng ineer ing  t h e  m o d i f i c a t i o n  a n d / o r  r e d e s i g n  of e x i s t i n g  
m i s s i l e s ?  

ANSWER: $4,735,000 ( e s t i m a t e ) .  

B .  Eng ineer ing  t h e  m o d i f i c a t i o n  a n d / o r  r e d e s i g n  o f  e x i s t i n g  
ground hand l i n g  equipment? 

ANSWER: $8,713,000 ( i n c l u d e s  t e s t  equipment) ( e s t i m a t e ) .  

C .  Eng ineer ing  t h e  m o d i f i c a t i o n  a n d / o r  r e d e s i g n  of t r a i n i n g  
equipment? 

ANSWER: $200,000 ( e s t i m a t e ) ,  

The above funds i n c l u d e  t h o s e  n e c e s s a r y  t o  p r o v i d e  t h e  
e n g i n e e r i n g  t o  c o r r e c t  t h e  133 d e f i c i e n c i e s  o f  t h e  p r e s e n t  system and 
normal p r o d u c t i o n  e n g i n e e r i n g  through FY 66. 

8 .  What: a r e  t h e  c o s t s  of deve lop ing  i n s p e c t i o n  p rocedures  ( q u a l i t y  
a s s u r a n c e ) ?  



ANSWER: None, t h e s e  p rocedures  a r e  a l r e a d y  b e i n g  developed.  

9 .  What added c o s t s  w i l l  be i n c u r r e d  f o r  m a t e r i e l  consumed, 
f a c i l i t i e s  and  s e r v i c e s  u t i l i z e d  i n  proof  and a c c e p t a n c e  t e s t i n g ?  

ANSWER: None. 

10 .  What1 i s  t h e  added c o s t  of in-house  e n g i n e e r i n g  t o  e s t a b l i s h  
r e q u i r e m e n t s  t o  be  performed by t h e  c o n t r a c t o r  and  t o  i n s u r e  a d e q u a t e  
c o n t r a c t o r  performance of e n g i n e e r i n g  s e r v i c e s ?  

ANSWER: None. Eng ineer ing  p e r s o n n e l  a r e  n o t  o r i e n t e d  by sys tem;  
t h e r e f o r e ,  t h i s  c o u r s e  of a c t i o n  w i l l  n o t  r e s u l t  i n  a  change of such  
p e r s o n n e l .  

11. What a r e  t h e  c o s t s  f o r  amending and r e v i s i n g  s p e c i f i c a t i o n s ,  
d rawings ,  and  s t a n d a r d s  t o  up-da te  t h e  procurement  package? 

ANSWER: None t o  up-da te  p r e s e n t  procurement package.  Approximately 
$500,000 p e r  y e a r  t o  keep documentat ion c u r r e n t  and  up t o  d a t e .  C o s t s  
f o r  u p - d a t i n g  documentat ion a s  a  r e s u l t  c f  e n g i n e e r i n g  t o  c o r r e c t  133 
d e f i c i e n c i e s  i s  i n c l u d e d  i n  $7.2 m i l l i o n  c i t e d  i n  Q u e s t i o n  1 of t h i s  
c o u r s e  of a c t i o n .  

12 .  A .  Would a d d i t i o n a l  f a c i l i t i e s  be r e q u i r e d ?  

ANSWER: No. 

B .  What would be  t h e  c o s t ?  

ANSWER: N / A  

C .  What amount of PEMA 4231 funds  would be r e q u i r e d  by f i s c a l  
y e a r ?  ( P o s t  p r o d u c t i o n  e n g i n e e r i n g  f u n d s ) .  

ANSWER: 1 . 0  m i l l i o n ,  FY 62 ( e s t i m a t e )  
2 . 0  m i l l i o n ,  FY 63 ( e s t i m a t e )  
2 . 0  m i l l i o n ,  FY 64 ( e s t i m a t e )  
2 . 0  m i l l i o n ,  FY 65 ( e s t i m a t e )  
2 . 0  m i l l i o n ,  FY 66 ( e s t i m a t e )  

13.  Would layaway of any  f a c i l i t i e s  be n e c e s s a r y ?  What would be 
t h e  c o s t ?  

ANSWER: It i s  a n t i c i p a t e d  t h a t  a l l  f a c i l i t i e s  would be u t i l i z e d  
on o t h e r  m i s s i l e  programs, and t h a t  no layaway would be e f f e c t e d ,  
c o n s e q u e n t l y  no c o s t  of layaway i n c u r r e d .  

1 4 c  T r a n s p o r t a t i o n  c o s t s  r e t u r n i n g  m i s s i l e s ,  warheads ,  guidance and 
l a u n c h i n g  equipment (b reakou t  s e p a r a t e l y  and show t o t a l s ) ?  

ANSWER: N / A  

15 .  S t o r a g e  ( o r d e r  of magnitude and  c o s t s ) ?  

ANSWER: N / A  

16 .  Should oversea  d e m i l i t a r i z a t i o n  be c o n s i d e r e d ?  (Give c o s t  - 
oversea  v s .  COWS). 

ANSWER: N / A  



17. ~ e c o m e n d i d  a p p l i c a t i o n s  f o r  a l t e r n a t e  u t i l i z a t i o n  of p e c u l i a r  
equipment? 

ANSWER: N / A  

18. F i n a n c i a l  i m p l i c a t i o n s  of r e p a i r  p a r t s  s u p p o r t  r e q u i r e d ?  

ANSWER: N/A 

NOTE: (Quest ions  14 - 18) no a d d i t i o n a l  c o s t s  a r e  t o  be i n c u r r e d  
by implementat ion of t h i s  program. T h i s  i s  a  c u r r e n t  Army program. 

e 
SECTION D 

COURSE OF ACTION I V  

B r i n g  f o u r  (4) b a t t a l i o n s  t o  f u l l  s t r e n g t h  and m a i n t a i n  t h r u  FY 66;  
remaining b a t t a l i o n s  t o  be i n a c t i v a t e d  immediate ly .  

1. M i s s i l e  o b j e c t i v e  of 120 m i s s i l e s  p e r  b a t t a l i o n .  

2 .  Annual s e r v i c e  p r a c t i c e  consumption of 48 m i s s i l e s .  

3 .  C o r r e c t  t h o s e  d e f i c i e n c i e s  c u r r e n t l y  p lanned  t o  be c o r r e c t e d .  

4 .  Terminate  a l l  procurement n o t  n e c e s s a r y  t o  s u p p o r t  above 
o b j e c t i v e s .  

QUESTION : 

1. How much w i l l  i t  c o s t  t o  c o r r e c t  t h e  d e f i c i e n c i e s  l i s t e d  i n  
Course of Ac t ion  I V  C and where w i l l  you g e t  t h e  funds?  

ANSWER: Cost  $6,000,000 e s t i m a t e d .  

A t o t a l  of $4,015,000 w i l l  be r e a l i z e d  by c a n c e l l a t i o n  o f  
FY 6 1  m i s s i l e  buy, use  of $1,300,000 FY 60 r e p a i r  p a r t s ,  a u t h o r i t y  and 
t e r m i n a t i o n  6f 20 m i s s i l e s  from FY 60 buy. 

2 .  What w i l l  be t h e  t e r m i n a t i o n  c h a r g e s  and  how much money w i l l  t h e  
Army and  MAP r e g a i n  from t h e ' t e r m i n a t i o n ?  W i l l  t h e r e  b e  any s l i p p a g e  i n  
t h e  remaining p roduc t ion?  I f  s o ,  how much? 

NOTE: A c t i o n  on FY 6 1  Army procurement a n d  FY 60 MAP procure -  - 
ment h a s  been suspended by DCSLOG u n t i l  t h e  d e c i s i o n  i s  made on which 
c o u r s e  of a c t i o n  t o  adop t  

ANSWER: It i s  e s t i m a t e d  t h a t  t e r m i n a t i o n  c h a r g e s  w i l l  be $ 1 . 4  
m i l l i o n .  The Army w i l l  recoup a n  e s t i m a t e d  $6 .5  m i l l i o n  from t h e  
t e r m i n a t i o n .  MAP r e g a i n  i s  n o t  a p p l i c a b l e  s i n c e  i t  i s  n o t  under con- 
t r a c t .  There  w i l l  be no s l i p p a g e  i n  remain ing  p r o d u c t i o n .  

3 .  W i l l  t h e r e  be any a d v e r s e  e f f e c t s  on c i v i l i a n  communities from 
t h e  t e r m i n a t i o n  l i s t e d  i n  Course of A c t i o n  I V  D? I f  s o ,  how much and  
where? 

ANSWER : The termina t i o n  
and would r e s u l t  i n  a n  impact 
Course of A c t i o n  11, Quest ion 

under I V  D would be a  p a r t i a l  t e r m i n a t i o n  
l e s s  s e v e r e  t h a n  t h a t  r e p o r t e d  under 
2 .  Unable t o  measure t h e  s e v e r n e s s  of t h e  



impact a t  t h i s  t ime .  

4 '  W i l l  t h e r e  be any i n c r e a s e d  c o s t s  f o r  t h e  i tems t o  be procured? 
I f  s o ,  how much? 

ANSWER: The on ly  i t em t h a t  w i l l  be p rocured  under t h i s  concept  w i l l  
be range  s a f e t y  warheads.  S i n c e  t h i s  i t em i s  o n l y  a minute  p a r t i c l e  of 
t h e  t o t a l  p r o d u c t i o n  t o  be a t  Mar t in ,  Orlando,  a n  e s t i m a t e d  20% i n c r e a s e  
i n  c o s t  would o c c u r .  Th i s  amounts t o  approx imate ly  $275,000 c o s t  
i n c r e a s e  p e r  y e a r  f o r  range s a f e t y  warheads.  

5 .  What( s a v i n g s  w i l l  be r e a l i z e d  under, t h i s  p l a n  i n  t h e  f o l l o w i n g  
a r e a s  : 

A .  P a r t  procurement M , A ?  

ANSWER: FY 6 1  62 6  3  6  4  6  5  66 
6  2  ~ 2.2  2 . 2  2 .2  2 .2  

B. Overhaul? 

ANSWER: FY 6 1  6  2  63 6  4  6  5  66 
. 3  .54 .75  . 7 5  .75  .75  

C .  M o d i f i c a t i o n s  O&M,A? 

ANSWER: FY 61  6  2  6  3  64 6  5  6  6  
.22 .14  .11 .05  .05  . 0 5  

D .  T e c h n i c a l  r e p r e s e n t a t i v e s  O&M,A? 

ANSWER: FY 61  62 63 6  4  6  5  66 
.12 .12 .12 .12 .12 .12 

E. Maintenance eng ineer ing?  

ANSWER: No s a v i n g s  

6 .  I n  c o n n e c t i o n  w i t h  I t em C what would be t h e  a d d i t i o n a l  c o s t  i f  
any ,  due t o  a  s low down of p r o d u c t i o n  w h i l e  t h e  E C O ' . ~  t o  c o r r e c t  
d e f i c i e n c i e s  a r e  b e i n g  i n c o r p o r a t e d  i n  t h e  c o n t r a c t ?  

ANSWER: No a d d i t i o n a l  c o s t  i s  contemplated a s  r e s u l t  of p r o d u c t i o n  
s low down because  no p roduc t ion  slow down would o c c u r .  

7 .  A .  D e l e t e d .  

B. D e l e t e d ,  

C .  What would be f a i r  d o l l a r  e s t i m a t e  of t h e  t e r m i n a t i o n  
inven tory?  (Breakout  s e p a r a t e l y  and i t ems  which would have a  use  i n  
o t h e r  sys tems) .  

ANSWER: I t e m  4  a p p l i c a b l e  t o  t h i s  i s ,  t e r m i n a t e  a l l  procurement 
n o t  n e c e s s a r y  t o  suppor t  o b j e c t i v e s  of Course of Ac t ion  I V .  A f a i r  
d o l l a r  v a l u e  of t e r m i n a t i o n  i n v e n t o r y  i s  approx imate ly  $1,413,500.  

D .  D e l e t e d .  

8.  What w i l l  be t h e  c o s t  f o r :  

A .  E n g i n e e r i n g  t h e  m o d i f i c a t i o n  a n d / o r  r e d e s i g n  of e x i s t i n g  



m i s s i l e s ?  

ANSWER: $4,735,500 ( e s t i m a t e ) .  

B .  Engineer ing the  mod i f i ca t i on  a n d / o r  r edes ign  of ground 
equipment? 

ANSWER: $8,713,000 ( i nc ludes  t e s t  equipment) ( e s t i m a t e ) .  

C .  Engineering the  mod i f i ca t i on  and /o r  r edes ign  of t r a i n i n g  
equipment? 

ANSWER: $200,000 ( e s t i m a t e ) .  

The above funds inc lude  those  necessary  t o  provide t he  
engineer ing  t o  c o r r e c t  t he  133 d e f i c i e n c i e s  of t he  p re sen t  system and 
normal product ion  engineer ing  through FY 66. 

9 .  What a r e  t h e  c o s t s  of developing i n s p e c t i o n  procedures ( q u a l i t y  
assurance)?  

ANSWER: No a d d i t i o n a l  c o s t s .  These procedures  a r e  a l r e a d y  being 
developed. 

10. What added c o s t s  w i l l  be i ncu r r ed  f o r  m a t e r i e l  consumed, 
f a c i l i t i e s ,  and s e r v i c e s  u t i l i z e d  i n  proof and acceptance  t e s t i n g ?  

ANSWER: None. 

11. What i s  t h e  added c o s t  of in-house eng inee r ing  t o  e s t a b l i s h  
requirements  t o  be performed by the  c o n t r a c t o r  and t o  i n su re  adequate  
c o n t r a c t o r  performance of engineer ing  s e r v i c e s ?  

ANSWER: None. Engineer ing personnel  a r e  no t  o r i e n t e d  by system. 

12. What a r e  the  c o s t s  f o r  amending and r e v i s i n g  s p e c i f i c a t i o n s ,  
drawings and s tandards  t o  up-date t h e  procurement package? 

ANSWER: None t o  up-date p re sen t  package. Approximately $500,000 
pe r  y e a r  t o  keep documentation c u r r e n t  and up t o  d a t e .  

13. Would a d d i t i o n a l  f a c i l i t i e s  be requi red?  What would be t h e  cos t?  

ANSWER: No a d d i t i o n a l  f a c i l i t i e s  r equ i r ed .  

14. Would any layaway of f a c i l i t i e s  be requi red?  What would be the  
cos t ?  

ANSWER: No layaway r equ i r ed .  

15. T ranspo r t a t i on  c o s t s  r e t u r n i n g  m i s s i l e s ,  warheads, guidance and 
launching equipment (breakout s e p a r a t e l y  and show t o t a l s ) ?  

ANSWER: N / A  

16. S torage  (order  of magnitude and c o s t s ) ?  

ANSWER: N / A  

17. Should oversea d e m i l i t a r i z a t i o n  be considered? (Give c o s t  - 
oversea vs  . CONUS) . 

ANSWER: N / A  



18. Recommended a p p l i c a t i o n s  f o r  a l t e r n a t e  u t i l i z a t i o n  of p e c u l i a r  
equipment? 

ANSWER: N / A  

19.  F i n a n c i a  1 i m p l i c a t i o n s  of r e p a i r  p a r t s  s u p p o r t  r e q u i r e d ?  

ANSWER: N / A  

NOTE: I f  a n  e a r l y  d e c i s i o n  i s  p rov ided  t h e r e  w i l l  be no r e q u i r e -  
ment t o  s h i p  a d d i t i o n a l  Type I V  t o  USEUR. These equipments (3) DS and 
(1) GS which a r e  scheduled f o r  e a r l y  deployment can be d i v e r t e d  t o  
maintenance f l o a t ,  Ordnance Depots f o r  r e b u i l d ,  and any  n o n - t a c t i c a l  
a p p l i c a t i o n s  which may be r e q u i r e d .  

SECTION E 
COURSE OF ACTION V 

Terminate  w i t h  FY 61  buy and c o r r e c t  t h o s e  d e f i c i e n c i e s  c u r r e n t l y  
planned t o  be c o r r e c t e d .  

1. E s s e n t i a l l y  t h e  program we a r e  c u r r e n t l y  f o l l o w i n g .  

2 .  M i s s i l e  procurement may be c u t  back t o  make $7 m i l l i o n  a v a i l a -  
b l e  t h a t  i s  r e q u i r e d  f o r  c o r r e c t i o n  of d e f i c i e n c i e s .  

3 .  NO FY 62 procurement excep t  t r a i n i n g  warheads,  t h e r e f o r e ,  test 
equipment p r e v i o u s l y  scheduled f o r  FY 62 buy must be procured w i t h i n  
FY 6 1  funds .  

QUE ST1 ON : 

1. W i l l  i t  be n e c e s s a r y  t o  c u t  back m i s s i l e  p r o d u c t i o n  t o  g e t  t h e  
$7 m i l l i o n  r e q u i r e d  f o r  c o r r e c t i o n  of d e f i c i e n c i e s ?  I f  s o ,  how much of 
a  cutback? I f  any  m i s s i l e s  a r e  t o  be p rocured ,  what a r e  t h e  new 
e s t i m a t e d  c o s t s ?  

ANSWER: Yes, c a n c e l  a l l  hardware procurement i n  FY 6 1  w i t h  t h e  
e x c e p t i o n  of range s a f e t y  warheads and warhead c o n t a i n e r s .  An 
a d d i t i o n a l  20 m i s s i l e s  from t h e  FY 60 program would a l s o  have t o  be 
t e r m i n a t e d .  With t h e s e  c a n c e l l a t i o n s  and  t h e  n e c e s s a r y  a u t h o r i z a t i o n  
t o  u t i l i z e  a v a i l a b l e  in-house r e p a i r  p a r t s  a u t h o r i t i e s ,  t h e  7  m i l l i o n  
cou ld  be r e a l i z e d  f o r  c o r r e c t i o n  of d e f i c i e n c i e s .  Should t h i s  course  
of a c t i o n  be pursued ,  t h e  b a s i c  load  of m i s s i l e s  f o r  each  f u l l  s t r e n g t h  
b a t t a l i o n  must be reduced t o  108 each .  

2 .  What a r e  t h e  e s t i m a t e d  c o s t s  f o r  FY 6 1  and  any  ,subsequent  pro-  
curement f o r  Army o r  MAP, s e p a r a t e l y ?  

ANSWER: (Es t imates )  

ARMY 4120.2 $15,647,336 
4220.2 455,000 Layaway 
4230.1  1 ,000,000 Ground Equipment 

Engineer ing  
MAP 4020.2 5 ,086 ,728  



3 .  W i l l  t h e r e  be any adverse  e f f e c t  on c i v i l i a n  communities? I f  
s o ,  how much and where? 

ANSWER: I f  t e rmina t ion  i s  planned and n o t i c e  i s  given s i x  o r  e i g h t  
months i n  advance, then the re  should be no s e r i o u s  impact on c i v i l i a n  
communities. Cont rac tor  employees, community merchants,  banks, schools ,  
and l o c a l  government w i l l  have ample time t o  p l an  and a d j u s t  t o  a  
d e c l i n e  i n  t h e  economic growth of t h e i r  communities. 

4 .  W i l l  t h e r e  be any break i n  product ion  f o r  t h e  FY 61 Army buy and 
the  MAP 60 buy i f  a  dec i s ion  i s  made by 1 December 1960? I f  s o ,  how 
much w i l l  t h e  break c o s t  t h e  Army and MAP, s e p a r a t e l y ?  

ANSWER: There w i l l  be a  break i n  product ion  i n  t h a t  t he  FY 61 Army 
buy, o r i g i n a l l y  intended t o  be placed under c o n t r a c t  one month p r i o r  t o  
the  t a r g e t  d a t e  f o r  dec i s ion  o f  1 December 1960, w i l l  be delayed u n t i l  
r e c e i p t  of d e c i s i o n .  There w i l l  be no break i n  product ion  i n  MAP s i n c e  
t he  r e c e i p t  of MAP go-ahead was no t  a n t i c i p a t e d  u n t i l  a  d a t e  a f t e r  
1 December 1960. The es t imated  cos t  of break i n  product ion f o r  FY 61 
Army buy i s  $2. m i l l i o n  f o r  month of November 1960. 

5 .  How much w i l l  i t  c o s t  t o  te rmina te  t h e  FY 61 Army buy? The FY 
60 MAP buy? 

ANSWER: A .  No FY 61 Army funds have been c o n t r a c t u a l l y  o b l i g a t e d ;  
however, $500,000 has  been ob l iga t ed  f o r  ARGMA in-house suppor t .  There- 
f o r e ,  t h e r e  w i l l  be no c o n t r a c t u a l  t e rmina t ion  c o s t .  

B .  No FY 60 MAP funds have been o b l i g a t e d ;  t h e r e f o r e ,  t he re  
w i l l  be no te rmina t ion  c o s t .  

6.  Would t h i s  course of a c t i o n  have a n  impact on t h e  p re sen t  
program? 

ANSWER: No. 

7 .  What w i l l  be t h e  c o s t  f o r :  

A .  Engineer ing t h e  modi f ica t ion  a n d / o r  r edes ign  of e x i s t i n g  
m i s s i l e s ?  

B .  Engineer ing t h e  modi f ica t ion  a n d / o r  r edes ign  of ground 
hand1 ing  equipment? 

C. Engineering the  modi f ica t ion  a n d / o r  r edes ign  of t r a i n i n g  
equipment? 

ANSWER: (Question 7A). 

A.  $4,735,000 ( e s t ima te ) .  

ANSWER: (Question 7B). 

B .  $8,713,000 ( i nc ludes  t e s t  equipment) ( e s t ima te )  

ANSWER: (Ques t ion  7C). 

C .  $200,000 ( e s t ima te ) .  

The above funds inc lude  those  necessary  t o  provide t he  
engineer ing  t o  c o r r e c t  the  133 d e f i c i e n c i e s  of t h e  p re sen t  system and 



normal product ion engineer ing  through FY 66. 

8.  What a r e  t h e  c o s t s  of developing i n s p e c t i o n  procedures ( q u a l i t y  
assurance)?  

ANSWER: No a d d i t i o n a l  c o s t s .  These procedures  a r e  a l r e a d y  being 
developed. 

9 .  W h a t  added c o s t s  w i l l  be i ncu r r ed  f o r  m a t e r i e l  consumed, 
f a c i l i t i e s  and s e r v i c e s  u t i l i z e d  i n  proof and acceptance  t e s t i n g ?  

ANSWER: None. 

10. What i s  t h e  added c o s t  of in-house eng inee r ing  t o  e s t a b l i s h  
requirements  t o  be performed by the  c o n t r a c t o r  and t o  i n su re  adequate  
c o n t r a c t o r  performance of engineer ing  s e r v i c e s ?  

ANSWER: None. Engineer ing personnel  a r e  no t  o r i e n t e d  by system. 
Approximately $1,000,000 ARGMA in-house suppor t  would have t o  be absorbed 
by o t h e r  m i s s i l e  systems. 

11 Whatv a r e  t he  c o s t s  f o r  amending and r e v i s i n g  s p e c i f i c a t i o n s ,  
drawings,  and s tandards  t o  up-date t h e  procurement package? 

ANSWER: None t o  up-date p re sen t  package. Approximately $500,000 
per  yea r  t o  keep documentation c u r r e n t  and up- to-da te .  

12. What layaway would be r equ i r ed  i f  t e rmina t ion  wi th  t h e  FY 61 
buy occurs? 

ANSWER: It is  a n t i c i p a t e d  t h a t  a l l  f a c i l i t i e s  would be u t i l i z e d  
on o t h e r  m i s s i l e  programs, and that no layaway would be e f f e c t e d ,  con- 
sequent ly  no cos t  of layaway incur red .  $455,000 ( e s t i m a t e ) .  The 
$455,000 f o r  layaway i n  t h e  c u r r e n t  5 yea r  m a t e r i e l  p lan  was based on 
a f u t u r e  requirement f o r  t h e  LACROSSE system. Under te rmina t ion  of t he  
program, i t  i s  assumed t h a t  any f u t u r e  requirement  would be de l e t ed .  

13.  What a d d i t i o n a l  f a c i l i t i e s ,  i f  any,  would be requi red  t o  cakrec t  
d e f i c i e n c i e s  c u r r e n t l y  planned t o  be co r r ec t ed?  

ANSWER: No a d d i t i o n a l  f a c i l i t i e s  a r e  contemplated. 

14. What amount of PEMA 4231 funds would be r equ i r ed  by f i s c a l  
years?  (Post  product ion engineer ing  funds) . 

ANSWER: (Est imated) .  

1 .0  m i l l i o n ,  FY 62 
2 .0  m i l l i o n ,  FY 63 
2.0 m i l l i o n ,  FY 64 
2.0 m i l l i o n ,  FY 65 
2.0 m i l l i o n ,  FY 66 
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SECTION F 
COURSE OF ACTION VI 

Terminate Mart in  Company p a r t i c i p a t i o n  i n  t he  LACROSSE program and 
con t r ac t  e lsewhere f o r  cu r r en t  requirements  per  m i s s i l e  equipment and 
engineer ing  suppor t .  

1. Time, s l i ppages ,  c o s t s  i nc rease  f o r  t e rmina t ion  

2 .  The new Company would have t o  r e - t o o l  - g r e a t  c o s t  f o r  t r a i n i n g  
new personnel .  

QUESTION: 

1 How much w i l l  i t  co s t  t o  te rmina te  Mar t in  Company p a r t i c i - s t i o n '  
How much would the  Army recoupe Erom the  te rmina t ion?  MAP? 

ANSWER: It i s  es t imated  t h a t  t he  c o s t  t o  te rmina te  Mar t in  Company 
p a r t i c i p a t i o n  would be approximately 5.7 m i l l i o n  d o l l a r s .  The Army 
would recoupe a n  es t imated  $17.3 m i l l i o n .  No recoupe on MAP because 
no MAP t o  t e rmina t e .  

2 .  Do you cons ider  i t  f e a s i b l e  t o  use t he  p re sen t  Mar t in  Company 
s u b c o n t r a c ~ o r s  when the  c o n t r a c t  i s  placed elsewhere? I f  s o ,  w i l l  t h e r e  
be a  cos t  i nc rease  and how much? 

ANSWER: Yes. It i s  s t rong ly  recommended t h a t  any new prime con- 
t r a c t o r  u t i l i z e  LACROSSE e x i s t i n g  subcon t r ac to r s  i n  o rde r  t o  minimize 
problem a r e a s .  Due t o  increased  competi t ion among subcon t r ac to r s ,  no 
d i r e c t  c o s t  i nc rease  could be foreseen .  See "Course of Action 
( conFrac to r ) , "  Question 1, i n  t h i s  s e c t i o n ,  r e l a t i v e  t o  increased  
i n d i r e c t  c o s t s .  

3 .  How long would i t  take  t o  te rmina te  Mar t in  Company p a r t i c i p a t i o n  
and to prepare  f o r  product ion us ing  one of t h e  a r s e n a l s  a s  a  major prime? 

ANSWER: A s  s p e c i f i e d  i n  answer t o  Ques t ion  8,  Course of Act ion 1 1 ,  
approximately 24 t o  36 months would be r equ i r ed  t o  completely te rmina te  
t he  c u r r e n t  LACROSSE program. I n  accordance wi th  BOB B u l l e t i n  60-2, 
t h i s  is  considered a  new s t a r t  and would be i n  d i r e c t  c o n f l i c t  wi th  t h i s  
po l i cy ;  t h e r e f o r e ,  i t  i s  not  considered f e a s i b l e  t o  in t roduce  ano the r  
a r s e n a l  a s  a  major prime. 

4. How long would i t  take  t o  t r a n s f e r  p roduct ion  t o  another  
unspec i f i ed  c i v i l i a n  concern? 

ANSWER: Provid ing  the  t e rmina t ion  d i r e c t i v e  and a u t h o r i t y  t o  con- 
t r a c t  wi th  ano the r  commercial concern a r e  rece ived  concu r r en t ly ,  
approximately 30 months w i l l  l apse  p r i o r  t o  i n i t i a l  d e l i v e r y  from the  
new c o n t r a c t o r .  These 30 months a r e  r equ i r ed  f o r :  s e l e c t i o n  of 
c o n t r a c t o r ,  procurement and i n s t a l l a t i o n  of t o o l i n g ,  t r a i n i n g  of 
manufactur ing personnel ,  procurement of necessary  m a t e r i a l s  and equipment 
from subcon t r ac to r s ,  manufacturing and f i n a l  assembly. 

5. How much would i t  cos t  f o r  each of t he  above s i t u a t i o n s ?  

ANSWER: The answer t o  t h i s  ques t i on  i n  inc luded  i n  Numbers 6  & 7 
below. 



6 .  How much would i t  c o s t  u s i n g  t h e  a r s e n a l  a s  t h e  major prime? 

ANSWER: I n  accordance  w i t h  BOB B u l l e t i n  60-2,  t h i s  i s  c o n s i d e r e d  
a  new s t a r t  and would be i n  d i r e c t  c o n f l i c t  w i t h  t h i s  p o l i c y ;  t h e r e f o r e ,  
i t  i s  n o t  c o n s i d e r e d  f e a s i b l e  t o  i n t r o d u c e  a n o t h e r  a r s e n a l  a s  a  major 
pr ime.  

7 .  How much would i t  c o s t  u s i n g  a n o t h e r  c i v i l i a n  f i r m  a s  t h e  major 
p  r ime? 

ANSWER: To p r o c u r e  t h e  programmed FY 60 and  FY 61 q u a n t i t i e s  of 
m i s s i l e s  from a n o t h e r  commercial c o n t r a c t o r ,  an  e s t i m a t e d  t o t a l  of  $63 .8  
m i l l i o n  w i l l  be r e q u i r e d .  Th i s  i s  e x c l u s i v e  of t h e  AK program. Th i s  
does  n o t  i n c l u d e  funds  t o  c o r r e c t  133 d e f i c i e n c i e s .  

8 .  What would be t h e  s l i p p a g e  i n  p r o d u c t i o n  i n  e a c h  of  t h e  above 
cases?  

ANSWER: Due t o  t h e  30 months r e q u i r e d  p r i o r  t o  i n i t i a l  p r o d u c t i o n  
and t h e n  t h e  approx imate ly  6  months a t  a  r e l a t i v e l y  low p r o d u c t i o n  r a t e ,  
a p p r o x i m a t e l y  3  y e a r s  s l i p p a g e  i n  p r o d u c t i o n  w i l l  occur  i f  r e c o n t r a c t i n g  
w i t h  a  commercial  concern  i s  i n s t i g a t e d .  

9 .  What would be t h e  new l e a d  t imes  f o r  e a c h  of t h e  i t ems  i n  t h e  
above s i t u a t i o n s ?  

ANSWER: The i n i t i a l  l e a d  t ime f o r  a l l  i t e m s  w i t h  a  new c o n t r a c t o r  
w i l l  be a p 2 r o x i m a t e l y  30 months a s  f o l l o w s :  6  months f o r  s e l e c t i o n  of 
c o n t r a c t o r  and  c o n t r a c t i n g ,  24 months f o r  p r o d u c t i o n .  Reorder  l e a d  t ime 
f o r  e a c h  i t e m  w i l l  be  15 months a s  f o l l o w s :  3  months a d m i n i s t r a t i v e ,  
12 months p r o d u c t i o n .  

10.  W i l l  t h e  LACROSSE t e r m i n a t i o n  r e s u l t  i n  i n c r e a s e d  PERSHING G&A 
c o s t ?  I f  s o ,  how much by p e r c e n t  and by d o l l a r s ?  

ANSWER: Termina t ion  of LACROSSE w i l l  i n c r e a s e  PERSHING overhead 
a p p r o x i m a t e l y  4  t o  5  m i l l i o n  d o l l a r s .  M a r t i n  does  n o t  b reakou t  G&A c o s t  

11. W i l l  t h e r e  be  any  s e r i o u s  impact on c i v i l i a n  communities a s  t h e  
r e s u l t  of  t e r m i n a t i o n  of M a r t i n  Company p a r t i c i p a t i o n ?  I f  s o ,  where and 
how much? 

ANSWER: A .  The M a r t i n  Company, prime c o n t r a c t o r  f o r  LACROSSE i s  
l o c a t e d  i n  Orlando,  F l o r i d a ,  and employs a p p r o x i m a t e l y  8 ,100  p e o p l e .  Of 
t h i s  number, approx imate ly  2,500 work on t h e  LACROSSE. A sudden 
unemployment of 2,500 people  i n  a  c i t y  t h e  s i z e  o f  Orlando would 
d e f i n i t e l y  c a u s e  a  s e r i o u s  impac t .  Loca l  m e r c h a n t s ,  banks and  inves tment  
i n s t i t u t i o n s  would immediately f e e l  a  d e c l i n e  i n  b u s i n e s s .  I n  a d d i t i o n ,  
l o c a l  government and s c h o o l s  would be p e n a l i z e d  i n  l o s s  of revenue a t  a  
t ime when t h e i r  y e a r l y  budget i s  a l r e a d y  i n  o p e r a t i o n .  

B. Due t o  c o n t r a c t s  of a  s m a l l e r  n a t u r e  and s u b c o n t r a c t o r s ,  
a n  impac.t of  a  l e s s e r  degree  w i l l  r e s u l t  i n  t h e  f o l l o w i n g  communities:  

Nut l e y ,  N .  J .  - ITT F e d e r a l  - A i r b o r n e  Guidance 
E lmhurs t ,  N .  Y .  - Kollsman I n s t .  Co. - A l t i t u d e  C o n t r o l  U n i t  
San ta  Monica, C a l i f .  - Summers Gyro - Gyroscopes 
B u r l i n g t o n ,  Mass. - A s s o c i a t e s ,  I n c .  - Magnetron Tubes 



12. Whati a r e  t h e  answers  t o  t h e  f i r s t  11 q u e s t i o n s  assuming t h a t  
Course  of A c t i o n  5  i s  adop ted  i n s t e a d  of  Coursec of  Ac t ion  l ?  

ANSWER: S i n c e  t h i s  i s  based upon t e r m i n a t i o n  a t  complet ion of  t h e  
FY 6 1  procurement program, o n l y  range s a f e t y  warheads would be invo lved .  
Fo l lowing  a n s w e r s  r e l a t e  t o  s p e c i f i c  Q u e s t i o n s  1 th rough  11 under t h e  
Q u e s t i o n  12 c i rcumstances :  

( 1 )  No t e r m i n a t i o n  c o s t s  a s  such due t o  o r d e r l y  c l o s e o u t  o f  program. 

( 2 )  No m j o r  s u b c o n t r a c t o r s  p a r t i c i p a t e  i n  p r o d u c t i o n  of t h e  range 
s a f e t y  warhead.  Documentation w i l l  be a d e q u a t e  t o  s u p p o r t  c o m p e t i t i v e  
procurement of  FY 62 program q u a n t i t i e s .  Using t h i s  method of  p rocure -  
ment,  a n  e s t i m a t e d  10% r e d u c t i o n  i n  c o s t  shou ld  b e  r e a l i z e d .  

(3 )  M a r t i n  Company t e r m i n a t i o n  - n o t  a p p l i c a b l e ,  10 months would be 
r e q u i r e d  from r e c e i p t  of  program a u t h o r i t y  u n t i l  d e l i v e r y  of t h e  f i r s t  
i t e m  a s  f o l l o w s :  3 months a d m i n i s t r a t i v e ,  7 months p r o d u c t i o n .  

(4 )  Under good procurement p r a c t i c e s ,  a p p r o x i m t e l y  11 months.  

(5 )  T h i s  q u e s t i o n  i s  s o  answered by Numbers 6  and  7 below. 

( 6  & 7) It is  e s t i m a t e d  t h a t  by u s i n g  a n  a r s e n a l  o r  a n o t h e r  
commercial  c o n t r a c t o r  a s  t h e  pr ime,  t h e  r a n g e  s a f e t y  warhead shou ld  be 
a c q u i r e d  a t  a  10% r e d u c t i o n  i n  t h e  M a r t i n  Company c o s t s .  

(8) No s l i p p a g e  would o c c u r .  

(9 )  A s  e s t a b l i s h e d  i n  answers  t o  Q u e s t i o n s  3 and 4  above.  

(10)  Due t o  t h e  s m a l l  amount of  workload i n v o l v e d ,  t h i s  o r d e r l y  
phase  o u t  shou ld  n o t  a p p r e c i a b l y  a f f e c t  o t h e r  c o n t r a c t s  a t  M a r t i n  Company. 

(11)  Under t h i s  s i t u a t i o n ,  a n  o r d e r l y  c l o s e  o u t  would be e f f e c t e d ;  
t h e r e f o r e ,  no  s e r i o u s  impact would o c c u r .  

13 .  F u r n i s h  any a d d i t i o n a l  i n f o r m a t i o n  you c o n s i d e r  p e r t i n e n t  which 
i s  n o t  r e q u e s t e d  above? 

ANSWER: None. 

14. Are t h e r e  enough r e p a i r  p a r t s ,  m o d i f i c a t i o n  k i t s ,  e t c . ,  i n  t h e  
p i p e  l i n e  t o  t a k e  c a r e  o f  t h e  e x i s t i n g  sys tems  d u r i n g  t h e  downtime of  
s e l e c t i o n  and  p r o d u c t i o n  of a  new c o n t r a c t o r ?  

ANSWER: The c o n c u r r e n t  buy, p l u s  t h e  ve ry  s m a l l  amount o f  
r ep len i shment  procurement would be i n a d e q u a t e  t o  s u p p o r t  t h e  M a r t i n  
p e c u l i a r  i t e m s .  Vendor and  M a r t i n  s u b c o n t r a c t o r  i t e m s  cou ld  be 
r e p l e n i s h e d  from vendors and s u b c o n t r a c t o r s .  It would p robab ly  be 
n e c e s s a r y  t o  p u t  some of t h e  f a c t o r y  t o o l i n g  i n  d e p o t s  t o  f a b r i c a t e  
c r i t i c a  1 i t e m s  of  p e c u l i a r  equipment.  

15. D e l e t e d .  

16.  D e l e t e d .  

17 .  What i s  t h e  e s t i m a t e  o f  t h e  v a l u e  o f  t h e  t e r m i n a t i o n  inven to ry?  

ANSWER: An e s t i m a t e d  $14 .5  m i l l i o n  
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18. D e l e t e d .  

19.  D e l e t e d .  

COURSE OF ACTION (IN-HOUSE) 

1. What w i l l  be t h e  c o s t  f o r :  

A .  Eng ineer ing  t h e  m o d i f i c a t i o n  a n d / o r  r e d e s i g n  of e x i s t i n g  
m i s s i l e s ?  

B. Engineer ing  t h e  m o d i f i c a t i o n  a n d / o r  r e d e s i g n  of e x i s t i n g  
equipment? 

C .  Eng ineer ing  t h e  m o d i f i c a t i o n  a n d / o r  r e d e s i g n  of t r a i n i n g  
equipment? 

ANSWER: P r e s e n t l y ,  t h e r e  i s  no in-house c a p a b i l i t y  t o  perform 
complete e n g i n e e r i n g  s u p p o r t  f o r  t h i s  sys tem,  

2 <  What a r e  t h e  c o s t s  of deve lop ing  i n s p e c t i o n  p rocedures  ( q u a l i t y  
assurance9  ? 

ANSWER: Approximately $400,000 t o  checkout  new manufac tu r ing  
f a c i l i t y  i n s p e c t i o n  procedure  and a s s u r e  t h a t  a c c e p t a n c e  c r i t e r i a  o f  
manufac tu r ing  f a c i l i t y  i s  compat ible  w i t h  sys tem.  

3 .  What added c o s t s  w i l l  be i n c u r r e d  f o r  m a t e r i a l  consumed, 
f a c i l i t i e s ,  and  s e r v i c e s  u t i l i z e d  i n  proof  and  a c c e p t a n c e  t e s t i n g ?  

ANSWER: Due t o  i n c r e a s e  i n  q u a n t i t y  of proof  test  m i s s i l e  r e q u i r e d  
r e s u l t i n g  from new manufactur ing f a c i l i t y ,  $1,350,000 ( e s t i m a t e )  w i l l  be 
r e q u i r e d .  

4 *  What a r e  t h e  c o s t s  f o r  amending and  r e v i s i n g  s p e c i f i c a t i o n s ,  
drawings  and  s t a n d a r d s  t o  up-date  t h e  procurement package? 

ANSWER: For  documentation maintenance o n l y  (no e n g i n e e r i n g )  
approx imate ly  $1,000,000 f i r s t  y e a r  and  $750,000 p e r  y e a r  t h e r e a f t e r .  

5 .  Do we have c a p a b i l i t y  f o r  accompl i sh ing  d e s i g n  and  e n g i n e e r i n g  
in-house? I f  s o ,  what w i l l  be t h e  c o s t ?  

ANSWER: No. 

6 .  What a r e  t h e  p r o d u c t i o n  e n g i n e e r i n g  c o s t s  i f  in-house  p roduc t ion  
i s  contemplated? 

ANSWER: There a r e  no c o s t s  quoted because  p r o d u c t i o n  e n g i n e e r i n g  
cannot  be accomplished in-house.  

7.  What would be c o s t  of layaway, i f  a n y ,  f o r  M a r t i n  Company? 
S u b c o n t r a c t o r s ?  

ANSWER: No layaway contemplated f o r  M a r t i n  Company o r  s u b c o n t r a c t o r s  
s i n c e  i t  i s  a n t i c i p a t e d  t h a t  p r o d u c t i o n  equipment would be u t i l i z e d  
e l sewhere .  

8.  Course of Ac t ion  V I  a s  t o  t e r m i n a t i o n  and a c t i o n  under Wurnber 
I .  1 t h r u  3 .  



ANSWER: Po l i cy  s e t  f o r t h  i n  BOB B u l l e t i n  60-2 p r o h i b i t s  t h i s  
course of a c t i o n .  

9 .  Would a d d i t i o n a l  f a c i l i t i e s  be requi red?  What i s  t h e  es t imated  
cos t ?  

ANSWER: In-house c a p a b i l i t y  f o r  t h e  product ion  of  t h i s  system 
does no t  e x i s t ;  t h e r e f o r e ,  t h i s  ques t i on  i s  no t  a p p l i c a b l e .  

10. Would PEMA 4231 funds be requi red?  I f  s o ,  what amount? Time 
r equ i r ed  t o  complete t he se  a c t i o n s ?  (Pos t  p roduct ion  engineer ing  funds) .  

A.  Performance in-house by Ordnance? 

B. By another  p r i v a t e  con t r ac to r?  

ANSWER: A. None, a s  t he  c a p a b i l i t y  does no t  p r e s e n t l y  e x i s t .  

B. FY 62 1 .2  m i l l i o n  
FY 63 2 . 4 m i l l i o n  
FY 64 2.4 m i l l i o n  
FY 65 2.4 m i l l i o n  
FY 66 2.4 m i l l i o n  

SUB-COURSE OF ACTION - CONTRACTOR 

1. What w i l l  be t h e  cost  f o r :  

A. Engineer ing the  modi f ica t ion  and /o r  redes ign  of e x i s t i n g  
m i s s i l e s ?  

B.  Engineer ing the  modi f ica t ion  and /o r  redes ign  of e x i s t i n g  
ground hand l i n g  equipment? 

C .  Engineer ing the  modi f ica t ion  a n d / o r  redes ign  of t r a i n i n g  
equipment? 

ANSWER: FY 61 - $5,000,000 ( e s t i m a t e ) .  
FY 62 - $4,000,000 ( e s t i m a t e ) .  
FY 63 - FY 66 - $375,000 pe r  year  ( e s t i m a t e ) .  

These funds a r e  increased over what would be r equ i r ed  by Mart in  
Company due t o  t h e  f a c t  t h a t  any o t h e r  c o n t r a c t o r  would have t o  b u i l d  
up and main ta in  a  high order  of c a p a b i l i t y  and i n t e l l i g e n c e  which i s  
a l r eady  a v a i l a b l e  a t  Mart in .  I n  a d d i t i o n  t o  t h e s e  a d d i t i o n a l  funds 
r equ i r ed ,  t h i s  course of a c t i o n  would r e s u l t  i n  a  de lay  of approximately 
9- 12 months i n  t he  I n d u s t r i a  1 Engineer ing program. 

2. What a r e  t he  c o s t s  of developing i n s p e c t i o n  procedures  ( q u a l i t y  
assurance)?  

ANSWER: Approximately $400,000 t o  checkout new manufacturing 
f a c i l i t y  i n s p e c t i o n  procedure and a s s u r e  t h a t  acceptance  c r i t e r i a  of  
manufactur ing f a c i l i t y  i s  compatible w i th  system. 

3 .  What added c o s t s  w i l l  be i ncu r r ed  f o r  m a t e r i a l  consumed, 
f a c i l i t i e s  and s e r v i c e s  u t i l i z e d  i n  proof and acceptance  t e s t i n g ?  

ANSWER: $1,350,000 ( e s t i m a t e ) .  This  added c o s t  would be 



n e c e s s i t a t e d  by the  f a c t  t h a t  ex t ens ive  proof t e s t i n g  would be requi red  
i n  t h e  e a r l y  phase of any new manufac turer ' s  e f f o r t  g radua l ly  i nc reas ing  
i n  r a t e s  a s  more confidence was a t t a i n e d .  

4 .  What i s  t h e  added cos t  of in-house engineer ing  t o  e s t a b l i s h  
requirements  t o  be performed by the  c o n t r a c t o r  and t o  i n su re  adequate  
c o n t r a c t o r  performance of engineer ing  s e r v i c e s ?  

ANSWER: $250,000 (es t imate)  per  yea r .  Required f o r  a d d i t i o n a l  
personnel  t o  c l o s e l y  monitor and d i r e c t  c o n t r a c t o r  engineer ing  e f f o r t .  

5 .  What a r e  t h e  c o s t s  f o r  amending and r e v i s i n g  s p e c i f i c a t i o n s ,  
drawings,  and s t anda rds  t o  up-date  t he  procurement package? 

ANSWER: Approximately $1,600,000 f i r s t  yea r ;  $1,000,000 per  year  
t h e r e a f t e r .  This  c o s t  i s  es t imated  a s  t h a t  r equ i r ed  t o  t r a i n  con t r ac to r  
i n  Ordnance documentation requirements and procedures  and t o  provide t he  
same c a p a b i l i t y  which i s  now provided by Mar t in  Company with r e spec t  t o  
maintenance of documentation. This  would be reduced approximately 20% 
i f  t he  c o n t r a c t o r  had p r i o r  experience i n  documentation e f f o r t  f o r  ARGMA. 

6 .  Course of Action V I  a s  t o  t e rmina t ion  and under Number V .  ( 1  
t h r u  3)? 

ANSWER: The time and c o s t s  involved i n  pursuing t h i s  course of  
a c t i o n  would be p r o h i b i t i v e .  Therefore ,  information of t h i s  ques t i on  
i s  no t  submit ted.  

7 .  Would a d d i t i o n a l  f a c i l i t i e s  be requi red?  What i s  t he  es t imated  
cos t ?  

ANSWER: Amount of f a c i l i t i e s  cannot be determined u n t i l  con t r ac to r  
has  been s e l e c t e d .  However, a n  undeterminable amount of f a c i l i t i e s  a t  
Mart i n  Company may be t r a n s f e r r e d  t o  new c o n t r a c t o r .  

8 .  Would PEMA 4231 funds be requi red?  What i s  es t imated  cos t?  

ANSWER: (Estimated) (Post  product ion engineer ing  funds) .  FY 63 - 
2 c 4  m i l l i o n ;  FY 64 - 2.4 m i l l i o n ;  FY 65 - 2.4  m i l l i o n ;  FY 66 - 2.4 m i l l i o n  

9 "  Time r equ i r ed  t o  complete t he se  a c t i o n s :  

A .  By performance in-house by Ordnance? 

B .  By ano the r  p r i v a t e  con t r ac to r?  

ANSWER: A .  N / A  
B. FY 62 - 66 

10. Pe r  ve rba l  agreement w i th  ORDPX t h e  fo l lowing  i s  o f f e r ed  i n  
l i e u  of 142 Report .  

ANSWER: M i s s i l e  program u n i t  c o s t  i nc lud ing  improved motor, and 
r e p a i r  p a r t s ,  e t c . ,  i f  i t  were produced by new c o n t r a c t o r ;  $162,200 
( e s t i m a t e ) .  Ground equipment program u n i t  c o s t  i nc lud ing  r e p a i r  p a r t s ,  
e t c . ,  ( f u l l  s t r e n g t h  b a t t a l i o n s )  i f  they were produced by new c o n t r a c t o r ;  
$2,194,800 ( e s t i m a t e ) ,  Test  equipment program u n i t  cos t  of s e t  of Type 
I V  ( p r e sen t  concept) i f  i t  were produced by new c o n t r a c t o r ;  $1,300,000 
( e s t i m a t e ) .  
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S E C R E T DA988100 from ORDAA ONOFRIO 

1. (S) References: 

a .  DA987486 d t d  20 Dec 60 ( I n f o  cy t o  AOMC & ARGMA) covering 
d e c i s i o n  t o  remain a t  reduced s t r e n g t h  LACROSSE bns.  

b .  ORDXR-IL 1028 d t d  21 Dec 60 r eques t i ng  d e c i s i o n  on procure-  
ment of LACROSSE M i s s i l e s .  

c .  ORDXM-IF 12-2-60 d t d  28 Dec 60 r eques t i ng  d e f i n i t i v e  
guidance on LACROSSE program. 

d .  ORDIZ-AR 12-255 s t a t i n g  planned FY-61 LACROSSE m s l  procure-  
ment has  been cance l l ed .  

2. (S) The t r a n s l a t i o n  of t h e  DA S t a f f  d e c i s i o n  (Ref l a )  i n  terms 
of u n i t s ,  equipment, and inventory o b j e c t i v e s  (10) fol low: 

a .  8 reduced s t r e n g t h  bns (EUR-3 ,  PAC-1, CONUS-4) 

4 s e t s  maintenance f l o a t  equipment. 

1 a d d i t i o n a l  m i s s i l e  guidance c o n t r o l  per Bn. 

1 a d d i t i o n a l  launcher per  Bn. 

b.  Mis s i l e  inv o b j  95 per Bn by end FY-62. 

M i s s i l e  l o s s  f a c t o r s  a r e :  

FY 61 - 68 

FY 62 - 58 (10 of t h i s  q ty  t o  be he ld  i n  depot  f o r  f u t u r e  
a l l o c . )  C O P Y  
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FY. 63 thru FY- 66 - 48 per year. 

c. XM-84 inv obj for FY 6 2  thru FY 6 4  is reduced to 372. 
(The feasibility of this reduction should be checked with CGOSWAC). 

d. T 3 4  Whd inv obj should be adjusted based on XM84, 1.0, 
plus 28. 

e. Practice whd reqmnts should be computed on basis of ASP 
firings for reduced strength Bns. 

f. Type IV test equip. required to support reduced force 
structure. 

g. 4 range safety systems (incl Type IV Test Equip.) 

h. 11 missile traj simulators. 

i. Assume no MAP procurements. 

j. Complete planned modifications on remaining assets. 
NOTE: Coordination should be effected with MISMA on specific major 

end item requirements. 

3 . (C) Request UR Command : 

a. Take immediate termination action to meet stated objectives 
in a manner most economical to the government. 

b. With a view toward a buy-out of required hardwar'e in FY 61, 
determine items for which additional procurement is required. 

c. Furnish this office by 12 Jan 61: 

1. Your termination plans including quantities and amount 
of recoverable PEMA funds. Also furnish changes to AMCP reflecting 
quantities and dollars to most economically and efficiently complete 
program. 

2. FY 61 O&M,A funds to be recovered and your plans for 
re-obligation. In addition, your estimated savings to be generated in 
the FY 6 2  O&M,A program 

C O P Y  
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DOCUMENT 26 

LIST OF LACROSSE CONTRACTS 

Compiled by: Mary T .  Cagle 

NOTE : The con t rac t  informat ion assembled i n  t h i s  
document i s  not  considered f i n a l  o r  complete. 
Since time d i d  not  permit a complete search  of a l l  
con t r ac t  f i l e s ,  it was necessary t o  l i m i t  t he  in-  
formation t o  immediately a v a i l a b l e  sources ind ica t ed .  



DOCUMENT 26 

b/ 
C PART I - NAVY CONTRACTS WIT11 APL/JHU & CAL- 

t Contract Number EYE Date Item or Objective Contract Value - 
C 

- - 1947-50 LACROSSE Feasibility Studies: APL/JHu - FY 48: $ 60,000 

CAL - FY 49: 100.000 
CAL - FY 50: 250,000 

---- TOTAL: $ 4lO,OOO 

PART I1 - ARMY CONTRACTS WITH CORNELL AERONAUTICAL LABORATORY, INC. 1 .  + '  
DA-30-115-ORD-11 CPFF Jun 50 Research & Development, LACROSSE b /  IT* . . . . . . . . . . . . .  74,415- 
DA-30-115-ORD-47 CPFF Feb 51 Research & Development, LACROSSE... ........... 20,278,082 
DA-30-115-ORD-908 CPFF Nov 57 Research & Development, LACROSSE..q........... 6,231,518 

TOTAL: $ 26,584,015 

PART I11 - ARMY CONTRACTS WITH THE MARTIN COMPANY 
26,888,372 - DA-36-034-ORD-1892 CPFF Apr 55 Research,Development ,&Test ing  .............. 

DA-36-034-ORD-2000 CPFF May 55 LACROSSE I Engineering Study .................. 7,078,100 
DA-36-034-ORD-2013 CPFF Jun 55 Production of Missile & Ground Equipment 42,582,159 IE ...... 
DA-36-034-ORD-2216 CPFF Jan 56 Training Aids ................................. 135,900 
DA-36-034-ORD-2244 FP Mar 56 Instructor Services. .......................... 143,900 
DA-36-034-ORD-2524 CPFF Jun 57 Production of Missile & Ground Equipment . . . . . .  8,889,783b, 
DA-36-034-ORD-2441 COST Jun 57 Facilities (Capital Equipment Only). . . . . . . . .a.  1,218,467- 
DA-01-009-ORD-578 CPFF Oct 57 Engineering Services & Documentation... . . . - . . .  21,601,879 
DA-01-009-ORD-593 CPFF Dec 57 Instructor Services... ........................ 28,600 
DA-01-009-ORD-583 CPFF Dec 57 Concurrent Repair Parts . . . . . . , . . . . . . . . . . . . . . .a 10,101,985 
DA-01-009-ORD-625 CPFF Mar 58 Instructor Assistance 15,800 ......................... 
DA-01-009-ORD-614 CPFF Mar 58 Production of Nissile & Ground Equipment ...... 23,653,686 
DA-01-009-ORD-626 CPFF Mar 58 LACROSSE Support/Contractor Maintenance ....... 3,256,034 
DA-01-009-ORD-668 FP Jun 58 Training LACROSSE MOD I System 489,900 ................ 
a/ Unless otherwise indicated, contract data taken from List of Active & Closed Out Contracts, - 

published by Industrial Directorate, 1 July 1962. 
b/ Data taken from Incl to ARGMA Letter, 15 Jul 60, subj "House Committee on Appropriations - LACROSSE." - 



PART I11 (Cont) 

Contract Number 

DA-01-009-ORD-729 
DA-01-009-ORD-841 
DA-01-021-ORD-5965 
DA-01-009-ORD-774 
DA-01-009-ORD-770 
DA-01-009-ORD-789 
DA-01-009-ORD-811 
DA-01-009-ORD-807 
DA-01-009-ORD-904 
DA-01-009-ORD-919 
DA-01-009-ORD-920 

I DA-01-009-ORD-922 
DA-01-009-ORD-927 
DA-01-009-ORD-957 

h) DA-01-009-ORD-985 
A DA-01-009-ORD-986 

DA-01-009-ORD-1004 
DA-01-009-ORD-1020 
DA-01-009-ORD-1021 

Contract Number 

b/ See note above. - 

Type - Date Item or Objective 
CPFF 
CPFF 
FP 
OPEN 
OPEN 
FP 
CPFF 
CPFF 
FP 
OPEN 
OPEN 
FFP 
CPFF 
CPFF 
OPEN 
OPEN 
F P 
CPFF 
CPFF 

Feb 59 LACROSSE Missiles and Related Items..... .... 
Feb 59 Msls, Ground Equip, Type IV Test Equip ...... 
Jun 59 Instructor Assistance............... ........ 
Jul 59 LACROSSE FY 60 Blue Streak................ .. 
Jul 59 LACROSSE FY 60 Replenishment Parts....... ... 
Aug 59 Technical Representative Services. .......... 
Sep 59 FY 60 LACROSSE R & D . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nov 59 Recondition LACROSSE Items...... ............ 
Jun 60 Launcher, XM398El..... ...................... 
Jun 60 Replenishment Spare Parts................... 
Jun 60 LACROSSE FY 61 Blue Streak............ ...... 
Sep 60 Technical Representative Services..... ...... 
Sep 60 Repair Parts and/or MO... ................... 
Mar 61 FY 61 LACROSSE Engineering Services. ........ 
Jun 61 LACROSSE FY 62 Blue Streak.......... ........ 
Jun 61 LACROSSE FY 62 Repair Parts........ ......... 
Nov 61 Technical Representative Services.. ......... 
Jan 62 Repair Parts..................... ........... 
Jan 62 Modification Kits.......... ................. 

TOTAL MARTIN CO. CONTRACTS : 

PART IV - OTHER LACROSSE CONTRACTS 
Type Date Name of Contractor 

CPFF Sep 56 
FFP Oct 58 
CPFF Jun 58 
CPFF Jun 60 
FP Jun 59 
FFP Jun 60 
FPRE Jun 60 
FPRE Jun 60 

Thiokol Chemical Corp. 
Univ of Alabama 
General Electric Co. 
General Electric Co. 
Parrish Pressed Steel 
Parrish Pressed Steel 
Goodyear Acft Corp. 
Intercont. Mfg Co. 

Item or Objective 

R&D, LACROSSE Motor 
Translate Documents 
XM84 Adapt ion Kit 
XM84 Adaption Kit FY 60 
Igniters XM47E1 
Rkt Mtr Metal Pts w/Ign. 
Rkt Mtr Metal Pts w/Ign. 
Warhead T34E2 Metal Pts 

Contract Value 

$ 22,703,840 

Contract Value IE 



PART IV (Cont) 

Con t r ac t  Number Type Date  Name of  C o n t r a c t o r  I tem o r  Ob jec t i ve  Con t r ac t  Value 

DA-04-200-ORD-1079 FFP J u n 6 0  
DA-04-495-ORD-3105 CPFF J u n  60 
DA-20-018-ORD-22977 CPFF J u ~  60 
DA-20-018-ORD-22961 CPFF Unk 
DA-23-072-ORD-1603 FPRE A u ~  60 5 DA-20-018-ORD-23921 FFP Nov 6 1  
DA-91-021-ORD-12984 FFP May 62 
DA-36-034-ORD-2741 CPFF J u n  58 

@ DA-36-034-ORD-3330 FP/RDT J u n  60 

n DA-36-034-ORD-2753 FP J u n 5 8  
DA-36-034-ORD-2975 FP J u n 5 9  

f; DA-36-034-ORD-3320 FP J u n  60 
DA-36-037-ORD-3010 CPFF J u n  59 

to 
DA-11-022-ORD-2562 Unk Unk 
DA-28-017-ORD-3176 Unk Unk 

S i e r r a  E l e c t r o n i c  T r a n s i s t o r  T e s t o r s  $ 19,582 
S o l a r  A i r c r a f t  Co. P ro to type  Gas Turb ine  67,000 
Supe r io r  Coach Engineer ing  , Van 107,405 
S u p e r i o r  Coach Modify Van Body 24,456" 
T ra i lmob i l e ,  I nc .  M s l  Con t a ine r  XM374E2 751,576 
Maple Lane Die  S t ack ing  Pads 5,199 
Mink-Dayton, I nc  . Stack ing  Pads 13,740 
York Div Bendix Avia Corp Fuze T3025E3 b/ l q l15 ,096 -  
York Div Bendix Corp Fuze T3025E3 b/ 660,736- 
F r i e z  I n s t  Div, Bendix Baro Switches  684,962b1 
F r i e z  I n s t  Div, Bendix Baro Switches  b / 305,226- 
F r i e z  I n s t  Div, Bendix Baro Switches  b/ 214,666- 
Westinghouse E l ec  Corp Fuze T3025E3 3 , 5 0 6 , 6 0 2 ~ ~  
Magnavox Base Element Warhead 63,633- 
Appl ied Design Co. Warhead Con ta ine r s  388.155" 

TOTAL OTHER CONTRACTS: $ 21,297,198 

SUMMARY h/ See n o t e  above.  
P a r t  I - Navy C o n t r a c t s  w i t h  APL/JHu & CAI,. ....... $ 410,000 c/ Data provided byW.  B .  S t u a r t ,  

. . . . . . . . . . . . . . . . .  ! P a r t  I1 - Army C o n t r a c t s  w i t h  CAL 26,584,015 General  Support  Div,  Procurement 
P a r t  I11 - Army C o n t r a c t s  w i t h  Mar t i n  Company . . . . .  220,900,569 & Produc t i on  D i r e c t o r a t e ,  Army 
P a r t  I V  - Other  LACROSSE C o n t r a c t s  . . . . . . . . . . . . . . . .  21,297,198 M i s s i l e  Command. 

GRAND TOTAL: $ 269,191,782 

TYPE OF CONTRACT - ABBREVIATIONS 
COST . . . . *  Cost Con t r ac t  (ASPR 3-405.2) 
CPFF ..... Cost  P l u s  Fixed Fee (ASPR 3 -405.5) 
FFP. ..... Firm Fixed  P r i c e  (ASPR 3 -404.2) 
FP. ...... Fixed P r i c e  
FP/RDT ... Fixed  P r  i ce /Rede te rminab le  
FP RE . . . . .  R e t r o a c t i v e  P r i c e  Rede te rmina t ion  A f t e r  Completion (ASPR 3-404.7) 

. . .  OPEN.. Open End Con t r ac t  



CAL----- 
CG------ 

Chap---- 
cm------ 
co------ 
co. ----- 
COFORD- - 
Compl--- 
CON ARC - - 
Cont---- 
CONUS - - - 
Coord--- 
Corp---- 
CpE----- 

CPFF---- 
CPS----- 
CTV----- 
cw------ 
cy------ 

(U) GLOSSARY 

-A - 
Airborne Control 
Army B a l l i s t i c  Miss i le  Agency 
Ass is tant  Chief of S ta f f  f o r  Log i s t i c s  
Army F ie ld  Forces 
Adapt ion K i t  
Army Materiel  Command 
Army Ordnance Miss i le  Command 
Aberdeen Proving Ground 
Applied Physics Laboratory, Johns Hopkins Universi ty 
Army Rocket and Guided Miss i le  Agency 
A r t i l l e r y  
Ass is tant  Secretary of the  Army 
Assis tant  
Antitank 
A l l  Weather 

-B - 
Bat ta l ion  
Bureau of Ordnance 

-C - 
Cornell  Aeronautical Laboratory, Inc.  
Commanding General 
Chapter 
centimeter 
Commanding Officer  
Company 
Chief of Ordnance 
Complete, Completion 
Cont inenta l  Army Command 
Contract 
Continental  United S t a t e s  
Coordinate, Coordination 
Corporation 
Ci rcu la r  Probable Error  
Cost Plus Fixed Fee 
cycles per second 
Control Test  Vehicle 
Continuous Wave 
Calendar Year 

-D - 
DA------ Department of the  Army 
db------ dec i b e l s  

DCSLOG-- Deputy Chief of S ta f f  f o r  Log i s t i c s  
DCSOPS-- Deputy Chief of S ta f f  f o r  Operations 
DEM----- Demonstrat ion 
Dep----- Deputy 
Dev----- Development 



(U) GLOSSARY (Cont ' d) 

-D - 
Dispos i t i on  Form 
Di rec to r  
Distance 
Div is ion  
Dis tance  Measuring Equipment 
Document 
Department of Defense 
Date-T ime-Group 

-E - 
Elec t ron i c  Counter Countermeasure 
E lec t ron i c  Countermeasure 
Engineering Change Order 
Engineer ( ing) 
Equipment 
Engineer-User 

-F - 
Forward Giiidance S t a t i o n  
F i e l d  
Fasrand Op t i ca l  Company, Incorpora ted  
f e e t  pe r  second 
f e e t  
Federal  Telecommunications Laboratory 
F a i r  Weather 
F i s c a l  Year 

-G - 
General E l ec t r i c fSand ia  
General Eva lua t ion  T e s t  
Government Furnished Equipment 
General Order 
Government 

-H- 
Bast ings Instrument Company 
His tory ,  H i s t o r i c a l  
Hel icopter  Transpor tab le  System 

-1- 
inch 
Inc losu re  
Induced Rol l  Fix 

-J - 
J o i n t  Chiefs  of S t a f f  

-K- 

k i l o c y c l e  
ki lometer  
k i l o w ~ t t  



(U) GLOSSARY (Cont ' d) 

-L- 
Laboratory 
La te  Acqu i s i t i on  
Launcher 
pound ( s )  
L e t t e r  
Lightweight Launcher 

-M - 
M i l i t a r y  Cha rac t e r i s t i c .  
megacycle 
Miss Dis tance 
Memorandum 
M i s s i l e  Guidance C e n t r a l  
Minneapolis-Honeywell 
Massachuset ts  I n s t i t u t e  of Techmlogy 
mi l l ime te r  
Modif icat ion 
M i l i t a r y  Occupational S p e c i a l t i e s  
Manuscript 
Missile 
M i s s i l e  System Plan 

-N - 
Noise F i x  
Navy Ordnance 

-0- 

Off i ce ;  .@hie£ of Ordnance . . 

Off i ce ,  Chief of Research and Development 
Ordnance Corps Technica l  I n s t r u c t i o n  
Off i c e  
O f f i c e r  
Ordnance Guided M i s s i l e  School 
Ordnance Missile Labora to r i e s  
Ordnance Readiness Date; a l s o  Ordnance 
On Targe t  Command 
Ordnance Technical  Committee Meeting 

-P- 
P i ca t i nny  Arsenal  
Procurement of Equipment and M i s s i l e s ,  Army/Support 
Procurement and Product i on  
Program P i t c h  
Primary Power Unit  
Pro cur  emen t 
Product ion 
P r o j e c t  
pounds per  square  inch  



(U) GLOSSARY f C o n t l d )  

-R- 

Request f o r  D e v i a t i o n  Approval 
Research and Development 
Regarding 
R o l l  E r e c t i o n  
Repor t  
Research 
Radio Frequency 
Research I n s t i t u t e  f o r  Advanced S t u d i e s  
Redstone Res iden t  Ordnance Eng ineer  
Redstone Arsena l  
Redstone S c i e n t i f i c  I n f o r m a t i o n  C e n t e r  

-S - 
second 
Supply Manual 
S e r i a l  Number 
Spec i f  i c a t i o n  
Sur face - tomsur face  M i s s i l e  
System T e s t  D i v i s i o n ,  Ordnance Miss ion  
S i g h t  Track ing  E l e c t r o n i c  Equipment Ranging 
S u b j e c t  
Supplement, Supplemental  
S e n i o r  ARGMA R e p r e s e n t a t i v e  

-T - 
T e c h n i c a l  
T a r g e t  
T e c h n i c a l  Manual 
T e s t  P l a n  
T e c h n i c a l  ~ e ~ u i r e m e n k  
T a r g e t  Survey Uni t  
T e l e t y p e  

-v - 
V a r i a b l e  T ime (Fuze) 

-W- 

White Sands M i s s i l e  Range 

-X- 

XSSM-A---- Exper imenta l  S u r f a c e - t o - S u r f a c e  M i s s i l e  - Army 



INDEX 
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Abercrombie, Jack D . ,  41 
Aberdeen Proving Ground, Maryland, 34, 76-77, 96 
A i r  Assoc ia tes  Company, 53 
Airborne Contro 1 System, 10711, 121, 125, 127- 128 
Airframe, 7-8, 59, 119 
American f o r c e s ,  1, 17 
Applied Physics  Laboratory, Johns Hopkins Un ive r s i t y ,  S i l v e r  Springs,  

Maryland, 3 ,  3n, 4 
Army A i r  Forces , 13 

' 4 Army B a l l i s t i c  Mis s i l e  Agency, 39 
Army Chemical Center ,  78 
Army, Department o f ,  38, 43, 78 

and a i rbo rne  c o n t r o l ,  128 . - 
and "crash development ," 103 
d i r e c t i v e  on warheads, 50 
and f i e l d i n g  of LACROSSE, 19, 51, 101n, l l l n ,  146, 150 
and f u t u r e  of m i s s i l e ,  39,  110-111, 155 
and m i s s i l e  f i r i n g s ,  135 
m i s s i l e s  assigned t o ,  17,  27, 35,  36,  39 
and program c o s t ,  20, 157, 158 
and program review, 55, 115 

Army Equipment Development Guide, 48 
Army Ordnance. See Ordnance Corps. - 
Army Ordnance Miss i l e  Command, 39,  40, 43, 151-152, 156 
Arsenal  Mission Coordination O f f i c e ,  RSA, 37n 
Army Rocket and Guided Miss i l e  Agency, 150 

and m i s s i l e  d e f i c i e n c i e s  , 137- 138, 140, 153- 155 
t e c h n i c a l  r e s p o n s i b i l i t i e s  o f ,  39, 138 
and t e s t  f i r i n g s ,  130, 139 

Arsenal  Program Coordination Of f i ce ,  Ordnance M i s s i l e  Laboratory, 
RSA, 37n 

A r t i l l e r y  Board, Cont inenta l  Army Command h 

s tudy  of m i s s i l e  d e f i c i e n c i e s ,  138, i 51 ,  153 
and t e s t i n g ,  130, 135, 136-137, 136n, 139 

A r t i l l e r y  Corps, 152 
A r t i l l e r y  and Guided Miss i l e  School, F o r t  S i l l ,  Oklahoma, 146 
A s s i s t a n t  Chief of S t a f f  f o r  Log i s t i c s  (ACS/G-4), 68, 104, 106, 115 
A s s i s t a n t  D i rec to r  of Ordnance M i s s i l e  Labora to r i e s ,  Redstone 

Arsenal ,  Alabama, 30n 
A s s i s t a n t  Secre ta ry  of  t he  Army (R&D) , 106-107 
A s s i s t a n t  Secre ta ry  of Defense, 55 
Atomic Energy Commission, 78 
AT-7 a i r p l a n e .  See Beechcraf t  AT-7 a i r p l a n e .  
AZUSA range r a d a r ,  57 

Bal t imore,  Maryland, 37, 38n, 159 
Bal t imore RROE (Wedstone Resident Ordnance Engineer) O f f i c e ,  39 



Beechcraf t  AT-7 a i r p l a n e ,  53, 54, 90 
Bendix Avia t ion  Corporat ion,  57 
Bethlehem S t e e l  Company, 120 
B-26 bomber a i r p l a n e ,  61, 62 
Buffa lo ,  New York, 3811, 99 
Buffa lo  (N. Y .  ,) A i r p o r t ,  54 
Bureau of  Ordnance (BuOrd), U .  S. Navy, 3 ,  3n, 5 

: Chemical Corps, 28 
Chief ,  Cont ro l  O f f i c e ,  ARGMA, 41  
Chief ,  I n d u s t r i a l  ~ i v i s i o n ,  Redstone Arsena l ,  37,  39 
Chief o f  Ordnance 

and a i r b o r n z  c o n t r o l  s tudy ,  127 . 
and "crash  programs," 149 
p o l i c y  on R&D p r o j e c t s ,  32-35 
and product ion,  104-105, 107 . - 
r e a c t i v a t i o n  of Redstone Arsenal  by, 28 
and system improvements, 150-151, 154 
and t r a i n i n g ,  32. 

See a l s o  Of f i ce ,  Chief of  Ordnance and Ordnance Corps. -- 
Chief of S t a f f ,  U .  S. Army., 115 
Ch ie f ,  ~ e s e a r c h  and   eve lopment D iv i s ion ,  Off i c e ,  Chief of  Ordnance, 

32-33, 35, 36,  158 
C i r c u l a r  probable e r r o r  (CPE) 

achieved ,  65, 95, 96, 121, 123, 139 
r e q u i r e d ,  2 ,  4 ,  49, 51, 94, 95, 96, 1G6, 121 

Close Support A r t i l l e r y  Guided M i s s i l e  System, 5G 
Co-contractors  

d i f f i c u l t i e s  r e s u l t i n g  from concept o f ,  21-22, 26-27, 38, 102 
phase-in o f ,  23, 26, 67-69, 103, 106. 

See a l s o  Corne l l  Aeronau t i ca l  Laboratory,  I n c . ,  and -- 
Mart i n  Company. 

C o l l i n s  Radio Company, 58, 84 
Commander, Army B a l l i s t i c  Mis s i l e  Agency, 39 
Commander, Army Rocket and Guided M i s s i l e  Agency, 22,,40, 42, 151 
Commander, Redstone Arsenal  

and coord ina t ion  wi th  OCO, 36 
and s e l e c t i o n  of i n d u s t r i a l  c o n t r a c t o r ,  106 
and t e c h n i c a l  r e s p o n s i b i l i t i e s ,  29, 31,  34,  35, 104 

Commanding General ,  Army Ordnance M i s s i l e  Command, 39, 150, 151 
Commanding General ,  Cont inenta l  Army Command, 136 
Computer. - See Guidance and c o n t r o l .  
Conf igu ra t ion  of LACROSSE, 8-9, 74, 119 
Congress (U. S . ) ,  17 
Consol idated Vultee A i r c r a f t  Corp. ,  8n .  -- See a l s o  Convair D iv i s ion ,  

General Dynamics Corpora t ion .  
Con t inen ta l  Af-my Command (CONARC) , 49, 136n 
Con t inen ta l  United S t a t e s  (CONUS), 20, 156 . 



Cont rac t s ,  3n,  38,  83,  154 
i n d u s t r i a l ,  23, 69-70, 102, 104-105; 107-108, 107n, 10811, 116, 147 
OCO po l i cy  on, 32-34 
R&D, 1811, 19, 23, 45, 69, 79, 107, 107n, 116, 127 

f o r  improvements, 46, 125, 125n 
f o r  p re l iminary  s t u d i e s ,  5 ,  14, 1811, 45 
te rmina t  ion ,  157 

t r a i n i n g ,  145 
Con t ro l  O f f i c e ,  ARGMA, 40, 41, 42 
Convair D iv i s ion ,  General Dynamics Corpo ra t ion ,  57. -- See a l s o  

Consolidated Vultee A i r c r a f t  Corpora t ion .  
Corne l l  Aeronaut ica l  Laboratory,  I n c . ,  3811, 62n, 67-68, 138 

and f e a s i b i l i t y  o f  m i s s i l e  
demonstrat ion o f ,  23, 26, 119 
s tudy o f ,  3-5, 45, 125 

and f l i g h t  t e s t s ,  62, 67, 90, 121 . - 
funding,  157 
and missile improvement s t u d i e s ,  46, 98, 101, 103, 125, 127 
a s  prime c o n t r a c t o r  f o r  t e c h n i c a l  developinent, 3 ,  19, 22, 116 
r e l a t i o n s  wi th  Mart in  Company 

phase-in of co -con t r ac to r ,  23, 26-27, 38, 67-69, 102-103, 104, 
106, 108, 116, 119, 121 

t r a n s f e r  of t e c h n i c a l  r e s p o n s i b i l i t y ,  46, 119, 121, 123-124, 129 
and t echn ica  1 development 

ground suppor t  equipment, 86-87, 120, 123 
guidance equipment 

a i rbo rne  system, 127-128 
STEER system, 14, 18, 45, 52-54, 57-58, 62, 65, 80, 83,  84,  

85 ,  120, 121 
h e l i c o p t e r  t r a n s p o r t a b l e  system, 125, 128-129, 130 
motor, 73, 74, 79 
pro to type ,  14- 17 
t a c t i c a l  m i s s i l e ,  34, 67, 68 
t a r g e t  l o c a t o r ,  85 
warhead, 76, 78 

C o r n e l l  Un ive r s i t y ,  New York, 58 
CORPORAL m i s s i l e ,  31, 36,  55n 
Cost .  See Funds. 
Cubic Corporat ion,  57-58, 83 

Dalmo Vic tor  Company, 56 
DART m i s s i l e ,  151 
D e l i v e r i e s  

m i s s i l e s ,  68-70, 108, 111-112, 123, 139-140, 147 
r e p a i r  p a r t s ,  149-150 

Department of t h e  Army (DA) S t a f f  
and a i rbo rne  c o n t r o l  sy s  tem, 127- 128 
and f u t u r e  'of m i s s i l e  system, 67, 155-156, 158 
and procurement, 153 
and t e rmina t ion  of MOD 1 program, 20, 101n, 150-151 





Gonsalves , CWO E. J. , 42 
Government (U. S . ) ,  27, 28n, 53, 87 + 
Ground suppor t  equipment, 69, 87,  129, 156 

d e l i v e r y  schedule ,  108, 111 
e l e c t r o n i c  power supply,  81 ,  84-85, 87 ,  140 
launcher ,  70, 73, 90, 121, 140, 149 

h e l i c a l  r a i l  type ,  86-87, 90,  120 
f o r  h e l i c o p t e r  t r a n s p o r t a b l e  system, 123, 129 

m i s s i l e  automatic  checker ,  73, 137, 140' 
m i s s i l e  sh ipping  c o n t a i n e r ,  70, 108, 120 

Group A Program 
purpose,  46, 67, 70, 90,  102 
sys tem des ign ,  73, 74 ,  119 A 

ground suppor t  equipment, 80-81, 85 ,  87 ,  120, 126 
guidance equipment, 58, 83-84 

tests,  46, 67-70, 79, 90-93, 97,  105, 106n . - 
Group B Program, 69,  116 

purpose,  46, 67, 70, 93, 102 
system des ign  

ground suppor t  equipment,  80-81, 85-87, 120, 121 
guidance equipment, - 73 ,  83-84, 94, 120 

tes ts ,  46, 70, 94-97, 120 
Group 0 (Group Zero) Program, 90 

purpose,  45, 61, 66 
system des ign ,  56-61, 83-84 
tes ts ,  46, 55, 58, 61-65, 67,  68 
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